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BACKGROUND

15 Methods of controlied regulation of gene expression have been increasingly
important in a wide range of areas, including, but not limited to, gene therapy, synthetic
hiology, plant managemesnt, environmental clean-up, baclerial and microbial managemsnt
and synthetic genetic circuits. Control of gene expression holds vast potential at
revolutionizing therapeutics, animal models, and biotechnological processes and is usefulto

20 integrate multiple input signais for cell-based therapy and animal model development.
Despite rapid advances in receni years, precise control of gene expression remains a
challenge due {0 unpredicliability stemming from unintended interactions between biclogicat
components, such as ranscription factors, efc. A fundamental goal in celiular engineering is
o predictably and efficiently express genes at a desired level and under precise control.
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Such genetically engineered celis hold great promise for advancing therapeutics,
diagnostics, animal modsls, and biotechnological processes.

To date, a varisty of different gene modulation technologies for modulating gene
axpression in a cell have been developed. Such gene modulation technologies include RNA
interference, DNA editing and exprassion, and chemical compounds that suppress,

30 enhance, or modify gene expression. These can be in the form of RNA, DNA, or protein, and
can be infroduced into cells in culture through direct application to media, lipofection,
gleciroporation, or viral transduction.

However, because of the wide applicability of gene modulation to both research and

therapsutic applications, there is a continued interest in the development of new ways {a
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modulate transcription of a target gene in a cell, specifically to modulate expression of genes

without genetic modification.
SUMMARY

Methods and compaositions of regulating expression of a targe! gene in a cell are

[0

provided. Aspects of the methods include contacting the cell with a compound having a first
moiety covalently linked to a second moiety, whergin: (i) the first moiety exhibits specific
binding to a first sndogenocus protein that binds {o the target gene {(or a region near the
target gene, such as a promoter or a regulatory region) (i) the sscond molety exhibits
specific binding to a second endogenous protein distinet from the first endogenous protein;
10 and (i) upon contacting the cell, the first endogenous protein and the second endogenous
protein are spatially complexed to each other via the compound to vield a gain-of-function in
the cell. In some embodiments, the gain-of-function is characierized by modulating
expression of the target gene in a manner dependent on the presence of the sscond
endogenocus protein bound {o the compound. Embodiments of the methods provide one or
15 more beneficial features, including but not fimited {o: achieving the gain-of-function by
utilizing less than about 50% of an amount of the first and/or second endogenous proteins
present in the celi; mediation of the gain-of-function with an ECS0 of less than about 1
micromoiar, modulation of expression of the {arget gene in less than or equal to about 16
hours.
20 Accordingly, provided herein in ong aspect is a compound of formula |
BR-L-BC (O
wherein:
BR is g ligand that specifically binds {o bromodomain-containing protein 4 (BRD4);
BC is a ligand that specifically binds {o B-call lymphoma 6 (BCL-6) (or 2 homologue
25  thereof); and
L is a linker,
or a pharmaceutically acceplable sall thereof.
in another aspect, provided herein is a method of traating a subject for a malignancy,
the method comprising: administering to the subject an effective amount of a transcriptional
30 chemical inducer of proximity (TCIP) which links BCL-6 and BRD4 {o treat the subject for the
malignancy.
In another aspect, provided herein is a pharmaceuytical compaosition comprising:
transcriptional chemical inducer of proaximity (TCIF) for treating malignaney, the TCIR

comprising a first ligand that specifically binds to BCL-6 and a second ligand that specifically

[SN]
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hinds to BRD4, and delivery vehicle.
In yet another aspect, provided herain is a mathod of treating a subject for Diffuse
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Large B-Cell Lymphoma (DLBCL), the method comprising: administering to the subject an
effective amount of g chemical inducer of proximity (CIP) which links BCL-6 and an estrogen
receptor treat the subject for DLBCL.

in yet another aspect, provided herain is a method of treating a subject for a

S malignancy, the method comprising: administering to the subject an effective amount of a
transcriplional chemical inducer of proximity (TCIP) which links BCL-8 {or a homologue
thereof) and cyalic dependent kinase {o freat the subject for the malignancy.

in yet another aspect, provided herain is a transcriptional chemical inducer of
proximity (TCIP) for treating malignancy, the TCIP comprising a first ligand that specifically

10 binds to BCL-6 (0or a homologue thereof) and a second ligand that specifically binds to a
CBK.

in yet another aspect, provided herein is a pharmaceutical composition comprising:
transcriptional chemical inducer of proximity (TCIP) for treating malignancy, the TCIP
comprising a first ligand that specifically binds to BCL-6 (or a homologue thereof) and a

18 second ligand that specifically binds to a CDK; and delivery vehicle.

in yet another aspect, provided herein is a method of treating a subject fora
malignancy, the method comprising: administering to the subject an effective amount of a
transcriptional chemical inducer of proximity (TCIF) which links BCL-8 (or a homologus

hereof) and an androgen recepior (AR} to treat the subject for the malignancy. In yet

20 another aspect, provided is a transcriptional chemical inducer of proximity (TCIF) for treating
malignancy, the TCIP comprising a first ligand that specifically binds to BCL-6 {or a
homologue thereof) joined by a linker to a second ligand that specifically binds {o an AR

in yel another aspect, provided herein is a pharmacsutical composition comprising:
transcriptional chemical inducer of proxdmity (TCIP) for treating malignancy, the TCIP

25 comprising a first ligand that specifically binds to BCL-8 {or a homologue thereof) joined by a
linker to @ second ligand that specifically binds {0 an AR and deiivery vehicle.

In yet another aspeci, provided herein is a method of regulating expression of a
target gene in a cell comprising a first endogenous protein and a second endogenous
protein, the method comprising: contacting the cell with a compound having a first moisty

30 covalently linked to a second moiety, wherein: (8) the first moiety exhibits specific binding to
the first endogenous protein that binds to the target gene or a region near the target gene
{e.¢., promoter, regulatory region); () the second moiety exhibits specific binding to the
second endogenous protein distinct from the first endogenous protein; and () upon
contacting the cell, the first endogenous protein and the second endogenous protein are

35 spafially complexad to each other via the compound to yisld a gain-of-function in the cell,
whergin the gain-of-function is characlerized by modulating expression of the target gene in

a manner dependent on presence of the second endogenous protein bound to the
3
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compound, and wherein the gain-of-function is achieved by utilizing less than about 50% of
an amount of the second endogenous protein present in the cell.

in yet another aspect, provided hersin is a method of regulating exprassion of a
target gene in a cell comprising a first endogenous protein and a second endogenous

5 protein, the method comprising: confacting the cell with a compound having a first moiety
covalently linked to a second moiety, wherein: (a) the first moiety exhibits specific binding to
the first endogenous protein that binds the target gene; (b) the second maoiety exhibits
specific binding to the second endogenous protein distinet from the first endogenous profein;
and (¢} upon contacting the call, the first endogencus protein and the second endogenous

10 protein are spatially complexed to each other via the compound to vield a gain-of-function in
the cell, wherein the gain-of-function is characterized by modulating expression of the targst
gene in @ manner dependent on presence of the second endogenous protein bound to the
compound, and wharein the compound mediates the gain-of-function with an ECs of less
than about 1 micromolar.

15 In yet another aspect, provided herein is a method of regulating expression of a
plurality of target genes in a celi comprising a first endogenous protein and a second
endogenous protein, the method comprising: contacting the cell with a compound having a
first molety covalently linkad to a second moiety, wherein: (a) the first moiety exhibits specific
binding to the first endogenous protein that reduces expression of a target gene in absence

20 of the compound; (b) the second muoiety exhibits specific binding to the second endogenous
protsin that enhancas expression of an additional {arget gsns in absence of the compound;
and (¢} upon contacling the cell, the first endogencus protein and the second endogenous
protein are spatially paired o one anothsr via the compound to vield a gain-of-function in the
cell, and wherein the gain-of-function is characlerized in that (i} expression of the target gens

25 is enhanced as compared o that in absance of the compound, and (i) expression of the
additional target gene is reduced as compared o that in absence of the compound.

In yet another aspeci, provided herein is a method of regulating expression of a
target gene in a cell comprising a first endogenous protein and a second endogenous
protein, the method comprising: contacting the cell with an effective amount of a compound

30 having a first moiety covalently linked 1o a second moiety, wherein: (a) the first moiety
exhibits specific binding to the first endogenous protein that binds the target gene; {b) the
second molety exhibits specific binding to the second endogenous protein distinet from the
first endogenous protein; and () upon contacting the celi, the first endogenous protein and
the second endogenous protein are bound to the compound to form a complex to yield a

35 gain-offunction in the cell, whersin the gain-of-function is characterized by modulating
exprassion of the {arget gene in a manner dependent on presence of the second

endogenous protein bound to the compound, and wherein the expression of the target gene
4
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is modulated in less than or aqual to about 1€ hours after the contacting.
it yet another aspect, provided herein is a compound of formuia (1)
AR (1,
wherein:
{ay A is a first moiety exhibiting specific binding 1o a first endogenous protein
in a cell that binds a target gene;
(b) B is a second moiety exhibiting specific binding to a second endogenous
protein in the cell that is distinet from the first endogenous protein; and
(c) the compound spatially complexes the first endogenous protein and the
second endogenous protein to each other to vield a gain-of-function in the cell,
whergin the gain-of-function is characterized by modulating expression of the target
gene in & manner dependent on presence of the second endogenous protein bound to the
compound, and
whergin:
{} the gain-of-function is achieved by ulilizing less than about 50% of an
amount of the second endogenous protein present in the cell;
(iiy the compound mediates the gain-of-funclion with an ECs of less than
ahout 1 micromolar; andior
(iiiy the first endogenous protein reduces the expression of the target gene in
absence of the compound and the second endogenous protein enhances exprassion of an
additional target gene in absence of the compound, wherein ths gain-of-function is
characterized in thal (Hi{a)) expression of the {arget gene is enhanced as compared o that in
absence of the compound, and (iii(b)) expression of the additional target gene is reduced as
compared {o that in absence of the compound.
in yet another aspect, provided herein is a compound of formula (1)
AB (),
wherein:
{a) A is a first moiety exthibiting specific binding to a first endogenous protein
in a cell that binds a target gene;
(b) B is a second moiety exhibiting specific binding to a second endogenous
protein in the cell that is distinct from the first endogenous protein; and
{¢) the compound binds to the first endogenous protein and the second
endogenous protein to form a complex, wherein the compiex is capable of modulating the
expression of the target gene in a manner dependent on presence of the second
endogenous profein in the complex, and
wherein the complex modulates expression of the target gene in less than or equal to

about 16 hours.
5
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Brier DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a non-limiting example of the design of a compound of the
disclosure (8.¢., a CIP ar a2 TCIP) to hijack BCL-6 1o kill BRD4-positive DLBCL cells, SLCL
celis or ER-positive DLBCL cells, in accordance with embodiments provided herein. BCL-6 s

[0

a transcription factor and oncogene that prevents death of a variety of cancer cells including
SLCL cancer cells and DLBCL cancer celis by binding epigenstic repressors, BCOR, NCOR
and SMRT (PMID 18280243, 15531890, 10898795). Chemical linkage of inhibitors of BCLS
{and/or homologues thereof), such as BIS812(PMID33208843) to ligands for BRD4 or

10 estrogen compounds that then bind and induce proximity o the cell death (proapoplotic)
promoters, such as those for TR53, PUMA, BIM and others, convert the inhibitor of cell
death to a powerful activator of cell death, and Hllusirates the gain-of-function provided by the
compounds of the disclosure (e.g., a TCIP).

FIG. 2 provides the structure of the TCIP JWZ-7-7.

15 FIG. 3 illustrates that the TCIP JWZ- 7-7 kills CHOP-resistant, p83 negative
Karpas422 DLBCL at 1.3 nM. Data is the mean of 4 biologic repeals by 3 experimenters.

FIG. 4A shows that the TCIPF JWZ-7-7 uses endogenous BCLS and BRDR4 leveis to
rapidly upregulate gene aexpression in DLBCL cails. Karpas 422 ceils were {ransfected with a
GFP reporter containing high-confidence BCLS binding sites, and treated with JWZ-7-7 for

20 8hrs.

FIG. 4B shows that the TCIP JWZ-7-7 rapidly and specifically regulates genes critical
for DLBCL at < 1 NM. Karpas 422 cells were treated with JWZ-7-7 al the indicated
concentrations for 24 hours and exiracis prepared and Weslern-blotied. BCLE (long isoform)
is the upper band, the short isoform is the lower band. Note "hook effect” {reduction in

25 activity at higher concentrations) characteristic of ternary complex formation.

FIG. 5 provides dose response curves of JWJZ-7-7, BI-3812, JQ1, and combinations
on three small cell iung cancer ines (NCI-H1105, DMS-79, NCI-H2196).

FiG3. 8 provides the results of a TR-FRET (Time-Resclvad Fluorescance Rasonance
Energy Transfer) assay {0 detect temnary compiex formation between JWZ-7-7, BRD4 and

30 BCLS.

FIGE. 7A and 7B Hlustrale a nanoBRET assay of JWZ-7-7 and results oblained
therefrom, respeciively.

FIG. 8 demonstrates that TCIF1 is 100-fold more potent than the recently FDA-

approved Selinexor in DLBCL and is less toxic.

[SN]
&

FIG. § depicts non-limiting examples of structures and activities of ER-BCLE TCIPs.
Panel A. Non-limiting examplas of structures of compounds of the disciosure {e.g., TCIPs)

6
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based on estrone and BI3812. Also shown are structures of molecules synthesized to test
the effect of the linkers on estrone and on BI3812 as well as negative controls not dinding
ER (XFL-01-190 and 108)) or BCLS (XFL-03-004}). Panel B. Viability of Karpas DLBCL 48
hours after adding estrone, B13812, BI3802 (BCLS degrader) and XFL-01-82. Note that

S AFL-01-82 is far more active at specifically killing these cells which over express ER as well
as BCLS than either parent compound. The androgen (XFL-01-108) or linker compounds as
well as the two negative control compounds were all inactive.

FIG. 10 demonstrates that XFL-01-82 specifically kills DLBCL cells. Shown are dose-
response curves for lymphocoyies and three breast cancer cell linss that do not over-expraess

10 BCLS.

FIG. 11 demonsiratss that CiP-induced apoplosis is rapid and robust. XFL-01-92
induces apoptosis within 8 hours of addition to Karpas 422 cells. Annexin V and 7AAD
staining identify sarly and lale apopiosis.

FIG. 12 illustrates a non-limiting example of the design of a compound of the

15 disclosurs (e.g., a TCIP) to hijack BCL-6 to kill CDK-positive cancer celis. BCL-6is a
transcription factor and oncogene that prevents death of a variety of cancer cells including
prostate cancer celis by binding epigenetic repressors, BCOR, NCOR and SMRT (PMID
18280243, 15531890, 10888795). Chemical linkage of BCL-8 inhibitors, such as Bl-
3812(PMID33208943) to ligands for CDKS that then bind and induce proximity to the cell

20 death {proapopiotic) promoters, such as those for TP53, PUMA, BIM and others, convert the
inhibitor of call death to a powerful activator of cell death. As illustrated in FIG. 12, a smali
molecule that binds the transcriptional activator, COKY, is used to recruit COKS {o the
promotar of a gans that activates the expression of cell death genes. BCLS as well as some
of its homologues are nermally repressors of ceil death, but the TCIPs described herein in

25 accordance with embaodiments of the disciosure prevent this repressive effect and set the
stage for activation by the CDKS molecule.

FIG. 13 illusirates the advantage of the TCIP approach in accordance with
embodiments of the disclosure. Conventional therapeutics, such as inhibitors, degraders,
RNAI and CRISPR, must inhibit nearly all of the activity of the targel protein inevitably giving

30 rise to mechanism-based {oxicity that is due to loss of function of the normal functions of the
farget protein. In contrast, TCIPs need {o borrow only a small fraction of the target for
activation of the cell death mechanisms, which is the gain-of-function induced by the TCIP.
This approach avoids mechanism-based toxicily inherent to conventional therapeutics.

FIG. 14 provides the structure of the CDKS inhibitor SNS-032 (A}, the structures of

35 BCLS binders (B) and TCIPs prepared from these ligands (C}; in accordance with
embodiments of the disclosure.
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FIG. 15 demonstrates that COKS-BCLE TCIPs effectively kill human lymphomas.
The molecules shown in FIG. 14 were used at the indicated concentrations o freat different
iymphoma cell ines, such as SUDHLS shown hers. Death was recorded 72 hours lafer,
Additional data is provided in FIG. 26 with controls.

5 FIG. 16 demonstrates that CDKS-BCLS TCIF (BAK _04_21) is more effective at Killing
iymphoma cells than component molecules and competitor molecules.

FIG. 17 demonstrates that COKS-BCLS TCIP BAK04-21 forms a fernary complex in
celis that can be competed with the BCLS inhibitor. Cell death was recorded 72 hours afler
adding TCIP BAK04-21 with increasing concentrations of the BCLS inhibitor BI3812, shown

10 onthe X axis.

FIG. 18A provides the structures of COK ligands that may be employed in TCIPs in
accordance with embodiments of the disciosure, while FIG. 188 provides the structures of
additional BCLS ligands that may be emploved TCIPs in accordance with embodiments of
the disclosure.

15 FIG. 19 illustrates the design of a TCIP {0 hijack BCL-8 to kill androgen recepior {AR)
driven prosiate cancer calis. BCL-6 is a transcription factor and oncogene that prevenis
death of a variety of cancer celis including prostate cancer celis by hinding epigenetic
repressors, BCOR, NCOR and SMRT (PMID 18280243, 15531890, 10898795). Chemical
linkage of BCL-8 inhibitors, such as BI-3812{(PMID33208543) to ligands for AR that then

20 bind and induce proximity to the cell death (proapoptotic) promoters, such as thoss for TRS3,
PUMA, BIM and others, convert the inhibitor of cell death to a powerful activator of csll
death. Normally androgen will bind {o the AR and induce prolifergtion. As illustrated in FIG.
19, a TCIR linking the AR to BCLS which binds and coordinately aclivates killer genes results
in robust and rapid death of prostate cancer cells. The fllustrated approach provides therapy

25 for prostatic cancer driven by the AR, which includes over 80% of human prostatic cancer.

FiG. 20 illusirates an example of a gain-of-function provided by compounds of the
disclosure (e.g., TCIPs). Normaily the cancer driver promotes the proliferation, spread and
survival of the cancer cell. In this exampie, the TCIP causes the signals from the cancer
driver to be diverted to evolutionarily conserved cell death pathways that the cancer driver

30 would not normally engage.

FIG. 21 illustrates a non-limiting example of the way that compounds of the
disclosure (e.g., TCIPs, such as those described in FIG. 22) cause the androgen receplior to
gain a function that it does not normally have, e.g., celi killing. By engaging the androgen
dependent proliferation pathway on one sids using the AR moiety and the BCLS protein or a

35 prostate specific transcription factor controliing call death genes using the second moisty,
proliferative signals are induced to causs cell death,

8
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FIG. 22 provides components for the design and synthesis of AR-TCIPs in
gocordance with embodiments of the disciosure. AL BCLS BTB inhibitors and Degraders.
These molecules may be used {o produce the arm of the AR-TCIP that binds to endogenous
BCLS or its homologues. B. Sleroidal and non-stercidal androgen agonist that may be usad
{o form the arm of the AR-TCIP that binds {0 endogenous androgen receplors in prostatic
cancer cells. C. Androgen receptor antagonists that may be used as described in 8. D,
Linkers that may be used to construct AR-BCLS TCIPs.

FIG. 23 depicts structures of AR-BCLE TCIPs in accordance with embodiments of the
disclosure synthesized and tested for their ability to kill human prostatic cancers. Each
structure includas an androgen receptor binder, a linker and a BCLS binder/inhibitor, which
binds to the conserved BTB domain present in functionally related proteins. Each of the
components are shown in the Figure and are examples of TCIPs of embodiments of the
disclosure. The molecules labeled RCS-02-075 (AR-BCLS negq. control 1) and RC8-02-155
{AR-BCLS neg. contral 2) are negative binding controls that have minor, but significant
chemical modifications in the AR binding side and the BCLS binding site, respectively.

FIG. 24 demonstrates that AR-TCIPs rapidly and robustly kill human prostatic cancer
cell lines. Four different cell lines were used that are androgen-dependent. The AR-TCIPs
were added at the indicated concentrations and viable cell counts were determined after 72
hours of exposure. RCS-02-083 shows effective killing of prostate cancer cell lines with an
{CB0 of about 1.5 pM.

FIG. 25 depicts targst engagaement in vivo by TCIP RCS8-02-063. A. The nanoBRET
assay was construcied using nanocluc-labeled AR and Halotag-labeled BCLS. ABRET
signal was then detected afier excitation at 480nm of HEK283 cells infected with the labeled
fusion proteins. TCIP RCE-02-063 induces a robust BRET signal indicating i vivo target
angagement,

FiG. 26 demonstrates a gain-of-function (e.q., regulation of expression of a target
gene that would otherwise not be achieved in the absence of formation of a ternary complex
between a first endogenous protein, a second endogenous protein, and a compound of the
disclosure} as described herein is achieved by recrulting a fraction of the available second
endogenous protein present in the cell and thereby avoids meachanism-based toxicity. in this
example, less than 10% of BRD4 was reciuited o the promoters of celf death genes by a
compound disclosed herein (8.g., TCIP1 compound) to activate pro-apopiotic BCLE targets.
The gain-of-function is the activation of the proapopotic pathways by BCLS, rather than
suppressing them, which is its normal role.

FIGS. 27A-27F depict non-limiting examples of preduction of compounds of the
disclosure, and data related thereto.
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FIGS. 28A-28D dapict data demonsirating potency of a compound of the disclosure
in cancer cell lines and corrglation with BOLS levels.
FIGS, 20A-29G depict data demonsirating that a compound of the disclosurs
functions by inducing termary complex formation.
5 FIGS. 30A-30k depict data demonsirating rescue of cell death induced by a
compound of the disclosure by competiiive titration of BCLS inhibitors.
FIGS. 31A-31F depict data demonsirating that a compound of the disclosure induces
apoplosis at every slage of the celf cycle.
FIGS. 32A-32F depict biochemical studiss of ternary complex binding affinities of
10 compounds of the disclosure.
FIGS. 33A-33G depict data demonstrating that a compound of the disciosure
represses MYC and its targets while activating pro-apopiotic genes.
FiG. 34 depicts celi-cycle block and apoptosis induction by a compound of the
disclosure.
15 FIGS. 35A-35M depict rapid activation of BCLE-target genes by recruitment of BRD4.
FIGES. 36A-38E depict robust and dose-dependent gene regulation by a compound of
the disclosurs.
FIGS. 37A-371 depict loxicity of a compound of the disclosure in mice and primary
human cells and generalization to ER-positive cancers.
20 FIGS, 38A-38C depict specific activation of gene expression by a compound of the
disclosurs but not related controls.
FIGS. 39A-39k depict ChiP-seq analyses of BRD4, H3K27ac, and RNA Pol ll in
response {0 & compound of the disclosure.
FIGS. 40A-400 depict conversion of BCLS audo-inhibilory pathway to feedforward
25 loop.
DETAILED DESCRIPTION

As used herein, the ferm “alkyl” by iteelf or as parl of another substifuent refers to a
saturated branched or straight-chain monovalent hydrocarbon radical derived by the removal
of one hydrogen atom from a single carbon atom of a parent alkane. Typical akyl groups

30 include, but are not limited to, methyl; ethyi, propyls such as propan-1-yl or propan-2-yl; and
butyls such as butan-1-yl, butan-2-yl, Z-methyi-propan-1-y! or 2-methyl-propan-2-yl. in some
embodiments, an alkyl group comprises from 1 {o 20 carbon atoms. In other embodiments,
an akky! group comprises from 110 10 carbon atoms. n still other embodiments, an alkyl

group comprises from 1 to 6 carbon atoms, such as from 1 to 4 carbon atoms.

[SN]
&

"Alkanyl” by itself or as part of another substituent refers 1o a saturaled branched,

straighi-chain or cyclic alkyl radical derived by the removal of one hydrogen atom from a

10
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single carbon atom of an alkane. Typical alkany! groups include, but are not limited to,
methanyl, ethanyl, propanyls such as propan-1-yl, propan-2-yl {isopropyl), cyclopropan-1-yl,
etc.; butanyls such as butan-1-yl, butan-2-y! (sec-butyl), 2-methyl-propan-1-vi (iscbutyl), 2-
methyl-propan-2-yl (i-butyl}, cyclobutan-1-yl, etc.; and the like.

5 “Alkyleng” refers to a branched or unbranched saturated hydrocarhon chain, usually
having from 1 to 40 carbon aloms, more usually 1 1o 10 carbon atoms and even more
usually 1 to 8 carbon atoms. This term is exemplified by groups such as methylene (-CHy-},
athylene (-CHCHg-), the propyiens isomers (e.g., ~-CHCHCHe- and -CH{CH3)CH2-) and the
like.

10 "Alkenyl” by itself or as part of another substituent refers to an unsaturated branched,
straighi-chain or cyclic alkyl radical having at lsast one carbon-carbon double bond derived
by the remaoval of one hydrogen atom from a single carbon atom of an alkense, The group
may be in either the cis or trans conformation about the double bond{s}. Typical alkenyl
groups include, but are not limited 1o, ethenyl; propenyis such as prop-1-en-i-yi, prop-1-en-

18 2-yl, prop-2-en-1-yi (alivl), prop-2-en-2-yl, cycloprop-1-en-1-yl; cycioprop-2-en-1-yl; butenyls
such as but-1-en-1-yl, bul-1-en-2-yl, 2-methyl-prop-t-en-1-yl, but-Z-en-1-yi, but-2-en-1-yi,
but-2-en-2-yi, buta-1,3-dien-1-yi, buta-1 3-dien-2-yl, cyclobud-1-en-1-yi, cyciobui-1-en-3-yi,
cyclobuta-1,3-dien-1-yi, etc.; and the like.

"Alkynyl” by itself or as part of another substituent refers {o an unsaturated branched,

20 straight-chain or cyclic aikyl radical having at least one carbon-carbon iriple bond derived by
the removal of one hydrogen atom from a single carbon atom of an atkyne. Typical alkynyt
groups include, but are not limited to, ethynyl; propynyis such as prop-1-yn-1-yi, prop-2-yn-1-
yl, ete.; butynyls such as but-t-yn-1-yl, bul-t-yn-3-yl, bul-3-yn-1-yl, ete.; and the like.

"Acyl” by itself or as part of another substituent refers to a radical -C(O}R3°, where

25 R%¥is hydrogen, alkyl, cycloalkyl, cycioheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylaikyl as defined herein and substituted versions thereof. Representative examples
include, but are not limited {o formyl, acetyl, cyclohexylearbonyl, cyclchexylmethyicarbonyl,
benzoyl, benzyicarbonyl, piperonyl, propionyl, succinyl, and malonyl, and the fike.

The term "amincacyl” refers {o the group -C(OINRP'R*, wherein R* and R*®

30  independently are selected from the group consisting of hydrogen, alkyl, substifuted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, any, substituted aryl, cycloalkyl,
substituted cycloalkyl, cycloatkenyl, substiiuted cycloalkenyl, heteroaryl, subsiituted
heteroaryt, heterocyclic, and substituted heterocyclic and where R?' and R*? are optionally
joined together with the nitregen bound thereto to form a heterocydlic or substituted

35 heterocyclic group, and wherein alkyl, substituied alkyl, atkenyl, substituted alkenyl, alkynyl,
substituted alkynyt, cycioalkyl, subsiituled cycloalkyl, cycloatkenyi, substituted cycloalkeny,
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aryl, substituted aryl, heteroary!, substituted hetercaryl, heterocyclic, and substituted
heterccyelic are as defined herein.

"Allkoxy" by itself or as pant of another substituent refers {o a radical -OR®! where R¥
represents an alkyl or cycloatky! group as defined herein. Representative examples include,
but are not limited to, methoxy, sthoxy, propoxy, butoxy, cyclohexyloxy and the like.

"Alkoxycarbonyl” by itself or as part of another substituent refers to a
radical -C(O)OR® where R*' represents an alkyl or cycloalkyl group as defined herein,
Representative exampies include, but are not fimited to, methoxycarbonyl, ethoxyearbonyl,
propoxycarbonyl, Butoxyearbonyl, cycichexyloxycarbony! and the like.

"Aryl” by itself or as part of another substifuent refers to a monovaient aromatic
hydrocarbon radical derived by the removal of one hydrogen atom from a single carbon aiom
of an aromatic ring system. Typical aryl groups include, but are not limited to, groups derived
from aceanthrylene, acenaphthyiene, acephenanthrylene, anthracene, azulene, benzene,
chrysene, coronene, flucranthens, fluorene, hexacane, hexaphene, hexalene, as-indacens,
s-indacene, indane, indene, naphthalene, octacens, oclaphene, octalene, ovalene, penta-

2 4-disne, peniacens, pentalene, pentaphens, perylene, phenalens, phenanthrene, picens,
pleiadense, pyrene, pyranthrens, rubicene, friphenylene, trinaphthalene and the like. In
certain embodiments, an aryl group comprises from 6 o 20 carbon atoms. In certain
embodiments, an aryl group comprises from 6 to 12 carbon atoms. Examples of an aryl
group are phenyl and naphthyl.

“Arylalicyl” by itself or as part of another substituent refers to an acyclic alky! radical in
which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp?
carbon atom, is replaced with an aryl group. Typical arylalky! groups include, bul are not
limited {o, benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, naphthylmethyl, 2-naphthylethan-
1-yl, 2-naphthylethen-1-yi, naphthobenzyl, 2-naphthophenylethan-1-yl and the like. Whers
specific alkyl moieties are intended, the nomenclature arylalkanyl, arylaikenyl and/or
arylalkynyl is used. In certain embodiments, an arvlalkyl group is (C-Cao) arviatkyl, 6.9, the
alkany!, alkenyl or atkynyl moiety of the arvialkyl group is (C+-Cqo) and the aryl moisty is (Cs-
Cao). In certain embodiments, an arylalkyl group is (C7-Coo) aryialkyl, 8.g., the alkanyl, alkenyl
or atkynyl moiety of the arylalky! group is (C+Cs) and the aryl moiety is (Cs-Ciz).

“Arylaryl” by itself or as part of another substituent, refers to a monovalent
hydrocarbon group derived by the removal of one hydrogen atom from a single carbon atom
of a ring systam in which two or more identical or non-identical aromatic ring systems are
joined directly together by a single bond, where the number of such direct ring junctions is
oneg less than the number of aromatic ring systems invoived. Typical anvlaryl groups include,
put are not limited {0, biphenyl, triphenyl, phenyi-napthyi, binaphihyl, biphenyl-napthvi, and

the lfike. When the number of carbon atoms in an arvlaryl group are specified, the numbers
12
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refer to the carbon atoms comprising each aromatic ring. For example, (Cs-Cqs) arylaryl is an
arylaryl group in which each aromatic ring comprises from 5 {o 14 carbons, e.g., biphenyl,
tripheny!, binaphthyl, phenylnapthyl, etc. in certain embodiments, each aromatic ring system
of an arylaryl group is independently a (Cs-Cqy) aromatic. In cerlain embodiments, each
S aromatic ring system of an arylaryt group is independently a (Cs-Cyo) aromatic. In certain
embodiments, each aromatic ring systen is identical, e.g., biphenyl, triphenvi, binaphthyl,
trinaphihyl, etc.
“Cycloalkyl” by iself or as part of another substituent refers {o a salurated or
unsaiurated cyclic alky! radical. Where a specific level of saturation is intended, the
10 nomenclature "cycloalkanyl” or "cycloalkenyl” is used. Typical cycloalkyl groups include, but
are not limited to, groups derived from cyclopropans, cyclobutane, cyclopentane,
cyclohexane and the like. In certain embodiments, the cycloalkyl group is (Co~Cio)
cycloalkyl. In certain embodiments, the cycloatkyl group s (C3-Cy) cycloalkyl.
"Cycloheteroalkyl” or "heterocycivi” by itself or as part of another substituent, refers
15 o a salurated or unsaturated cyclic alkyl radical in which one or more carbon atoms (and
any associated hydrogen atoms) are indepsndently replaced with the same or different
heteroatom. Typical heteroatoms to replace the carbon atom(s) include, but are not limited
io, N, P, 0O, 8 8i etc. Where a specific lavel of saturation is intended, the nomenclature
“eyclohetercalkanyl” or “cycicheteroalkeny!” is used. Typical cycloheteroalkyl groups include,
20 but are not limited {o, groups derived from epoxides, azirines, thifranes, imidazolidine,
morphotine, piperazine, piperidine, pyrazolidine, pyrrolidine, quinuclidine and the like.
"Heteroalkyl, Heteroalkanyl, Heteroalkeny! and Heteroalkynyl™ by themselves or as
part of another substituent refer to alkyl, alkany!, alkenyl and alkynyl groups, respectively, in
which one or more of the carbon atoms {and any associated hydrogen atoms) are
25 independently replaced with the same or different heteroatomic groups. Typical helerocatomic
groups which can be included in these groups include, but are not limited to, -0-, -8-, -8-5-, -
C-8-, ~NRYR3. =hN-Nw, NaN-, -N=N-NRIRAC PRY.-P(O)y-, -PORY%-, -O-P(0)y-, -8-0-, -
3-{0), -80s-, -SnRYR*. and the like, where RY, R R R RY R R and R are
independently hydrogen, alkyl, substituled alkyl, aryl, substituted aryl, arylalkyl, substituted
30 arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl,
heteroalkyl, substiiuted heteroalkyl, heteroaryl, substituled heterocaryl, heteroarylalkyl or
substituted heteroarylalkyl.
"Hateroaryl” by itself or as parn of another substiiuent, refers to a monovalent
heteroaramatic radical derived by the removal of one hydrogen atom from a single atom of 3
35 hetercaromatic ring system. Typical heteroaryl groups include, but are not limited to, groups
derived from acridine, arsindole, carlbzazols, B-carboline, chromane, chromene, cinnoling,

furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran, isochromens,
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isoindole, isoindoline, isoquinoling, isothiazole, isoxazole, naphthyridine, oxadiazole,
oxazole, permidine, phenanthridine, phenanthroline, phenazine, phthalazine, pteridine,
purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine,
guinazoling, quinoline, quinoiizine, quinoxaline, tetrazole, thiadiazole, thiazole, thiophens,
triazole, xanthene, benzodioxole and the like. In cerain embodiments, the heteroanyi group
is from 5-20 membersd heteroaryl In cerlain embodiments, the heteroaryl group is from 5~
10 membered heteroaryi. In cerlain embodiments, heteroaryl groups are those derived from
thiophene, pyrrole, henzothiophene, benzoturan, indole, pyridine, quinoling, imidazole,
oxazole and pyrazine.

"Heteroarylatkyl” by itself or as part of another substituent, refers to an acyclic alkyl
radical in which one of the hydrogen atoms bonded to a carbon atom, typicaily a terminal or
sp? carbon atom, is replaced with a heteroary! group. Where specific alkyl moisties are
intended, the nomenclature hetercarvialkanyt, heteroarylalkeny! and/or heterorylalkynyl is
used. In cerlain embodiments, the heteroarvialkyl! group is a 6-30 membered hetercarylalkyt,
&.g., the alkanyl, alkeny! or alkynyl moiety of the heteroaryialkyl is 1-10 membered and the
heteroaryt moiety is a 5-20-membered heteroaryl. In certain embodiments, the
heteroarylalkyl group is 6-20 membered heteroarylalkyd, e.¢., the alkanyl, alkenyi or alkynyl
moiety of the heteroaryialkyl is 1-8 memberad and the hetercaryl moisty is a 5-12-membersd
hetercarvl.

"Aromatic Ring System” by itself or as part of another substituent, refers to an
unsaturated cyclic or polyeyclic ring system having a conjugated m electron system.
Specifically included within the definition of "aromatic ring system” are fused ring systems in
which one or more of the rings are aromatic and one or more of the rings are salurated or
unsaturated, such as, for exampis, fluorene, indane, indene, phenalens, etc. Typical
aromatic ring systems include, bul are not limited to, aceanthiylene, acenaphthylene,
acephenanthrylene, anthracene, azulens, benzene, chrysene, coronens, flucranthane,
fluorene, hexacene, hexaphene, hexalene, as-indacene, s-indacens, indaneg, indene,
naphthalene, octacene, octaphene, octalens, ovalene, penita-2 4-diene, pentacens,
penialense, pentaphene, peryiene, phenalene, phenanthrene, picene, pleiadens, pyrene,
pyranthrene, rubicene, friphenyiene, trinaphthalene and the like.

"Heteroaromatic Ring System” by itself or as part of another substituent, refers {o an
aromatic ring system in which one or more carbon atoms (and any associated hydrogen
atoms) are independently replaced with the sams or different heteroatom. Typical
heteroatoms to replace the carbon atoms include, but are not limited to, N, P, G, 8, S, ete.
Specifically included within the definition of "hetercaromatic ring systems” are fused ring
systams in which one or more of the rings arg aromatic and one or more of the rings are

saturated or unsaturated, such as, for example, arsindoie, benzodioxan, benzofuran,
14
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chromane, chromene, indole, indoling, xanthene, elc. Typical heteroaromatic ring systems
inciude, but are not limited to, arsindole, carbazole, B-carboline, chromane, chromene,
cinnoline, furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran,
isochromene, isoindole, isoindoline, isoquincline, isothiazole, Isoxazole, naphthyridine,

5 oxadiazole, oxazole, perimiding, phenanthridine, phenanthroiine, phenazine, phthalazine,
pteriding, puring, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole,
pyrrolizine, quinazoline, quinoline, quinclizing, quinoxaline, tetrazole, thiadiazole, thiazole,
thiophene, triazole, xanthene and the like.

“Substituded” refers to a group in which one or more hydrogsn atoms are
10 independently replaced with the same or different substituent(s). Typical substituents
inciude, but are not imited to, alkylenedioxy (such as methylenedioxy), -M, -R%, -O,
=0, -OR, -8R, -§, =5, -NRSRS! =NRS®, -CF3, -CN, ~-OCN, -SCN, -NO, -NO;,
=Ny, -Ng, ~S{0O)0, -S{0)0H, -S{0):R%, -08{C}.0, -O8(0)RH, -P{O}O ), ~-P{O}ORSNOY
, ~OP{OHOR®Y{OR®Y, -C{OIRM, -C(SIR, -C(O)ORP, -C(OINR¥RE -C{OYOr, -C(SOR, -N
1S RSC{OINRERY, -NRE2C(SINROIRS!, -NREZC(NREBINRORE! and -C(NREANRRS where M is
halogen; R% R R and R® are independently hydrogen, alkyl, substitiied alkyl, atkoxy,
substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycicheteroalkyl, substituied
cycloheteroalkyl, aryl, substitited aryl, heteroaryl or substitutsd heteroaryt, or optionally R%
and R5" {ogether with the nitrogen atom to which they are bonded form a cycloheteroalkyl or
20 substituted cycloheteroalkyl ring; and R? and R® are independently hydrogen, alkyl,
substituted alkyl, aryl, cycloalkyl, substituted cycloalkyl, cyclohsteroaltkyl, substitutad
cycloheteroalkyl, aryl, substituted aryl, heteroary! or substituted heteroaryl, or oplionally R®
and R% together with the nitrogen atom o which they are bonded form a cyciohetercalky! or
substituted cycloheteroalkyl ring. In cerlain embodiments, substituents include -M, -R5,
25 =0, -0ORM -8R -G, =8, -NRSIRS =NR8C, -CF;, -CN, -OCN, -8CN, -NO, -NO,,
=N, -Na, ~S(O})RE, -OS{O)0, ~-O8(0)RR™, -P{OHO)z, -P{OHORSYC), -OR{O)ORYORA
B, -C{OIRE -C{G)RE, -C(O)OR®, -C{OINRECRA .C{O)0, -NRFIC(O)NRPIRY | In cerfain
embodiments, substiiuents include -M, -R8,
=0, -OR -GRE® .NR®OR -CF;, -CN, -NOz, -S{0)R?, -P(OYORN(O), -OP{O}ORHOR®
30 1), -C{OIRE0 C(OIORSY, -C(OINRSIRS -C(OYO". In certain embodiments, substituasnts
include -M, -RS¢,
=0, -OR™, -8R, -NROR®, -CF3, -GN, -NOy, -S(0)R®, -OP{CHOREG(ORS), -C{OIR, -C(
CHORSE GO0, where R R and R% are as defined above. For example, a substituted
group may bear a methylenedioxy substituent or one, two, or three substituents selected
35 from a halogen atom, a (1-4Calkyl group and a (1-4C)alkoxy group.
Provided herein ars compositions, systems, and methods for regulating expression of

atarget gene in a target cell. The compaositions, systems, and methods can be used to
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regulate expression of a targst gene in a target cell by bringing different endogenous
proteins expressed by the target cell into spatial proximity such the target gene is regulatable
by a protein that, in the absence of the compound, would not ordinarily be regulatable by
said protein. The compositions, systems, and methods generally involve a compound that

S specifically binds {o at least a first endogenous protein and & second, different endogenous
protein, sach expressed by the targei cell. The first endogenous protein is genesrally a
protein that can bind to a target gene, or io a region near a target gene, such as a promoter
or reguiatory region, and serves as an anchor for the complex. The second endogenous
protein is a protein that, in the absence of the compound, does not substantially regulate

10 exprassion of the target gene, but when recruited by the compound 1o the targst gene or the
region near the target gene, is capable of regulating expression of the target gene.
Advantageously, the compaositions, systems, and methods provided herein do not require
any genetic modification {o the target cell. Instead, the compaositions, systems, and methods
provided herein rely on the presence of proteins endogenocusly expressed in the targst cell.

15 in addition, the compound is generally a small molecule that can be administeredto a
subject (e.g., by oral administration, by intravenous administration, sic).

It is {0 be undersioad that this disclosure is not limited to particular embodiments
daescribed, as such may, of course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular embodiments only, and is not intended

20 o be limiting, since the scope of the present disclosure will be limited only by the appended
claims.

Where a range of values is provided, # is undersioad that each intervening value, to
the tanth of the unit of the lower limit unless the context clearly dictales otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that

25 stated range, is encompassed within the invention. The upper and lower limits of these
smalier ranges may independently be included in the smaller ranges and are also
encompassed within the invention, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or
both of those included limits are also included in the invention.

30 The terms “about” or “approximately” generally mean within an acceptable error range
for the particular value as determined by one of ordinary skill in the art, which will depend in
part on how the value is measured or determined, e.g., the limitations of the measurement
system. For example, "about” can mean within 1 or more than 1 standard deviation, per the
practice in the art. Alternatively, “about” can mean a range of up to 20%, up o 10%, up to

35 8%, erupto 1% of a given value. Alternatively, particularly with respect {o biological systems
or processes, the term can mean within an order of magnitude, preferably within 5-fold, and

more preferably within 2- fold, of a value. Where particular values are described in the
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application and claims, unless otherwise stated, the term “sbout” meaning within an
goceptable error range for the particular value should be assumed.

Unless defined otherwise, all technical and scisntific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the arf to which this

S invention belongs. Although any methods and materials similar or equivalent to those
described hersin can also be used in the practice or testing of the present invention,
representative illustrative methods and materials are now described.

All publications and patenis cited in this specification arg herein incorporated by
reference as if each individual publication or patent were spscifically and individually

10 indicated to be incorporated by reference and are incorporated herein by refarance {0
disclose and describe the methods and/or materials in connection with which the
publications are cited. The citation of any publication is for its disclosure prior to the filing
date and should not be construed as an admission that the present invention is not entitied
to antedate such publication by virtue of prior invention. Further, the dates of publication

18 provided may be different from the actual publication dates which may need {o be
independently confirmead.

It is noted that, as used herein and in the appended claims, the singular forms “a°,
“an’, and “the” include plural referenis unless the context clearly dictates otherwise Rt is
further noted that the claims may be drafted {0 exclude any optional element. As such, this

20 statement is intended to serve as antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recitation of claim slements, or use of a
“‘negative” limitation.

The section headings used herain are for organizational purposes only and are not o
be construed as limiting the subject matter described.

25 As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illusirated herein has discrete components and
features which may be readily separated from or combined with the features of any of the
other several embodiments without departing from the scope or spirit of the present
invention. Any recited method can be carried cut in the order of evenis recited or in any

30 other order which is logically possible.

While the apparatus and method has or will be described for the sake of grammatical
fluidity with functional explanations, i is to be expressly understood that the claims, uniess
exprassly formulated under 35 U.S.C. §112, are not {0 be construed as necessarily imited in
any way by the construction of "means” or "steps” limitations, but are {o be accorded the full

35 scope of the meaning and equivalents of the definition provided by the claims under the
judicial doctrine of equivalents, and in the case whers the claims are expressiy formulated

under 35 U.5.C. §112 are to be accorded full statutory egquivalents under 35 U.8.C. §112.
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Systems, COMPOSITIONS, AND METHODS THEREOF £OR REGULATING EXPRESSION OF A
TARGET GENE

in one aspect, provided harain is @ method of regulating sxpression of a target gene

wr

in a cell comprising a first endogenous protein and a second endogenous protein, the
method comprising contacting the cell with a compound having a first moiety (e.g.,
covalently) linked {0 a second moiety, wherein () the first moiety exhibiis specific binding io
the first endogenous protein, wherein the first endogenous protein binds to the target gene,
or a region near the targst gene (e.g., a promoter, a reguiatory region, etc.); (b) the second
10 moiety exhibits specific binding to the sscond endogenous protein distinet from the first
endogenous protein; and (¢) upon contacting the cell, the first endogenous protein and the
second endogenous protein are spatially complexed {o each other via the compound {o yisid
a gain-of-function in the cell, wherein the gain-of-function is characterized by modulating
axpression of the target gene in a manner dependent on the presence of the second

oy
(%]

endogenous protein bound 1o the compound. The method further provides that the gain-of-
function is achieved by utilizing less than about 50% of an amount of the second
andogenous profein present in the call.

in another aspect, provided herein is @ method of regulating expression of a target
gene in a cell comprising a first endogenous protein and a second endogenous protein, the
20 method comprising contacting the cell with a compound having a first moiety covalently
linkad to a second moiety, wherein (a) the first moisty exhibits specific binding {o the first
endogenous protein, wherein the first endogenous protein binds {o the farget gene, orto a
region near the target gene {8.g., a promoter, a reguiatory region, efc.); (b) the second

moiety exhibits specific binding to the sscond endogenous protein distinct from the first

)
W

endogenous protein; and {¢) upon contacting the cell, the first endogenous protein and the
second endogenous protein are spatially complexed to each other via the compound to vield
a gain-of-function in the cell, wherein the gain-of-function is charactarized by modulating
axpression of the target gene in a manner dependent on the presence of the second
endogenous protain bound {o the compound. The meathod further provides that ths
30 compound mediates the gain-of-function with an ECS80 of less than abouf 1 micromolar.

In another aspect, provided herein is a method of regulating exprassion of a plurality
of target genes in a cell comprising a first endogenous protein and a second endogenous
protein, the method comprising contacting the celf with a compound having a first moisty

covalently linked o g second moietly, wherein: (@) the first moistly exhibits specific binding to

W
W

the first endogenous protsin, wherain the first endogenous protein reduces expression of a
target gene in the absence of the compound; () the second molety exhibits specific binding

10 the second endogenous protein, wherein the second endogenous protein enhances
18
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axpression of an additional target gene in the absence of the compound; and {c) upon
contacting the cell, the first endogencus protein and the second endogenous profein are
spatially paired to one another via the compound {o yield a gain-of-function in the cell. The
method further provides that the gain-of-function is characlerized in that (i) expression of the
S target gene is enhanced as compared {o that in the absence of the compound; and (i)
expression of the addilional target gene is reduced as compared to that in the absence of
the compound.
in another aspect, provided herein is a method of regulating expression of a target
gene in a cell comprising a first endogenous protein and a second endogenocus protein, the
10 method comprising contacting the cell with an effective amount of a compound having a first
moiety covalently linked to a second maoiety, wherein (@) the first moisty exhibits specific
binding to the first endogenous protein, wherein the first endogenous protein binds {o the
target qene, or {0 a region near the target gene {e.g., a promoter, a regulatory region); (b)
the second moiety exhibifs specific binding o the second endogsenous protein distinet from
15 the first endogenous protein; and (¢) upon contacting the cell, the first endogenous protein
and the second endogenous protein are bound to the compound to form a complex to yield a
gain-of-function in the cell, wherein the gain-of-funclion is characterized by modudating
axpression of the target gene in a manner dependant on the presence of the sscond
endogenous protein bound o the compound. The method further provides that the
20 expression of the target gene is modulated in less than or equal to about 16 hours after the
contacting.
Further provided herein are compositions and systems suitable for performing any of
the aforementionsad methods, as described further hersin.
As summarized above, the present disciosure provides methods of reguiating
25 expression of a target gene in a cell, and systems and compositions to achieve the same.
The methods may be viewed as inducible methods of regulating expression of a target gene.
As the methods are inducible, the regulation of expression of the target gene is not
constitutive, but instead occurs in responses to an applied stimulus, e.g., the provision of a
compound as described in greater detail helow, in the cell. As the methods are methods of
30 inducibly requlating expression of a target gene, they are methods of changing the
expression or expression profile of a larget gene in some manner, e.g., enhancing
expression of a target gene or reducing expression of a target gene. The magnitude of
change In expression {reiative to a suilable control, e.q., an idenlical system but for the
absence of the compound), may vary, where in some instances the magnitude of the
35 change, e.g., enhancement or reduction, is 2-fold or greater, such as 5-fold or greater, e.q.,
10-fold or greater. The {arget gene can ba any gene, as described herein or known in the

art. The target gene can be a wild-type gene or a mutated gene.
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As summarized above, the present disclosure provides methods of reguilating the
expression of a target gene (including without imilation a BCLE target gene). The term gene
refers {0 a genomic region that encodes a functional RNA, including non-coding RNAs,
microRNAs, enhancer RNAs or RNAs that may be transiated into g protein product. The
term gene is used in its conventional sense to refer to a region or domain of a chromosome
that includes not only a coding sequence, e.g., in the form of exons separaled by introns, but
also regulatory sequences, e.q., enhancers/sitencers, promoters, terminators, non-coding
RNAs, micro RNAS etc.

The specific target gene that is the focus of a given method may vary. The target
gene can be any gene of interest whoss exprassion is to be modulated by the compositions,
systems, and methods provided herein. In some instances, the target gene is a gsns whose
expression is to be enhanced. Non-limiting examples of genes whose expression is to be
enhanced by the compositions, systems, and mathods provided herein, include pro-
apoplotic genes (e.g., PUMA (BBC3), BIM (BCL2L 11}, BID, BAX BAK, BOK, BAD, HRK,
BIK, BMF, and NOXAPMAIPT). In some instances, the target gene is a gene whose
exprassion is to be inhibited or reduced. Non-limiting examples of genes whose exprassion
is fo be inhibited or reduced by the compositions, systems, and methods provided herein
include anti-apoptotic genes, such as BCLE, and genes that promote cell survival and
proliferation, such as MYC. In some instances, the target gene is a therapeutic gene whose
exprassion {e.g., increased or enhanced) can vield a beneficial effect inthe cell oron a
subject, such as, but not limited to, a rate-limiting enzyme (g.g., TPH2), a haploinsufficient
gene (e.q., ARIDIB), etc. In some instances, the target gene Is a gene whose expression
whose exprassion has a harmiful effect on a cell or a subject, and/or causes disease or a
disorder in a subject (e.g., a mulated gene}, and whose expression is {o be inhibited or
reduced by the compositions, systems, and methods provided hergin. In some instances, the
target gene is an over-expressad gene whose expression is io be inhibited or reduced by the
compositions, systems, and methods provided herein, such as, bul not limited to, an
oncogene (&8.g., MYC), a trisomy gene {e.9., a chromosome 21 gene), an amplified gene,
ete.

The above categories of genes are merely exemplary of the types of genes that may
be target genes of the subject methods. Any gene whose exprassion is to be regulated (e.g.,
enhanced, reduced) by the compositions, systems, and methods provided herein can be a
target gene. Additional examples of target genes include, but are not limited to:
developmental genes (e.g., adhesion molecules, cyclin kinase inhibitors,
cytokines/lymphokines and their receptors, determinants of tumor immunogenicity,
growth/differentiation factors and their receptors, immune-checkpoint receptors and ligands,
neurctransmitters and their receptors); mcsggges (e.q., ABLI BCLI BCL2, BCLS, CBFAZ,
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CBL, CSFIR, ERBA, ERBB, EBRB2, ETSI, ETS1, ETV6, FOR, FOS, FYN, HCR, HRAS,
JUN, KRAS, LCK, LYN, MDM2, MLL, MYB, MYC, MYCLI, MYCN, NRAS, PIM 1, PML, RET,
SRC, TALI, TCL3, and YES); tumor suppressor genes (e.g., APC, BRCA 1, BRCA2,
MADH4, MCC, NF 1, NF2, RB 1, TP53, and WTI); enzymes (e.g., ACC synthases and
oxidases, ACP desaturases and hydroxylases, ADP-glucose pyrophorylases, ATPases,
alcohol dehydrogenases, amylases, amyloglucosidases, catalases, cellulases, chalcone
synthases, chitinases, cyclooxygenases, decarboxylases, dextrinases, DNA and RNA
polymerases, galactosidases, glucanases, glucose oxidases, granule-bound starch
synthases, GTPases, helicases, hemicellulases, integrases, inulinases, invertases,
isomerases, kinases, lactases, Upases, lipoxygenases, lysozymes, nopaline synthases,
octopine synthases, pectinesterases, peroxidases, phosphatases, phospholipases,
phosphorylases, phytases, plant growth regulator synthases, polygalacturonases,
proteinases and peptidases, pullanases, recombinases, reverse transcriptases, RUBISCOs,
topoisomerases, and xylanases); chemokines (e.g. CXCR4, CCR5), the RNA component of
telomerase, vascular endothelial growth factor (VEGF), VEGF receptor, tumor necrosis
factors nuclear factor kappa B, transcription factors, cell adhesion molecules, Insulin-like
growth factor, transforming growth factor beta family members, cell surface receptors, RNA
binding proteins (e.g. small nucleolar RNAs, RNA transport factors), translation factors,
telomerase reverse transcriptase); and the like.

As described above, in some instances, the target gene is a therapeutic gene (e.g., a
gene that, when expressed, has a beneficial effect on a cell or a subject). Examples of
therapeutic target genes suitable for regulation using the compositions, systems, and
methods provided herein include, but are not limited to, those provided in Table 1 below.

Table 1: Examples of therapeutic target genes

GAMT FHDC1 ANKHD1- AoC2 PHKB DSE PLEKHH1 €0G2 PPCS ATP1B2
B3GALNT2 PNOC EIF4EBP3 TLE3 SLC9A3R1 MROH6 CNNM4 VASN GPAA1 CLEC17A
HEXIM1 ATG2A TMOD3 Aoc3 ERICD RDH10 ZNF720 SCARNA9Y PSMC3IP LINC00926
CFAP70 RPL23AP97 FOS PLXNC1 MED29 PSMG3-AS1 KLRA1P ADCK1 MAP1LC3B CDK2AP2
HPCAL1 CI90RF25 DHRS2 UsPe ADRA2A DNAJB4 LINC02035 ASTL NEU1 SCG5
C120RF76 ZNF497 ASPRV1 FBXWS8 H4C15 INF627 RPS4XP16 WNK4 GSE1 MPHOSPH8
TMEMS81 CFD GNMT CD160 H4C14 ACP4 SLC12A6 ADCKS CTSK FAMS2A
GRIN3A SNORD3B-2 TUBB4B ADAMTSL4- DGKQ PHACTR1 LRRN4 PLPP4 CPB2-AS1 ALDH16A1
CAPN14 SNORD3B-1 TUBB4A As1 FSCN1 AMH RSAD2 FBXL6 LINC01004 CAPS
MT-TA HHLA3 ADAT3 FAM106A STAG3L5P- TRIM45 MEIG1 SUGP1 AsIC3 CD86
ccs ITSN1 MAP1A ADAMTSL4- PVRIG2P- ERVMER34- MTUS2 JPT1 WBP1LP2 VWCE
MTHFD2 uxs1 SPSB3 As2 PILRB 1 ALOX12-AS1 | FAMS9B H3-3B UBE3B
ARMC5 H2AC17 cupP1 EMC1-AS1 GLYR1 SMIM14 MAPK8IP2 ARL6IP1 STK31 HDLBP
HSPALA TEX29 SLC7A5P1 GOLM1 LINC02447 FAM209A SNORC NUMA1 SDCBP2-AS1 NDRG1
TNFSF9 TMEM187 NMNAT1 VRK3 ANKRD33B RALGAPA2 PSMD6-AS2 PITPNB ZFR TMEM242
TARS1 ASB16-AS1 FOSB SLCIB1 LINC01232 LRRCBA NIN CREBRF PYY2 ASB16
LINCO0641 H2AC19 NDUFA4L2 PNRC1 LINC02202 VPS33B 123A JMID1C IGIP REM2
ASF1B CHTF18 RPL23AP53 SDCBP2 CNP ALMS1P1 APLF ZBED5-AS1 RFTN2 TMEM128
TCL6 RNF213 LINC00868 KIAA1614 INSIG1 HTR3B SUB1 RASSF2 BOLA3-AS1 CSKMT
PLCD3 FCRLB ZNF213 SKI H2BC19P CIRBP PARS2 CHTF8 HCK LINC00910
HSPALB RPSAP58 LGR4 PDCD4 KRCC1 BPGM UBAP1L RASSF3 GAN CMTR2
EMC3-AS1 H2AC11 ZNF333 SQSTM1 CORO1C KLF5 ULK1 ZNHIT2 RTN4IP1 MORC3
CYFIPL PDGFD BSCL2 SLC25A34 RNF213- KLF2 ALDH8A1 TSPAN7 FOXD2-AS1 OR2B6
CNTF NAPRT FH 0SBP2 ASl SLC25A18 BCORL1 FTH1 PNPLA7 CA14
SERPINE3 HMOX1 CDKN1B NATD1 C10RF50 PPM1D TECPR2 FAM53C PNPLA2 BORCS6
21
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RETSAT NKX3-1 CDKN1A CCNT1 SNN PFKL CALM1 ARL6IP4 RANP4 REPS2
XYLT1 IER2 TCF25 GPS2 SESN2 MYO1A MINCR SOX9 H2AX OPN3
CRABP2 LINC00894 PRSS27 LSMEM1 PMEPA1 DNAJA4 LINC01176 APOE AHCY GBAP1
NPIPB13 IER5 MAP2K4P1 DLST SESN3 DOP1B SLC23A3 RNA5-8SN2 TNFRSF13B PCDHB19P
IERSL JUNB GUCA1B FOX03 ZNF528 QTRT1 HNRNPCP7 PPP1R10 CTNNB1 TCAF1
SLC5A3 IER3 FSTL1 PAPSS2 ANKRD11 TXNIP NUDT4P2 RNA5-8SN1 MIR663B LRRIQ3
TOB2 GSDME TMEMS54 SH3BP5-AS1 | LINCO1588 DTL RBM26-AS1 RNA5-8SN3 PTMS SGMS1-AS1
TOB1 DUSP5 EFCAB8 KIAA0513 SRGAP2 NPIPB2 HS6ST1 ARGLU1 CRIP1 PSPN
NXF1 FUCAL TUBAIA BCL2L11 RAB4A KCTD13 MRNIP RALGPS2 MIRG63A ARHGEF18
CRACR2B GPR18 GLI4 ZFP36 FIRRE D226 CASP16P PPM1K-DT NUDT4 H2AC5
MSANTD2 WDR37 SUMO2P17 RBBP6 TRIME6 Ler C€CDC102B CTSB NPW ESR2
CYP2D6 COLCA2 LFNG TUBB3 ZKSCAN2 NECTINA PARD6G TMEM150A ENC1 ACSF2
FAM120C JUN TMSB4X HAS1 PDCD4-AS1 NPIPB7 AKAP3 1ZUMO4 CXCR4 NR4A3
MSANTD1 DUSP4 C160RF74 FLNA ZKSCAN1 €CDC62 TONSL LINC01145 SERTAD1 TBCK
FAM120B RARA-AS1 ING4 HAS3 C10RF162 HDACS5 NNAT FFARL CHRNA10 ADGRF1
PIPAK2A coLcal H3C14 ZNF789 KCNJ14 EIF4A3 NHLH1 LINC00293 SPTAN1 MXD1
HOXA4 PTCH2 H3C15 TSPOAP1 ELAC1 ALAS1 INTS6-AS1 ZNNTL CORIN AMACR
MVBI12A WDR31 ADAMTSLA CLBA1 ASMTL SMIM29 SHOC2 CLDN11 GDF11 C160RF46
HES1 NIPA2 LIMD1-AS1 ZNF425 OGA DNHD1 LINC02137 LAT2 C€cpC1s57 RSRP1
PKNOX2 CSNK1G2- MIR22HG C110RF68 NSUN5P1 ZBTB43 TSSK5P TG CPSF6 ACBD4
ST3GAL3 As1 RPL13P5 NDOR1 BMX LENG8 Hacs P4HAL TGFB1 LY86-AS1
LINC01963 TMEM175 ZSWIM6 LINC00476 BCL6 PPM1K H4C8 ALDH6A1 PUS3 GCM1
RPL32P29 SIRT3 NUDT14 LINC02413 SP6 STIM2-AS1 LINC01089 KCNS1 H2BC8 MXD4
JUND FAM222A STUM SLC16A4 BCL2 PIK3C2B MIR3648-1 PTPRB HNRNPA1P59 | MIDN
LINC00672 ADIL TMEM44-AS1 | NIFK-AS1 ZNF878 HHEX EGR3 ID3 G6PD ccpci21
MIR663AHG LINC00847 MYLIP LDLR SLC26A4 POLR2A MIR3648-2 CCNG2 H2BC6 §Ys1
ABCA7 PXMP2 PTPN1 C210RF58 NFE2L3 EFR3A SURF1 RTCA-ASL H2BC7 KLHL15
CEL BHLHE41 RBM15 ccpc7 MIPEP KCTD21 ARRDC1 RAPSN UNC5CL ARHGAP17
WDRS3 RAPGEF1 HSPA6 SLC15A2 SLC25A4 HAUS8 PAQR6 PABPC1 H2BC4 LTBP2
H1-2 PCYOX1L LIMK1 FBX039 NUFIP2 WDR6 ST6GAL1 TAX1BP3 H2BCS DAPP1
KLF15 ZNF236-DT RHBDD2 LINC00273 FAM149B1 INF846 HSD17B1P1 ALDOC DNAJB13 NR4A1
EIF1 IL18BP SETD1B RBPMS RPL21P40 MIF-AS1 GADD45B ARHGEF9 ARID3A NME1-
CCSAP ZNF233 H2BC17 RABL2A ORC6 TRIM28 ARRDC3 RANBP10 ARID3B NME2
EHD1 ZNF596 TICRR CYB561A3 LBH SPDL1 CRY2 ZCCHC14 PDPK1 RGS2
ABTB2 BTG2 GVOQW3 TNFRSF10D MDK TNFAIP8 MASP2 CSRNP2 DCXR uBsB
SLC6A8 BTG1 TGFBR1 LRP4-AS1 DNAJB1 SMG1P2 TRIB3 FASTKD1 DSTNP2 FAM174B
C120RF49 LRRC39 coas CNR1 HSPB1 PMEL C€cDC168 FAM43A KCTD5 NMRK1
PARD6G-AS1 LITAF ARHGAP27P2 | TOGARAM2 MFSD3 SMG1P3 HMGCL FMNL1 FMNL2 CDH23
GPRASP2 SHB GCNA REELD1 MKNK2 OSER1-DT CD27-AS1 ALDH1A3 TRAPPC6A usp32p2
DLGAP4 WDR25 TCTE1 POLH. CCDC180 INF192P1 ALDH2 INAFM1 GALE ABCC5
BRD2 MED19 IQCN MAP6D1 SCN3B SMG1P6 H2BC21 PITHD1 PPDPF
NANOS1 PINK1-AS ACTA2 PAOX CFAP43 TRPS1 ABHD17A
ANKRD30BL CASP10 MYH3 UCN RBEM14 SMG1P7
SLC2A11 TRIM4 LPIN1 D11 PDLIM7 ALOX12
CDKN2B EEF1D C20RF42 TMED7- CHD2
ZNF580 H2BC11 DIPK1B TIcAM2
STAT2 H2BC12
DGAT1
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In some instances, the farget gene is a non-coding gene. Non-ceding genes of

interes! include, but are not limited {o, those provided in Table 2.

5 Table 2. Non-limiting examples of non-coding genes.

MIRGE3AHG LINCOOB47 LINGO06841 Snhgl6é
MIRSB3A LINCO1089 LINCD2035 Snhg3
MIR663B LINCO1963 LINC02447 Snhg4
MIR3848-1 LINC02413 LINCDOB72 Snhgd
MIR3648-2 LINCD1588 LINCO1232 Snhgt
MIRZ2HG LINCO1178 LINCO1004 Snhgs
LINCOO273 LINCO0824 ENORD3B-2

LINCO2202 LINCO1145 SNORD3E-1

LINCOOBGS LINCO0228 Mir22hg

LINCOO476 LINCOOS10 Snhgt

LINCG2137 LINC00293 Snhgt2

Genes that may be targeied by one or more compounds as provided herein (e.g., a
chemical inducer of proximity (CIP), a transcriptional chemical inducer of proximity (TCIP),
10 ete)) are also provided in PCT application serial no. PCT/US2021/058231, published as WO
2022/088888, tha disclosure of which is herein incorporated by referance in its entirety.
In some cases, a target gene that can be reguiated by the systems, compositions,
and methods provided harein can be a chromosomal gene or an epichromosomal gene. [n
some cases, the target gene can be an endogenous gene. Alternatively, or additionally, the
15 iarget gene can be a helerclogous gene, such as, for example, a gene prasent on a plasmid
or a vector that is introduced {e.g., transfected via a transfection agent, transduced virally,
atc) to the cell. Prior to being regulated by the systems, compositions, and methods
provided herein, such heterologous gene may or may not have been infegrated into the
genonte of the cell.
20 As described herein, the compaositions, systems, and methods provided herein
involve the use of compounds that have at least a first molety and a second moiaty, where

the first moiely specificaily binds to g first endogenous protein expressed in a larget cell, and

23
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the second moiety specifically binds to a second endogenous protein expressed in the target
cell. A moiety of the compound may be referred to as a ligand throughout the present
disclosure, and the terms “moiety” and “ligand” {or "moieties” and “ligands™ may be used
interchangeably herein. The first endogenous protein and the secand endogencus proteins
are each originated from and are expressed in the cell. in particular, the first endogenous
protein and the second endogenous protein are both present or expressed in the cell at the
time in which a compound (e.g., including CIP or TCIP) disclosed herein is adminisiered,
The compositions, systems, and methods provided herein, generally do not reguire
concurrent exogenous introduction (such as transfecting, transducing, and the like) of the
first and/or the second endogenous protein into the cell to which a subject compound is
administered in order {0 achieve the gain of funclion. The compositions, systems, and
methods provide specificity such that the gain of function is only achieved in a specific target
cell where both the first endogenous protein and the second endogenous profein are
axpressed. In some embodiments, the compounds of the disciosure comprise at least a first
moiety and a second moeiety that bind o at least a first endogenous protein and a second
endogenocus protein, thereby forming a temary complex between the compound, the first
endagenaus protein, and the second endogenous protein. The first endogenous profein and
the second endogenous protein are associated in spatial proximity to one another.

The ternary complex (e.g., between the compound, the first endogenocus protsin, and
the second endogenous protein) is a non-naturally occurring complex that would otherwise
not exist in the cell in the absence of the compound and both the first and second
endogenous proteins. Accordingly, such & compound may be referred {o herein as a
“chemical inducer of proximity” or a "CIP”. In some cases, such as when the compound
hinds to an endogenous anchor transcription factor and an endogenous transcription
madulating factor, the compound may be referrad to hergin as a “transcriptional chemical
inducer of proximity”, a “transcription chemical inducer of proximity”, or a “TCIP®. The first
and second moeieties of the compound can be derived from naturally occurring and/or
synthetic subsiances. Applicable and readily observable or measurable criteria for selecting
the moisties can include, but ars not limited to: (A) the molety is physiclogically acceptable
{&.g., lacks undue toxicity towards the cell or animal for which it is {0 be usad); (8) the moisty
has a reasonable therapeutic dosage range {(8.g., as ascertained by yielding a desired
expression profile of a target gene, or a desired cellular activity in the cel); (C) the moisety
can cross the celiular and other membranes, as necessary, and/or (O) the moiety binds to
ane or more target domains of the first and/or second endogenous protein, such as an
endogenous anchor transcription factor and/or an endogenous transcription modulating
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factor as provided herain). For example, a desirable criterion is that the compound is
chemically stable and capable to form the complex. In some instances, a moiety (e.g., the
first and/or second moiety) of the compound can be non-peptide and non-nucleic acid.
Alternalively or additionally, at least a porlion of the first and/or sscond molsty of the

5 compound can be a peplide andfor a nucleic acid.

A composition comprising at ieast the compound {e.g., a pharmaceutical
composition) can be administered to a subject, 8.g., (o treat a condition or & disease of the
subject. A mods of the administration can be, for example, intraarticular, oral, parenteral,
intravenous, intrarmuscular, rectal, cutansous, subcutaneous, topical, ransdermal,

10 sublingual, nasal, vaginal, intravesicular, intraurethral, intrathecal, epidural, aural, and/or
ocular administration. For example, the composition can be taken orally {e.g., compounds
that are stable in the gastrointestinal system and can be absorbed into the vascular system).

The compounds can be small molecules. The compounds can be non-toxic. By
smali molecule is meant a molecule having a molecular waight of 5000 g/mole (Dailton) or

15 less, such as 2500 g/mole (Dalton) or less, including 1000 g/mole {Dalion) or less, e.g., 500
g/mole (Dalton) or less. In some instances, the CIF employad in embodiments of the
disclosure has a molecular weight ranging from 250 {0 1500 g/mole, such as 300 to 1200
g/mole.

The compound can comprise a plurality of moistiss (such as a first and second

20 moiety) to bind to a plurality of endogenous proteins, respectively. Within a single
compound, the first and second moietisas can be coupled or linked to one another via a linker
{8.¢., a linker having at ieast one gtom). The linker can be present {o provide a distance
{2.9., & desired distance) between the two moieties. Altarnatively, the two moieties can be
directly coupled to one another in absence of a linker {(e.g., the two moisties can be coupled

25 o one another via a dirsct chemical bond belween two atoms of the two moieties). For
example, the compound can comprise two moieties with a chemical bond dirsctly betwsen
the two moisties, such that the two moieties of the compound form two sides (or two
surfaces) of the compound that each bind to its respective protein.

The compound can comprise a plurality of moieties, each moliety bindingto a

30 different endogenous protein. For example, the compound can comprise at least orup to
about 2 molisties, at least or up 1o aboul 3 moieties, at least or up to about 4 moieties, at
least or up to about & moisties, at least or up {0 about & molsties, at least or up to abowt 7
moisties, at least or up o aboul 8 moieties, at least or up to about 8 moieties, or at least or
up ta about 10 moieties. The compound can bind to and form a complex with at least or up

35 to 2 endogenous proteins, at least or up to 3 endogenous proteins, at leastorup o 4
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endogenous profeins, at least or up fo § endogenous proteins, at least orupto 6
endogenous proteins, at least or up to 7 endogenous proteins, at leastorup to 8
endogenous proteins, at least or up to 8 endogenous proteins, or at least orup to 10
endogenous profeins. In some cases, at least one of the endogenous proteins can be a

5 wild-type protein or @ mulated protein comprising one or more amino acid mutations (e.g.,
one of more point mutations, one or more amino acid insertions, one or more amino acid
deletions, ong or more amino acid translocations, and the ike) to cause the mutated protein
to exhibit a function or activity that is different from the wild-type protein. For example, the
mutated protein can be a disease-causing protein, such as a mutated protein whose activity

10 promotss survival, proliferation, and/or spread of a diseased cell (e.g., 2 cancer cell). In
some cases, the protain can be expressed from a wild-type gene or from a mutated gene or
a mutated protein arising from a fusion transcript (8.g., due to chromosomal rearrangement,
transcriptional errors in splicing, inversions, interchromosomal or infrachromosomal
transiocation, chramothrypsis, sic).

15 In some cases, the first endogenous protein is a protein that binds to a target gene,
or to a region near a target gene, such as a promoter or a regulatory region. The first
endagenaus protein may bind o the target gene, or a region near the farget gene, in the
absence of the compound. In some cases, the binding of the first endogenous protein to the
target gene (or region near the {arget gene) may be direct binding. in other cases, the

20 binding of the first endogenous protein o the target gene {(or region near the target gene)
may be indirect binding, such as by binding to one or more co-factors, which co-factor(s)
binds directly to the {arget gene. The first endogenous protein may bind to & molety of the
compound and form a ternary complex with the compound and the second endogenous
protein. In such scenarios, the first endogenous profein (in the ternary complex) may bind to

25 the farget gene, or a region near the target gene, and bring the second endogenous protein
into close proximity to the target gene, or the region near the targst gene. In some
embodiment, the first endogenous protein may act as an “anchor protein” because the first
endogenous protein anchors the ternary complex to the target gene, and, specifically when
the first endogenous protein is a transcriplion factor, § may act as an "anchor franscription

30 factor”. In some cases, the first endogenous protein may regulate expression of the target
gene in the absence of the compound. For example, the first endogenous protsin may
enhance expression of the {arget gene or may reduce or inhibit expression of the target
gene, in the absence of the compound. In other examples, the first endogenous protein may
nat have any effect on expression of the targst gene (e.g., the first endogenous protsin may

35 bind {o the farget gene (or region naar the target gene) but not have any effect on
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expression of the target gene. The first endogenous protein can be any profein that can bind
{e.g., directly or indirectly) to the target gene, or a region near the arget gene, regardless of
whether or not the first endogenous protein has any sffect on expression of the target gene.
in some instances, the first endogenous protein can be a transcriptional modulator, such as

5 atranscription factor, a transcriptional aclivator, a transcriplional repressor, and/or an
epigenetic modulator and/or a signaling intermediale such as but not limited to a kinase or
phosphatase.

The first endogenous protein can bind (e.q., directy or indirectly) {o a coding
sequence (or a portion of the coding sequence) of the target gens. Alternatively or

10 additionally, the first endogenous profsin can bind (e.q., directly or indirectly) to a non-coding
sequence of the targst gene, such as a regulatory region of the coding sequence, such as
an enhancer sequence, a promaoter sequence, a COAAT box, a TATA box, and the like.
Alternatively or additionally, the first endogencus profein can bind (e.g., directly or indirectly)
o a sequence near the coding sequence of the targset gene. For example, the first

15 endogenous profein can bind {0 a sequence at least or up 1o aboul 1 nucleohase, at least or
up to about 2 nuclegbases, at lsast or up o about 5 nucleobases, at least or up to about 10
nuclecbases, at least or up to about 15 nuciecbases, at least or up to about 20 nuclechases,
at least or up to about 30 nuclaohases, at least or up to about 40 nuclecbases, at least orup
to about 50 nuclechases, at least or up to about 100 nucleobases, at least or up 1o about

20 200 nucleobases, at least or up to about 300 nucischases, at least or up to about 400
nucleobases, at least or up to about 500 nucieobases, at least or up to about 1,000
nucleobases, at least or up 1o about 2,000 nuclecbases, at least or up 1o about 3,000
nuclecbases, at laast or up to about 4,000 nuclechases, at least or up to about 5,600
nuclechases, at least or up to about 6,000 nuclecbases, at least or up to about 7,000

25 nuclechases, at least or up io about 8,000 nuclecbases, at lsast or up 1o about 9,000
nuclecbases, at least or up to about 10,000 nucleobases, at least or up to about 11,000
nucleohases, al least or up to about 12,000 nuclechases, at least or up to about 13,000
nuclecbases, at least or up to about 14,000 nuclecbases, at least or up to about 15,000
nuclecbases, or at least or up to about 20,000 nuclecbases from the coding sequence of the

30 target gene.

In some cases, the sscond endogenous protein is a protein that, in the absence of
the compound or formation of a ternary complex with the compound, substantially lacks any
effect on exprassion of the target gene, but in the presence of the compound (e.g., whan it
forms a ternary complex with the compound and the first endogenous protein) is recruited o

35 thetarget gene and is capable of requiating expression of the farget gene. In some cases,
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the second endogenous protein is a transcriptional modulator, such as a transcription factor,
a transeriptional activalor, a transcriptional repressor, and/or an epigenetic modulator and/or
a signaling intermediate such as bul not limited {0 a kinase or phosphatase, as dascribed
herein. In some cases, the second sndogenous protein can be a co-faclor of the
5 transcriptional modulator, such as a component of a mediator complex that assists the

transcriptional modulator. An epigenstic modulator can be a protein or & domain that resulis
in the epigenetic modification of DNA, for example chromosomal DNA. Epigenetic
maodifications can include, but are not limited 1o, DNA methylation and demethylation;
histone modifications including methylation and demethylation (e.g., mono-, di-, tri-

10 methylation), histone acetylation and deacetylation, as well as histone ubiquitylation,
phosphorylation, and sumoyiation.

in some cases, the compound can comprise a first moiety (e.g., covalently) linked to
a second moiety, wherein: (i) the first moiety exhibits specific binding to a first endogenous
protein that binds the targst gens or a region near the target gene {e.g.. a promoter, a

15 regulaiory region, ete.); and (i) the second moiety exhibits specific binding to a second
endogencus protein distinct from the first endogenous protein.

In some cases, the second endogenous profein, in the absence of the compound or
absence of formation of the ternary complex, can regulate expression or activity leveis of an
additional {arget gene that is different from the targst gene of the first endogenous protein,

20 Administering the compound {(8.g., CIF or TCIP) to a cell can recruit the second endogenous
protein to form a ternary complex comprising the compound, the first endogenous protein,
and the second endogenous protein, which ternary complex can bind {o the larget gene of
the first endogenous protein and modulate expression and/or activity levels of the target
gene, as abovementionad. The administration of the compound may alsc modulate

25 expression of the additional target gene. For example, recruitment of the second
endogenous protein away from the additional target gene {(of the second endogenous
proteiny and to the {ernary complex may reduce the presence {8.g., amount, concentration,
probability) of the second endogenous protein at or adjacant {o the additional target gene,
thereby disrupting the modulating effect of the second endogenous protein on the

30  expression or activity levels of the additional target gene. in this exampie, the second
endogenous prolein may be recruited away from the additional targst gene to the target
gene, and may modulate expression of the targe! gene. Yet in another example, the
complex may also form at or adjacent to the additional {arget gene to recruit the first
endagenaus protein o the additional target gene, and the first endogenous protein can

35 modulate the expression or activity levels of the additional target gene (8.q., partially or
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antirely reverse the effect of the second endogenous protein on the additional target gene
prior to formation of the complex). For instance, the second endogenous protein may, in the
absence of the compound, reduce (e.g., inhibif} exprassion or activity levels of the additional
target gene, and in the presence of the compound (and formation of the complex), the
axpression or activity levels of the additional target gene may increase (e.q., because the
second endogenous protein has been recruited away from the addilional target gene),;
simultaneously, expression of the target gene may now be regulatable by the second
andogenous protein that is part of the complex. Alternatively, freatment with the compound
{2.g., CIP} and the resuiting formation of the complex may not, or need not, effect
madulation of the expression or activity levels of the additional target gene of the second
endogenous profein,

in some cases, the second endogenous protein may not be configured to regulate
exprassion or activity level of any target gene in abssnce of the compound.

Further provided herein are compounds suitable for use in performing the methods
provided herein.

In various aspects, a compound is provided of formula (1) or {i1):

Adlinker-B () or
A-B {ih
wherein:

{a) A is a first moiety exhibiting specific binding to a first endogenous profein in a call,
wherein the first endogenous protain binds {0 a target gene or a region near a target gene
{e.¢., a promoter, a regulatory region);

(b} B is a second moiety exhibiting specific binding io a second endogenous protein
in the cell that is distinct from the first endogenous protein; and

(¢} the compound spatially complexss the first endogenous protain and the second
endogenous protein to each other to yield a gain-of-function in the cell,

wherein the gain-of-function is characterized by modulating expression of the target
gene in a8 manner dependent on the presence of the second endogenous protein bound to
the compound. In some cases, the gain-of-function is achieved by utilizing less than about
50% of an amount of the second endogenous protein present in the cell. In some cases, the
compound mediates the gain-of-function with an EC50 of less than about 1 micromolar. in
some cases, the first endogenous protein reduces the expression of the target gene in the
absence of the compound and the second endogenous protein enhances expression of an
additional target gene in the absence of the compound, wherein the gain-of-function is
characterized in that (ii{a)) expression of the targset gene is enhanced as compared {o that in
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the absence of the compound, and (ili{b)) expression of the additional target gane is reduced
as compared {o that in the absence of the compound. In some cases, expression of the
target gene is reguiated in less than or equal to about 16 hours.

In some cases, the linker is any linker as described herein, In some cases, the linker
is absent such that moiety A and moisty B are directly linked to each other (8.g., &
compound of Formula (i),

The terms “specific binding,” "specifically bind,” and the like, refer to the abiiity of the
first and second ligands or moisties to preferantially bind directly to their corresponding first
and second endogenous proteins relative to other molecules or moieties in the cell. In
certain embodiments, the affinity between a given ligand or molety and #s corresponding
endogenous prolein when they are specifically bound to each other in a binding complex is
characterized by a KD (dissociation constant) of 10° M or iess, 10° M or less, 107 M or less,
10 M orless, 10° M orless, 100 M oriess, 10" M or less, 1072 M or less, 1013 M or lass,
10" M or less, or 107'° M or less (it is noted that these values can apply to other specific
binding pair interactions mentioned glsewhere in this description, in ceriain embodiments).
First moislies, second moisties, and linkers that may be employed in embodiments of the
disclosure are described in greater detail below. When provided in a cell, e.g., by conlacting
the cell with a compound {e.g., a CIP), the first endogsnous protein and the second
endogenous protein are spatially paired (8.¢., spatially complexed) to one another via the
compound to yield a gain-of-function in the cell, e.g., as described in greater detail below.

The compound as provided herein {e.4., a chemical inducer of proximity or “CIP") can
bind {o a plurality of different proteins (8.9., a plurality of different endogenous proteins) o
spatially complex the plurality of different profeins (or form a complex with the plurality of
different proteins), thereby vielding a gain-of-function in the cell that would otherwise not
axist in the absence of the compound. Ths term “gain-of-function” as used herginrefersto a
function that is achieved in the presence of the compound, which may resulf in the formation
of a termnary complex formed between a first endogenous protein, g second endogenous
protein, and a compound (e.g., a CIP) of the disclosure, said gain of funclion would not
otherwise have been achieved in the absence of the compound. The gain-of-function is not
achieved when either of the first or the second endogenous protein is not expressed in the
cell, where the ternary complex cannot be formed. A non-limiting example of a gain-of-
function, as used herein, is the use of the compounds provided herein o recruit the second
endogenous protein to a target gene such that the second endogenous prolein is capable of
modulating expression of the target gene in the presence of the compound, a function the
second endogenous protein would not have in the absence of the compound. In some
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ambodiments, the sscond endogenous protein has substantially no effect on the expression
or activity levels of the target gene. In some other embodiments | the second endogenous
protein moduiates the target genes in a manner opposite {o that effectuated by the
compound disclosed herein. In some other embodiments, the second endogenous protsin

5 may be an endogenous cancer driver that is recruited o a target pro-apoptotic gene by a
ternary complex formed between the endogenous cancer driver, a first endogenous protein
that binds to the targe! pro-apoptotic gene, and the compound, such thal expression of the
pro-apoptotic gene is enhanced. The number of different proteins bound by the compound to
form the temary complex can be af least or up to about 2 different proteins, at leastorup to

10 about 3 different proteins, at least or up to about 4 different proteins, at least or up to about 5
different proteins, at least or up to about & different proteins, at least or up o about different
7 proteins, at least or up to about 8 different profeins, at least or up o about 9 different
proteins, at least or up to about 10 diffsrent proteins, at isast or up to about 15 different
proteins, or at least or up {o about 20 different proteins. The plurality of different proteins

15 can be different proteins exhibiting different activities (e.q., innate or natural activities) in the
cell, such as, bui not limited {o, binding to and regulating different genes in the cell.

Conventional drug deveiopment invalves the identification of a target and then the
construction of ways to inhibil, degrade, remove the RNA or gene encoding the target. This
conventional means of drug development then requires that the target be largely removsd.

20 in contrast the gain of function approach described herein uses only a fraction of the target
o provide a new therapeutic function to the cell. Advantagsously, the gain-offunction
described herein does not require recruitment of all of the second endogenous protein
presant in the cell. In some instances, only a small fraction of the second endogenous
protein present in the cell need be reciuited o the target gene to achieve the gain-of-

25 function. Not wishing to be bound by any particular theory, the usage of a small amount of
second endogenous protein renders the subject compaosition more efficacious with larger
therapeutic window as compared {o other conventional therapeutics that require large
bivavailability or exposure to be effective. In some instances, the gain-of-function may be
achieved (e.¢., regulation of the target gene by the second endogenous protein in the

30 presence of the compound, which othenwise would not be regulatable by the second
endogenous profein in the absence of the compound) by recruiting 1o the target gene, or by
utifizing, iess than or equal to about 50%, less than or equal 1o about 45%, less than or equal
1o about 40%, less than or equal 1o about 35%, iess than or equal {o aboul 30%, lsss than or
equal to about 25%, less than or equal to about 20%, less than or equal to about 15%, less

35 than orequal to about 10%, less than or equal to about 9%, less than or equal {0 about 8%,
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less than or equal to about 7%, less than or equal to about 6%, less than or aqual to about
5%, less than or equal {o about 4%, less than or equal {o about 3%, less than or equal to
about 2%, or less than or equal to about 1% of an amount of the second endogenous protein
present in the cell

5 In some cases, the gain-of-function may be achieved (g.q., regulation of the target
gene by the second endogenous protein in the pressnce of the compound, which otherwise
would not be regulatable by the second endogenous protein in the absence of the
compound) by recruiting to the target gene, or by utilizing less than or equal to about 50% of
the amount of the second endogenous protein present in the cell. In some cases, the gain-

10 offunction may be achieved by recruiting to the target gene, or by utilizing less than or equal
fo about 10% of the amount of the second endogencus protein present in the cell. In some
instances, the gain-of-function may be achieved by recruiting to the target gene, or by
utilizing, about 1% {0 about 30%, about 1% o about 20%, about 1% to about 15%, or about
1% 1o about 10%, of the amount of the second endogenous profein present in the cell. In

15 some cases, the gain-of-function may be achieved by recruiting to the targetf gene, or by
utilizing, about 2% to about 20% of the amount of the second endogenous protein present in
the cell. In some cases, the gain-of-function may be achieved by recruiting {0 the target
gene, or by utilizing, about 2% {o about 10% of the amount of the second endogenous
protein present in the cell.

20 in some instances, the gain-of-function may be achieved by utilizing at leastorup fo
aboul 1%, at least or up to about 2%, at least or up to about 3%, at least or up to about 4%,
at least or up to about 5%, at ieast or up to aboul 8%, al least or up to about 7%, at least or
up to about 8%, at least or up to about 9%, at least or up o about 10%, at least or up to
about 15%, at least or up to about 20%, at least or up to about 25%, at least or up to about

28 30%, at least or up to about 35%, at least or up {o about 40%, at least or up to about 45%, at
least or up fo about 50%, at least or up to about 55%, at least or up o about 60%, at least or
up to aboul 65%, at least or up to about 70%, at least or up {0 aboul 75%, alleast orup to
about 80%, at least or up to about 85%, at least or up to about 20%, at least or up to about
95%, substantially about 100%, about 1% to about 50%, about 1% to about 45%, about 1%

30 to about 40%, about 1% to about 35%, about 1% to about 30%, about 1% {0 about 25%,
about 1% 1o about 20%, about 1% to about 15%, about 1% to about 10%, about 2% to about
50%, about 2% 1o about 45%, about 2% to about 40%, about 2% to about 35%, aboui 2% to
about 30%, about 2% to about 25%, about 2% {0 about 20%, about 2% {0 about 15%, or
about 2% {o about 10% of the first endogenous protein and/or the secand endogencus

35 protein present in the cell.
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The amount of the first endogenous profein and/or second endogenous protein
required to vield the gain-of-function as provided herein can be ascertained by various
methods, such as, for example, chromatin immunoprecipitation (ChiP) sequencing that can
identify (i) the amount of the first endogencus protein thal is spatially associated with {(e.g.,
bound o) & target gene of the second protein and/or (i) the amount of the second protein
that is spalially associated with (e.9., bound {0) a target gene of the first protein. Such
information can be utilized along with a total of the first endogenous protein and/or the
second endogenous protein to determine a proportion (e.g., percentage) of the first
endogenous protein and/or the second endogenous profein required to yield the gain-of-
function.

The compound as provided herein {e.g., a chemical inducer of proximity or “CIP”) can
bind {o a plurality of different proteins (e.g., a plurality of different endogenous proteins) to
spatially complex the plurality of different profeins (or form a complex with the plurality of
differant proteins), {0 vield a gain-of-function in the call. The gain-of-function can be
characlerized by eliciting or promoting a characleristic in the cell {which otherwise would not
be achieved in the absencs of the compound). Non-limiting examples of such
characteristics in the celi can include death of the cell {e.g., inducing death of the cell within
at most about & days, at most about 4 days, at most about 3 days, ai most about 2 days, at
most about 1 day, at most about 18 hours, at most about 12 hours, at most about 8 hours |
etc., after contacting the cell with the compound, as compared to that in absence ofthe
compound), survival of the cell (g.g., enhancing survival of the cell by at least about 12
hours, at least ghout 18 hours, at least about 1 day, st least about 2 days, al least about 7
days, at least about 2 wesks, at least about 4 weeks, st after contacting the cell with the
compound, as compared to that in absence of the compound), proliferation of the cell (e.g.,
anhancing proliferation of the cell by af least about 1%, at least about 5%, at lsast about
10%, at least about 20%, at least about 50%, at least about 100%, at least about 200%, at
least ahout 400%, elc., as compared to that in absence of the compound), enhanced
expression or activily level of a target gens {(e.g., by at least about 1%, at least about 5%, at
least about 10%, at least about 20%, at least about 50%, ai least about 100%, at least about
200%, at least about 400%, elc,, as compared to that in absence of the compound), reduced
expression or activily level of a target gens (e.g., by at least about 1%, at least about 5%, at
least about 10%, at least about 20%, at least about 30%, at least about 40%, ai least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 0%, or
substantiaily about 100%, as compared to that in absence of the compound}.

In some cases, the compound can mediate the gain-of-function with an EC50 (e.g.,
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for eliciting the characteristic in the cell) of less than or equal to about 10 micromolar, less
than or egual to about 5 micromolar, less than or equal to about 2 micromolar, less than or
equal to about 1 micromolar, less than or equal to about 900 nanomolar, less than or equal
to about 800 nanomolar, less than or equal to about 700 nanomolar, less than or squalto
about 600 nanomolar, less than or egual o about 500 nanomolar, less than or equal io
about 400 nanomolar, less than or equal to about 300 nanomolar, less than or equal to
about 200 nanomolar, less than or equal to about 100 nanomolar, less than or equal o
ahout 80 nanomolar, less than or equal to about 80 nanomolar, less than or equal to about
70 nanamotar, less than or equal {0 about 60 nanomolar, less than or equal to about 50
nanomodar, less than or squal to about 40 nanomolar, less than or equal to about 30
nanomoiar, less than or equal to about 20 nanomolar, less than or equal to about 10
nanomoiar, less than or equal to about 9 nanomolar, less than or equal to about 8
nanomolar, less than or equal to about 7 nanomolar, less than or equal io about 8
nanomoiar, less than or equal to about 5 nanomoiar, less than or equal to about 4
nanomolar, less than or equal to about 3 nanomolar, less than or equal to about 2
nanomaoiar, less than or egual {o about 1 nanomolar, less than or equal to about 0.8
nanamoiar, less than or equal to about 0.8 nanomolar, less than or equal fo about 0.7
nanomolar, less than or equal to about 0.8 nanomolar, less than or equal io about 0.5
nanomaiar, less than or squal to about 0.4 nanomolar, less than or equal o about 0.3
nanomolar, less than or equal {o about 0.2 nanomolar, or less than or equal o about 0.1
nanomoiar. In an example, the compound can mediate the gain-of-function with an EC50 of
less than or equal to about 1 micromolar. In another example, the compound can mediate
the gain-of-function with an EC50 of less than or equal to about 500 nanomolar. In another
example, the compound can mediate the gain-of-function with an ECS80 of less than or equal
to about 200 nanomolar. In another exampie, the compound can mediate the gain-of-
function with an EC50 of less than or equal to about 100 nanomolar. n another example,
the compound can mediate the gain-of-function with an EC50 of less than or equal to about
50 nanomolar. In another example, the compound can mediale the gain-of-function with an
EC5{ of less than or equal to about 20 nanomolar. The term “EC50”, as used hergin in the
context of an in vitro or in vivo assay, generally refers {o the concentration of a test moisty
{e.g., a compound as described herein, such as a small molecule) that induces a response
{e.g., a desired response or g target respoense) that is ahout 50% of the maximal response
{i.e., haifway between the maximal response and a baseline in absence of the test moiety).
in some cases, the gain-of-function may be charactarized by inhibiting the
characteristic of the cell as provided herein. Accordingly, the compound can mediate the
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gain-of-function with an IC50 {e.g., for inhibiting the characteristic of the cell) of izss than or
equal to about 10 micromolar, less than or equal {0 about & micromolar, less than or equal to
about 2 micromolar, less than or equal {o about 1 micromolar, less than or egual to about
300 nanomolar, less than or equal to about 800 nanomolar, less than or equal to about 700
nanomeoiar, less than or equal to about 600 nanomolar, less than or equal to about 500
nanomadar, less than or equal to about 400 nanomolar, less than or squal to about 300
nanomoiar, less than or egual o aboud 200 nanomolar, less than or equal {o about 100
nanomeoiar, less than or equal to about 80 nanomolar, less than or equal to about 30
nanomaiar, less than or equal to about 70 nanomolar, less than or equal to about 80
nanomodar, less than or squal to about 50 nanomolar, less than or equal to about 40
nanomoiar, less than or equal to about 30 nanomolar, less than or equal to about 20
nanomoiar, less than or equal to about 10 nanomolar, less than or equal to about 9
nanomolar, less than or equal to about 8 nanomolar, less than or equal {0 about 7
nanomoiar, less than or egual to about 6 nanomoilar, less than or equal {o about 5
nanomolar, less than or equal to about 4 nanomolar, less than or equal to about 3
nanomaoiar, less than or sgual {o about 2 nanomolar, less than or sgual to about 1
nanamolar, less than or equal to about 0.9 nanomolar, less than or equal to about 0.8
nanomolar, less than or equal to about 0.7 nanomolar, less than or equal io about 0.8
nanomaiar, less than or equal to about 0.5 nanomolar, less than or equal to about 0.4
nanomolar, less than or equal {o about 0.3 nanomolar, less than or equal to about 0.2
nanomoiar, or less than or squal to about 0.1 nanomuolar. The term "IC50", as used herein in
the contexd of an in vitro or in vive assay, generally refers to the concentration of g test
moisly (e.g., 2 compound as described herein, such as a small moleculs) that reduces a
response {e.g., a desired response or a target response} {o about 30% of the maximal
response in absance of the test moialy.

The compound as provided herein (e.g., a chemical inducer of proximity or “CIP”) can
hind to a plurality of different proteins {(&.g., & plurality of different endogenous proteins) to
spatially complex the plurality of different proteins (or form a complex with the plurality of
different proteins), to vield a gain-of-function in the cell. The gain-of-function can be
characterized by modulated (e.g., enhanced or reduced) expression or activity level of a
target gene by the second endogenous protein which, in the absence of the compound, does
not substantiaily affect expression or activity levels of the target gene). In some cases, the
gain-of-function can be characierized in that the expression or activity level of the target
gene is enhanced by at least or up to about 1%, at least or up to about 2%, at least arup to
about 8%, af least or up to about 10%, at least or up to about 18%, at least or up to about
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20%:, at least or up to about 30%, at least or up to about 40%, at least or up to about 50%, at
least or up to about 80%, at least or up to about 70%, al least or up to about 80%, at least or
up o about B0%, at least or up to about 100%, at least or up to about 150%, at least orup to
about 200%, at least or up to about 300%, at least or up to about 400%, at least or up fo
about 800%, at least or up to about 0.1-fold, at least or up to about 0.5-fold, atleast orup to
about 1-fold, al least or up to about 2-fold, at least or up to about 3-foid, at leasi srup o
ahbout 4-fold, at least or up to about 5-fold, at least or up 1o about 10-fold, at least orup o
about 18-fold, atieast or up to about 20-fold, at least or up to about 30-fold, at leastorup to
about 40-fold, at least or up to about 50-fold, at least or up to about 60-fald, al least or up to
about 70-fold, at least or up to about 80-fold, at least or up to about 90-fold, at leastorup fo
aboul 100-fold, at least or up o about 110-fold, at least or up to about 120-foid, at least or up
to about 130-fold, at least or up to about 140-fold, al least or up to about 150-fold, at least or
up to about 200-fold, or at least or up to about 500-fold, as comparsad to that in the absence
of the compound. In some cases, the gain-of-function can be characterized in that the
axpression or activity level of the target gene is reduced by at least or up to about 1%, at
least or up fo about 2%, at lsast or up to about 5%, at least or up to about 10%, at least or
up o about 15%, at least or up to about 20%, at least or up to about 30%, at leastarup to
about 40%, at least or up to about 50%, at least or up o about 80%, at least or up to about
70%, at least or up o about 80%, at least or up 1o about 90%, at least ar up to about 100%,
at least or up to about 0.1-fold, at least or up 1o about 0.5-fold, at least or up to about 1-fold,
at least or up to about 2-fold, at least or up to about 3-fold, at least or up to about 4-fold, at
least or up {o about 5-foid, at least or up to about 10-fold, at least or up to about 15-fold, at
ieast or up to about 20-fold, at least or up to about 30-fold, af least or up to about 40-fold, at
least or up to about 50-fold, at least or up to about 80-fold, at least or up to about 70-fold, at
least or up to about 80-fold, at least or up 1o about 20-fold, or at least or up 0 about 100-Told,
as compared fo that in absence of the compound.

In some cases, the compound can comprise a plurality of different moieties exhibiting
specific binding to a plurality of different endogenous proteins. The plurality of different
endogenocus proteins can comprise (i) a first endogenous protein that effects reduced (or
enhanced) exprassion of a first target gene and (i) a second endogenous protein that effects
enhanced (or reduced) expression of a second targst gene. In such scenarios, the gain-of-
function achieved by the compound can be characterized by changing (e.g., reversing or
inducing an opposite effect on) the expression profiles of the first {arget gene and/or the
second targst gene.

In some cases, the gain-of-function can be characterized in that (1) the expression of
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the first target gene is enhanced by at least or up {o about 1%, at least or up to about 2%, at
least or up to about 5%, at least or up to about 10%, at least or up to about 15%, at least or
up o about 20%, at least or up to about 30%, at leasi or up to about 40%, at least orup to
about 50%, at least or up to about 60%, at least or up to about 70%, at least or up to about
s 80%, at least or up to about 80%, at least or up {o about 100%, at least or up to about 150%,
at least or up to aboul 200%, at least or up to about 300%, al least or up to about 400%, at
least or up to about 500%, at least or up to about 0.1-fold, at least or up to about 0.5-fold, at
least or up to about 1-fold, at least or up to about 2-fold, at least or up to about 3-fold, at
least or up o about 4-foid, at least or up o about 5-fold, at least or up to about 10-fold, at
10 least or up to about 15-Told, at least or up 10 about 20-fold, af least or up to about 30-fold, at
least or up to about 40-fold, atl least or up to about 50-fold, at least or up to about 60-foid, at
ieast or up o about 70-fold, at least or up 1o about 80-Told, at least or up 1o about 90-fold, at
least or up to about 100-fold, at least or up to about 110-fold, at least or up to about 120-fold,
at least or up to about 130-fold, al least or up to about 140-fold, at least or up to about 150-
15 fold, af least or up to about 200-fold, or at least or up {o about 500-fold, and/or (2) the
exprassion of the second targst gens is reduced by at least or up to about 1%, at least or up
o about 2%, at least or up fo about 5%, at least or up to about 10%, at least or up io about
15%, at least or up to about 20%, at least or up to about 30%, at least or up to about 40%, at
least or up to about 50%, at lsast or up to about 60%, af least or up 1o about 70%, at least or
20 upto aboul 80%, at least or up to about 80%, at least or up o about 85%, substantially
about 100%, at least or up to about 0.1-fold, at least or up {o aboui 0.5-fold, al least or up to
about 1-fold, at least or up to about 2-fold, at least or up to about 3-foid, at least orup to
about 4-fold, at least or up to about B-fold, at least or up 1o about 10-fold, at lsastorup fo
about 15-fold, at least or up to about 20-fold, at least or up {o about 30-Told, st leastorup o
25 about 40-fold, at least or up to about 50-old, at least or up to about 80-fold, at least or up to
about 70-fold, at ieast or up to about 80-fold, at lsast or up to about 90-fold, or at least or up
to about 100-fold.
Vice versa, the gain-of-function can be characterized in that (1) the expression of the
first target gene is reduced by at ieast or up to about 1%, al least or up to about 2%, at least
30 orupto about 5%, at least or up to about 10%, at least or up to about 15%, af leastor up to
about 20%, at least or up to about 30%, at least or up to about 40%, at least or up to about
50%, at least or up 10 about 60%, at least or up 1o aboul 70%, at least or up 1o about 80%, at
ieast or up io about 80%, at lsast or up to about 100%, at least or up io about 150%, at least
or up to about 200%, at least or up {o about 300%, at least or up o about 400%, af least or
35 upto about 500%, at least or up 1o about 0.1-fold, at least or up to about 0.5-fold, at least or
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up to about 1-fold, at least or up to about 2-fold, al least or up to about 3-foid, at least or up
to about 4-fold, at least or up to about 5-fold, at least or up to about 10-fold, at leastorup to
about 15-fold, at least or up to about 20-fold, at least or up to about 30-fold, at least orup to
about 40-fold, at least or up to about 50-Told, at least or up {o about 60-Toid, st leastorup to
s about 70-fold, at least or up to about 80-fold, at least or up to about 80-fold, at leastorup to
about 100-fold, ai lsast or up tu about 110-fold, al least or up to about 120-foid, at least or up
to about 130-fold, at isast or up to about 140-fold, at least or up {0 about 150-foid, at least or
up to about 200-fold, or at least or up to about 800-fold, and/or (2) the expression of the
second farget gene is enhanced by at least or up to about 1%, at least or up to about 2%, at
10 least or up to about 5%, at least or up to about 10%, at least or up o about 15%, at least or
up 1o about 20%, at least or up to about 30%, at least or up to about 40%, ai least or up to
about 50%, at least or up to about 60%, at least or up to about 70%, al least or up to about
80%, at least or up to about 80%, at least or up to about 95%, substantially about 100%, at
least or up to about G.1-fold, at least or up {0 about 0.5-fold, atl least or up 1o about 1-fold, at
15 least or up to about 2-fold, at least or up to about 3-fold, at least or up o about 4-fold, at
least or up fo about 5-foid, at least or up to about 10-fold, at Izast or up to about 15-fold, at
least or up to about 20-fold, at least or up to ahout 30-fold, af least or up to about 40-fold, at
least or up to about 50-fold, at least or up 1o about 80-fold, at least or up to about 70-fold, at
ieast or up to about 80-fold, at least or up {o about 90-fold, or at isast or up {0 about 100-foid.
20 In some cases, the gain-of-function achieved by the compaositions, systems, and
methods provided hersin can be characterized by modulated (e.g., enhanced or reduced)
axprassion or activity levels of a target gene {(g.g., by the second endogenous protein in the
presence of the compound, where the second endogensus protein has substantially no
effect on expression or gotivity levels of the target gene in the absence of the compound). In
25 soms other cases, the second endogenous protein modulates the targst genes in a manner
spposite to that effectuated by the compound disclosed herein. In some cases, the
expression or aclivity levels of a target gene may be modulaled (e.g., enhanced or reduced)
in less than or equal to about 16 hours, in less than or equal to about 15 hours, in ess than
or equal to about 14 hours, in less than or equal {o about 13 hours, in less than or equal to
30 about 12 hours, in less than or equal to about 11 hours, in less than or equal {o about 10
hours, in less than or equal to aboul 8 hours, in less than or equal o about 8 hours, in less
than or equal to aboul 7 hours, in less than or equal 1o abouwt & hours, in less than or equal to
about § hours, in less than or equal {o about 4 hours, in less than or equal to about 3 hours,
in less than or equal to about 2 houwrs, or in less than or equal to about 1 hour, after
35 contacting the celi with the compound, as compared to that in the absence of the compound.
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in an example, the expression or activily levels of a target gene may be modulaied (e.g.,
enhanced or reduced) in less than or equal to about 18 hours after contacting the cell with
the compound, as compared to that in the absence of the compound. In another example,
the expression or activily levels of a target gene may be modulaled (e.g., enhanced or
reduced) in less than or equal to about 8 hours after confacting the cell with the compound,
as compared o that in the absence of the compound.

Any modulation of expression level of a target gene as provided herein can be
induced or observed {&.¢., via experimentation) in less than or equal {0 about 48 hours, less
than or equal ta about 42 hours, less than or equal to about 36 hours, less than or equal to
about 30 hours, less than or equal to about 24 hours, less than or equal to about 18 hours,
less than or equal (0 about 12 hours, less than or equal {0 about 10 hours, less than or equal
1o about 9 hours, iess than or equal to about 8 hours, i858 than or equal to about 7 hours,
less than or equal to about € hours, less than or equal to about 5 hours, tess than or equal to
about 4 hours, less than or equal 1o about 3 hours, less than or equal to about 2 hours, less
than or equal 1o aboul 1 hour, less than or equal to about 45 minutes, less than or equal o
about 30 minutss, isss than or equal to about 20 minutes, less than or equal to about 15
minutes, or less than or equal to about 10 minutes.

The first endogenous protein, the second endogenous protein, or both, may effect or
exhibit an activity in the cell, in the absence of the compound and/or in the presence of the
compound. Non-limiting examples of such activity can include one or more members from
franscriptional activation aclivity, transcriptional repression activity, methyliransferase
activity, demethylase activily, dismutase aclivity, alkylation activity, depurination activity,
oxidation activity, pyrimidine dimer forming activity, integrase activity, transposase activity,
recombinase activity, polymerase activily, ligase activity, helicase activity, photolyase activity
or glycosylass activily, acetyitransferase activity, deacetyviase aclivity, kinase activity,
phosphaiase activity, ubiquitin ligase aclivity, deubiquitinating activity, adenylation activity,
deadenylation activily, SUMOylating aclivity, deSUMUOyiating activity, ribosylation aclivity,
deribosylation activily, myristoylation activity, remodeliing aclivity, protease activity,
oxidorsductase aclivity, transferase activity, hydrolase aclivity, lyase aclivity, isomerase
activity, synthase aclivity, synthetase activity, and/or demyristoylation activity. The first
endogenous profein, the second endogenous protain, or both, may exhibit such activity in
the absence of the compound (€.9., & chemical inducer of proximity or “"CIP"). Alternatively
or additionally, the firsi endogenous protein, the second endogenous protein, or both, can
effect or exhibit such activity in the presence of the compound. Vhen bound (o the
compound, the first endogenous protein, the second endogenous protein, or both, can
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exhibit at least or up to about 1%, at teast or up o about 2%, at least or up to about 5%, at
least or up to about 10%, at least or up to about 15%, al least or up to about 20%, at least or
up o about 25%, at least or up to about 30%, at leasi or up to about 40%, at least orup to
about 50%, at least or up to about 60%, at least or up to about 70%, at least or up to about
80%, at least or up to about 80%, at least or up {o about 95%, or substantiaily about 100% of
the activity of the first endogenous protein, the second sndogenous proiein, or both, in the
absence of the compound.

The first endogenous protein, the second endogencus protein, or both (e.g., that form
the ternary compiex with the compound} may be any protein of interest having any desired
activity. Non-limiting examples of the first endogenous protein and/or the second
endogenous prolein may include a secraiory protein, a non-secretory protein, a chaperone
protein, a transposase, an integrase, a recombinase, a resolvase, an invertase, g protease,
a helicase, a methyltransferass, a demsthylase, an acetylase, a deacetylase, a
phosphatase, a kinase, a nuclease, a transcription repressor, a transcription aclivator, a
franscription co-activator, a transcription-protein recruiting profein, a cellular uptake aclivity
associated protein, a nucleic acid binding profein, a nuclsic acid structuring protein, a signal
peptide or profein, a nuclear profein, a cytoplastic or cytosolic protein, a membrane protein
{e.g., fransmembrane profein or intraceliular membrane protein), a non-membrane protein,
any fragment thereof, any variants thereof, and any combinations thereof. In some cases,
the first endogenous protein, the second endogenous protein, or both, can be a transcription
factor, such as a transcription repressor, a franscription activaior, and/or a transcription co-
activator. in some cases, the first endogenous profein, the sscond endogenous protein, or
both, can be an epigeneatic modulator exhibiting enzymatic activity that resulfs in the
epigenetic modification of a target gene {e.g., BNA, such as chromosomal DNA). Epigenstic
madifications can include, but are not limited to, DNA methylation and demethylation,
histone modifications including methylation and demethylation (e.g., mono-, di- and tri-
methylation), histong acetylation and deacetylation, histone ubiguitylation, hisione
phosphorylation, and histone sumoylation. In some cases, a protein as used herein may
refer to the protein in its entirety or a portion {&.g., a fragmentad portion) of the protein, or a
functional domain of the prolein. In some cases, the protein {e.g., the first and/or second
endogenous profein) is a non-viral protein (e.g., a mammalian protein). Alternatively, the
protein (8.¢., the first and/or second endogenous protein) can be a viral protein (8.g., derived
from a viral genoms).

in some cases, the protein (8.¢., first endogenous protein andior second endogenaus
protein) that is bound by the compound is not a protease andfor doss not affect degradation
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of an additional protein. For example, a first endogenous protein and a second endegenous
protein can be bound by a compound to form a ternary complex, and () the first endogenous
protein in the ternary complex does not directly or indirectly induce degradation of the
second endogenous protein and/or (i) the second endogenous protein in the fernary
5 complex does not directly or indirectly induce degradation of the first endogenous protein.

Alternatively, the first endogenous proiein that is bound in the ternary complex may be a
protease and/or may effect degradation of the second endogenous protein in the same
complex.

In some cases, the protein (e.¢., first and/or second endogenous protein) that is

10 bound to the compound as provided harein may be a functional protein, 8.9., exhibiting its
innate or natural function {(e.g., binding, associating with, and/or reguiating expression of a
target gene) prior to compiexing with the compound. Thus, at least a portion of such activity
may be reduced (2.Q., by at least or up 10 about 1%, at least or up 1o about 2%, at least or up
to about 5%, at least or up 1o about 10%, at least or up to about 15%, at least or up o about

15 20%, af lsast or up to about 25%, at least or up {o aboul 30%, atf least or up to about 40%, at
least or up fo about 50%, at least or up to about 60%, at least or up to about 70%, at least or
up o about 80%, at least or up to about 90%, at least or up 1o about 85%, or substantially
about 100%) upon complexing with the compound.

in some cases, the first endogenous protein as provided herein can be, 8.¢., an

20 anchor transcription factor, and the second endogsanous protein as provided herein can be,
&.g., a transcription modulating factor. In such scenarios, the compound may be referred to
as a"TCiP".

in certain non-limiting embodiments, the first endogenous protein includes a BTB
domain. The terms “BTE domain,” "BR-C, ttk and bab domain,” “POZ domain,” and "‘Pox

25 wvirus and Zinc finger domain,” are used interchangeably hergin, and generally referto a
domain (e.qg., a structural domain) of a protein that mediates multimerization of proteins {e.g.,
homomeric dimerization, heleromeric dimerization, efc.). Specific examples of such profeins
are provided in greater detail below {(e.g., see example proleins comprising a BTE domain in
Table 3).

30 In certain non-limiting embodiments, the second gndogenous protein may vary.
Examples of second endogenous profeins include, but are not limited to: BET proteins, e.g.,
BRDZ, BRDS, BRD4, BRDE, BRD7, BRDS, and BRDT, intraceiiular receptors, hormone
recepiors, 8.g., estrogen receptors, androgen receptors, kinases, phosphatases,; efc.

35 First and Second Moisties (A and 8)
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The nature of the first and second moietias (also referred to herein as first and
second ligands), as well as the linker components {(when used), of the CIP compounds may
vary. in any given CIP compound, the first and second ligands are chosen based on the
nature of the corresponding first endogenous protein and second endogenous protein, (o

5 which the moieties bind. Certain non-limiting examples of corresponding anchor (e.g., first

endogenous proteiny and franscription modulating factors (8.9., second endogsnous protein,
and their corresponding ligands are provided below. Specificity of activily with respectio a
particular cell type may be provided through selection of the first and second ligands of the
CiP, which can be configured {o recruit the first endogenous protein and the second

10 endogenous protein in @ manner that provides for desired cell or conditional specificity. For
example, CIPs can be engineered to induce proximity of a first endogencus protein and a
second endogenous protein that are primarily present in a target cell of interest, such that
the CIF exhibils highly sslective activity for that cell. The selectivity of a given CIP may be
described by the following formula:

13
{sslsctively of exprassion of the first endogenous protein} x {selectively of exprassion of the
sscond endogenous protein) x (genomic specificity of the first endogenous protein) =
selectivity of induced activity
20 Examples of first and second moieties (e.9., A and B in the compound formula

provided herein, also referred to herein as first and second ligands) thal may be employed in
various CiPs are reviewed in greater detail below. Suitable first and second moieties, as well
as methods of identifying the same, that may be employed in ClPs of embodiments of the
disclosure are also provided in PCT application serial no. PCT/AUS2021/058231, published

25 as WO 2022/098989; the disclosure of which is herein incorporated by reference.

Linkers
As described above, the present disclosure provides compounds (e.g., CIPs} having
two ligands, ¢.¢., a BCOL-6 (B-cell iymphoma 6} ligand and a second ligand {e.g., BRD4
30 {(bromodomain-containing 4) ligand, an ER ligand, an AR ligand, a CDK ligand, elc., that are
covalently bonded through a linker. VWhen employed, any convenient linker may be
empioyed fo link the first and second ligands 1o each other, Linkers of interest are linkers
that provide for a stable association of the first and second ligands in 2 manner such that the
first and second ligands are capabie of specifically binding to their respective endogenous
35 factors in the cell. As the linker provides for stably associating the first and second ligands
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with sach other, the first and second ligands do not dissociate from each other under celiular
conditions, &.g., conditions at the surface of a cell, conditions inside of a cell, elc. Linkers
may be provided for stable association of the first and second ligands using any convenisnt
hinding, such as covalent ar non-covalent binding, where in some instances the linker
component is covalently bound to both the first and second ligands. Linking protocols of
intersst include, but are not iimited {o, addition reactions, elimination reactions, substitution
reactions, pericyclic reactions, photochemical reactions, redox reactions, radical reactions,
reactions through a carbens intermediate, metathesis reaction, among other types of bond-
forming reactions. in some embodiments, the linkers employ reactive linking chemistry such
as where reactive linker pairs (e.g., as provided by moieties on the ligands and linkers)
include, but are not limited to: maleimidedhiol; thiolfthiol, pyridvidithiolthiol, succinimidyl
iodoacetate/thiol, N-succinimidylester (NHS ester), sulfodicholorpheno! ester (SDF estern), or
pentafluorophenyl-aster (PFP esteryamine; bissuccinimidylester/amine; imidoesters/amings;
hydrazine or amine/aldehyds, dialdehyde or banzaldehyde: isocyanate/hydroxyl or amine;
carbohydrate—periodate/hydrazine or amine; diazirine/aryl azide chemistry;
pyridyldithiol/aryl azide chemistry; alkyne/azide; carboxy-carbodiimide/amine; amine/Sulfo-
SMCC (Sulfosuccinimidyl 4-[N-maleimidomethyllcyciohexane- 1-carboxylate)thiol and
amine/BMPH (N-[B-Maleimidopropionic acidlhydrazide TFAMhiol, azidefriarviphosphine;
nitrone/cyclooctyne; azidefletrazine and formylbenzamide / hydrazino-nicotinamide. In
ceriain embodiments, a linkaer employs a cycloaddition reaction, such as a [1+2]-
cycloaddition, a [2+2]-cycloaddition, a [3+2]-cycloaddition, a [2+4]-cycioaddition, a [4+8]-
cycloaddition, or cheleotropic reactions, including linkers that undergo a 1,3-dipolar
cycloaddition (e.g., azide- alkyne Huisgen cycloaddition), a Disls-Alder reaction, an inverse
electron demand Diels Alder cycloaddition, an ene reaction or a [2+2] photochemical
cycloaddition reaction. In some embodimsnts, the linker may include an alkyi chain, an
alkoxy chain, an alkenyl chain or an alkynyi chain, where the number of carbon atoms in the
chain may vary, ranging in soms instances from 2 to 25, such as 5 t0 20, where one or more
carbon atoms are replaced with NH or CH3-N as reactive functionalities for covalent
bonding.

In some instances, the linker is selected from a group having the following, where n
refers to the total number of carbon or carbon-substituent atoms which may be present, sub-
counted by K, m, and/or o

in some instances, the linker is ssigcted from a group comprising the following,
where n refers to the total number of carbon or carbon-substituent atoms which may be
present, sub-counted by k, m, and/or p:
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a) A Cn alkyl chain, L, including the case where one or more carbon atoms are replaced
with NH or CHa-N

b) A Cn alkoxy chain, L, including the case where one or more carbon atoms are
replaced with NH or CHe-N

) A Cn alkenyl or alkenyloxy chain, L, including the case where one or more carbon
atoms are replaced with NH or CHs-N

s} A Cn alkynyt or atkynyloxy chain, L, inciuding the case where one or more carbon
atoms are replaced with NH or CHa-N

e} Li-Ar-L? or L'-Het-L?, whers L1 and L? can be a bond, alkenyl, alkynyl, alkynyloxy,
alkenyioxy, alkoxy, or alkyl chain, e.g., of 1-10 atoms, that are either carbon or aptionally
substituted nitrogens, such as CHaN{HYCH,, CHOCH,, CsHioOCH,, and others; Aris a8
membered optionally substituted aryl; and Het is a 4 1o 6 membered heterocycloalkylora 8
to 10 membaeared spirocyclic bicyelic heterocycloaltkyl or a2 3 to 8 membered optionally
substiiuted heteroaryl.

In some embodiments, the linker includes a C(1-16) alkyl chain. In some instances,
the linker includes a C(1-18) alkyi chain, wherein one or more of the methylene groups is
replaced by NH or CHs-N. In some instances, the linker includes a C(1-16) alkaxy chain. in
soms instances, the linker includes a C{1-18) alkoxy chain, wherein one or more of the
methylene groups is repiaced by NH or CHa-N. In certain instances, the linker includes a L
Cyelo-L2, Li-HeteroCyclo-12, L1-Ar-L2 or Li-Het-L2 where L' and L2 can be & bond, alkenyl,
alkynyl, alkynyloxy, atkenyloxy, alkoxy, or alkyl chain, where:

cyelo is a C(3-8) cycloalkyl or substituted C(3-8) cycloaikyl;

heterocyclio is a C(3-8) helerocycloalkyl or substituted C{3-8) heterocycloalkyl;

Aris an aryl group or substituted aryl group; and

Het is a heteroary! group or substituled heleroaryl group.

in certain embodiments, the linker is selected from:
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wheare ny, n and p are independently selected from 0 or an integer of from 1-12.

Suilable linkers that may be employed in embodiments of the present disclosure are
further described in Intermational Patent Publication Nos. WG2020219650 and
WO2017185023, as well as U.S. Patent No.10,532,103 and United States Patent Application
Publication No. 20190111143, the disclosures of which are herein incorporated by reference.
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in some embodiments, linkers of interest include those such as described in
international Patent Publication No. WQ2020/2684499, the disclosure of which is herein

incorporated by reference. For example, the linker may be selected from:
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In some embodiments, the linker suitable for use in the compounds of the present
disclosure (e.g., CIP, TCIF) are provided in U.3. Publication Number 2019/0076540A1,

5 which is herein incorporated by reference for ifs disclosure of said linkers.

{628}

In some embodiments, the linker suitable for use in the compounds of the present
disclosurg (e.g., CiP, TCIP) can include one or more members seiected from the following:
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In some embodiments, the Linker is selscted from the group consisting of: Formula

LI, Formula LI, Formula Lill, Formula LIV, Formula LV, Formula LVI, and Formula LVIE
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The present disclosurs provides providing a compound of the disclosure (e.g., a

TCIP or a CIP) into a cell, e.g., as described above, in a8 manner sufficient to induce
proximity of the first endogenous protein and the second sndogenous prolein, e.g., as
described above. Any convenient protocol for providing the CIP compound in the celi may be

5 employed. The paricular protocol that is employed may vary, €.9., depending on whether
the target cell is in vifro or in vivo. In cerlain inslances, the CIF compound is provided in the
cell by confacting the cell with the CIF compound. For in vifro protocols, contact of the CIP
compound with the target cell may be achieved using any convenient protocol. For exampis,
target cells may be maintained in a suitable cuifure medium, and the CIP compound

10 infroduced into the culture medium as described specifically in the figures.

For in vive protocols, any convenient administration protocol may be employed.
Depending upon the binding affinity of the CIP compound, the response desired, the manner
of adminisiration, the haif-iife, the number of cells present, various protocols may be
amployed. Thus, the CiP can be incorporated into a varisly of formulations, .g.,

15 pharmacsutically acceptable vehicles (also referred {o herein as pharmaceutical delivery
vehicles or carriers), for therapeutic administration. More particularly, the CIP of the present
disclosure can be formulated into pharmaceutical compositions to be used for infravenous
administration over a period of days or weeks. This can be done by combination with
appropriate, pharmaceutically acceptable carriers or diluents, and may be formulated into

20 preparations in solid, semi-solid, liquid or gaseous forms, such as {ablets, capsules,
powders, granules, ointmenis (e.g., skin creams), solutions, supposiiories, injections,
inhalants and aerosols. As such, administration of the agents {e.¢., compounds of the
disclosure) can be achieved in various ways, including oral, buccal, rectal, parenteral,
intraperitaneal, intradermal, transdermal, intratracheal, intravenous, infravesical,

25 subcutaneous, inframuscular, elc,, administration. In pharmacesutical dosage forms, the CiPs
may be administered alone or in appropriate association, as well as in combination, with
other pharmaceutically active compounds. The following examples are illustrative and not
limiting. In some cases, the compounds of the disclosure can be formulated and/or
administered in such a way that they can cross the blood-brain barrier.

30 Far oral preparations, the agents {e.g., compounds of the disclosure) can be used
alone or in combination with appropriaie additives o make tablets, powders, granules or
capsules, for example, with conventional additives, such as lactose, mannitol, corn starch or
potato starch; with binders, such as crystalline celiulose, cellulose derivatives, acacia, com
starch or gelatins; with disintegrators, such as com starch, potato starch or sadium

35 carboxymethylceliulose; with lubricants, such as talc or magnesium stearate; and if desired,
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with diluents, buffering agents, moistening agents, preservatives and flavoring
agents.

The agents {e.g., compounds of the disclosure} can be formulaied into preparations
for injection by dissolving, suspending or emulsifying them in an aqueous or nonaguecus

5 solvent, such as vegetlable or other similar oils, synthedic aliphatic acid glycerides, esters of

higher aliphatic acids or propylene glycol, and if desired, with conventional additives such as
solubilizers, isolonic agents, suspending agents, emulsifving agents, stabilizers and
preservatives.

The agents (e.g., compounds of the disclosure) can be utilized in asrosol formulation

10 {0 be administered via inhalation. The compounds of the present disclosure can be
formulated inlo pressurized acceptable propeliants such as dichiorodifiuoromethane,
propane, nitrogen and the like.

Furthermore, the agents {e.g., compounds of the disclosure) can be made inio
suppositories by mixing with a variety of bases such as emulsifving bases or water-solubie

15 bases. The compounds of the present disclosure can be adminisiered rectally via a
suppository. The suppository can includs vehicles such as cocoa butter, carbowaxes and
polyethylene glvcols, which mell at body temperature, yet are solidified at room
femperaturs.

Unit dosage forms for oral or reclal administration such as syrups, elixirs, and

20 suspensions may be provided wherein each dosage unit, for example, teaspoonful,
fablespoonful, tablet or suppository, contains a predetarmined amount of the composition
containing one or more inhibitors. Similarly, unit dosage forms for injection or intravencus
administration may comprise the inhibiter{s) in a composition as a solution in sterile water,
normal saline or another pharmaceutically acceptable carrier.

25 The term "unit dosage form," as used hearein, refers to physically discrete units
suitable as unitary dosages for human and animal subjects, each unit containing a
predetermined quantity of compounds of the present disclosure caleulated in an amount
sufficient to produce the desired effect in association with a pharmaceutically acceptable
diluent, carrier or vehicle. The specifications for the novel unit dosage forms of the present

30 disclosure depend on the particular compound empioyed and the effect {o be achisved, and
the pharmacodynamics associated with each compound in the
host.

The pharmaceutically acceplable excipients, such as vehicles, adjuvants, carriers or
diluents, are readily available o the public. Moreover, pharmaceutically acceptable auxiliary

35 substances, such as pH adjusting and buffering agents, tonicity adjusting agents, stabilizers,
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welting agents and the like, are readily available to the
public.

Those of skill in the art will readily appreciate that dose levels can vary as a function
of the specific compound, the nature of the delivery vehicle, and the like. Preferred dosages
for a given compound are readily determinable by those of skill in the art by a variety of
means.

In those embodimenis where an effective amount of an active agent (8.q., &
compound of the disclosure} is administered o a Hving subject, the amount or dosage is
effective when administered for a suitable period of time, such as one week or longer,
inciuding two weaeks or longer, such as 3 weeks or longer, 4 weeks or longer, 8 weeks or
longer, &ic,, so as (o evidence a desired therapsutic effect. For example, an effective dose is
the dose that, when administered for a suitable period of time, such as at isast about one
week, and maybe about two wasks, or more, up to a period of about 3 weeks, 4 weeks, 8
weeks, of longer, will resuils in a desired therapeutic effect. in some instances, an sffective
amount or dose of active agent (.g., a compound of the disclosure) will not only slow or halt
the prograssion of the dissase condition but will also induce the reversal of the condition,
e, will cause an improvement one or more symptoms of the condition. For example, in
soms instances, an effective amount is the amount that when administered for a suitable
period of time, usually at least about one week, and maybe about two weeks, or mors, up to
a period of about 3 weeks, 4 weeks, 8 weeks, or longer will improve one or more symptoms
of a subject suffering from a disease condition, where the magnitude of improvemeni {e.g.,
as measured using a suitable protocol with relevant control) may vary, for example 1.5-fold,
2-fold, 3-fold, 4-fold, 5-fold, in some instanceas 6-fold, 7-fold, 8-fold, 8-fold, or 10-fold or mare.

In certain embodiments, the methods include removing the CIP from the cell at some
point after provision of the CIP. Removal of the CIF from the cell may be accomplished using
any convenient protocol, e.g., by removing the CIP from the medium in which the cell is
present, by ceasing administration of the CIP to the animal comprising the celi, by contacting
the cell with an inhibitor of the CIP induced proximity, by contacting the cells with a molecule
that displaces the CIP and binds to only one of the first endogenous protein or the second
endogenaous protein, elc. One specific type of inhibifor of the action of the CIF would be a
one-sided molecule consisting of the ligand for either the first endogenous protain or the
second endogenous protein without the linker or other moiety.

As summarized above, the disclosure further provides methods of inducibly
modulating transcription of a target gene. In a non-limiting example, the targst gene is a pro-
apoptotic gene. As described above, proapoptotic genes are genes the exprassion products
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of which promote or cause apoptosis, i.e., programmed cell death that occurs in multiceliular
organisms, which may be characterized by a variety of cell changes, such as blebbing, cell
shrinkage, nuclear fragmentation, chromatin condensation, chromosomal DNA
fragmentation, and gicbal mRNA decay, and death. Specific proapoplotic genes of interest
5 for franscription that may be enhanced in embodiments of the disclosure include, but are not
limited to: PUMA (BBC3), BiM (BCL2L11), BID, BAX, BAK, BOK, BAD, HRK, BIK, BMF, and
NOXA, and the like. in such instances, the magnitude of enhancement may vary, where
examples include from substantially no to some expression, and in soms instances the
magnitude may be 2-fold or greater, such a 5-fold or greater, including 10-foid or greater. In

10 another non-limiting example, the target gene is a survival factor (8.9., BCL-2, BCLX, and
other factors that promote cell proliferation) and exprassion of the survival factor may be
reduced using the compositions, systems, and methods provided herein,

In some instances, the cell is a malignant cell, e.q., a call of a subject suffering from a
malignant condition (such as cancer}, i.e., a cell oblained from such a subject oraceli thal is

15 part of such a subject. For exampie, the cell may be cell having elevated levels of BCLS (or
another BTE domain containing protein) and normal or above normal levels of the other
facior, e.g., ER, BRDM4, target CDK (e.g., COKS, CDK3, and/or CDKTY), AR, elc) suchas a
malignant/cancer cell such as but not limited 1o lung cancer cells (e.g. SCLC), or lymphoma
celis, {8.g., DCBCL) celi, prostatic cancer cells, lsukemia celis, breast cancer celis etc.

20 As summarized above, the present disclosure further provides methods of inducibly
modulating transcription of a target gene. Such methods include providing a chemical
inducer of proximity (CiF) in a cell {8.g., a eukaryotic cell) containing a first endogenous
protein and a second endogenous protein, &.4., as described above, under conditions
sufficient to modulate transcription of the farget gene. The CIP and cell may be as described

25 above. The transcription modulation may vary. in some instances, the modulating includes
enhancing transcription of the gene, e.g., where the gene is beneficial with respect to the
disease condition, &.¢., by enhancing a desired aclivity in the cell, such as increasing
expression of a proapoptotic gene where death of the cell is desired, increasing expression
of a therapeutically beneficial gene where increased amounts of the product of such gene

30 are beneficial with respect to a given disease condition, efc. In such instances, the
magnitudes of enhancement may vary, where examples include from substantially none to
some expression, and in some instances the magnitude may be 2-fold or greater, such as §-
fold or greater, including 10-fold or greater. In some instances, the modulating includes
reducing transcription of the target gene, .g., where the gene is harmful, 8.g., c-myc or a

35 triplet expansion gene, &.4., such as Huntington, efc. In such instances, the magnitude of
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reduction may vary, where examples include from some exprassion to substantially nons, if
any, expression, and in some instances the magnitude of reduction may be 2-fold or greater,
such a 5-fold or greater, including 10-fold or greater.

In some instances, the cell is a celf of a subject suffering from, diagnosed with,
having, or suspectad of having a disease condition, i.e., a cell oblained from such a subject
or a cell that is part of such a subject. Disease conditions from which the subjsct may be
suffering, may be diagnosed with, may have, or may be suspected of having may vary,
where examples of such disease conditions inciude, but are not limited 1o: neoplastic
disease conditions, €.g., cancers, neurclogical conditions, neurodevelopmental disorders,
immune disorders, gastrointastinal diseases, cardiovascular diseases and the like,

The compositions, sysiems, and methods of the disclosure find use in the ireatment
of a variety of different conditions in which the modulation of target gene transcriptionin a
host is desired. By treatment is meant that at least an amelioration of one or more of the
symptoms associated with the condition afflicting the host is achieved, where amelioration is
used in a broad sense to refer {o al least a reduction in the magnitude of a parameter, e.q.,
symptom, associated with the condition being treatsd. As such, treatment alsc includes
situations where the pathological condition, or at least symptoms associated therewith, are
completely inhibited, e.q, pravented from happening, or stopped, e.g., terminated, such that
the host no longer suffers from the condition, or at isast the symptoms that characterize the
condition.

Where the methods are methods of treating a subject for a condition, the methods
may further include assessing that the subject has the given condition, &.¢., 80 as to confirm
that a given CIP is suitable for use in treating the subject for the condition. Any convenient
diagnostic protoco! appropriate for a given condition may be empioyed, where the choice of
such protocol will necessarily depend on the specific condition to be freated.

Non-limiting examples of conditions or diseases of a subject (8.g., a patient} that can
he treated or ameliorated by the compaositions, systems, and methods of the disclosure can
include multiple sclerosis, various malignancies, ciliopathies, cleft palate, diabetes, heait
diseass, hypertension, inflammatory bowsl disease, mental retardation, mood disorder,
abesity, refractive error, infertility, Angelman syndrome, Canavan disease, Cosliac diseass,
Charcot-Marie-Tooth disease, Cystic fibrosis, Duchenne muscular dystrophy,
Haemaochromatosis, Haemophilia, Kiinefeiter's syndrome, Newofibromatosis,
Phenylketonuria, Polyeystic kidney diseass, (PKD1) or 4 (FKD2) Prader-Willi syndrome,
Sickie-cell disease, Tay-Sachs disease, and Tumer syndrome.
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Additional non-limiting examples of such conditions or diseases can include those
caused by a microbial agent or other exogenous agent such as a virus, bacteria, fungus,
protozoa, or other microbe.

In some cases the condition or disease of the subject can be cancer. Non-limiting
examples of cancer can include Adrenocoriical Carcinoma, AlDS-Related Cancers (e.g.,
Kaposi Sarcoma, Lymphoma, etc.), Anal Cancer, Appendix Cancer, Astrocytomas, Atypical
Teraloid/Rhabdoid Tumor, Basai Cell Carcinoma, Bile Duct Cancer (Extrahepatic and
Intrahepatic), Biadder Cancer, Bone Cancer {8.g., Ewing Sarcoma, Osteosarcoma and
Malignant Fibrous Histiocytoma, etc.), Brain Stem Glioma, Brain Tumors (e.g., Astrocylomas,
Central Nervous Systern Embryonal Tumors, Central Nervous System Germ Cell Tumors,
Craniopharyngioma, Ependymoma, eic.), Breast Cancer {e.g., female breast cancer, mails
breast cancer, childhood breast cancer, etc.}, Bronchial Tumors, Carcinoid Tumor (6.g.,
Childhood, Gastrointestinal, etc)), Carcinoma of Unknown Primary, Cardiac (Hsart) Tumors,
Central Nervous System {e.g., Atypical Teratold/Rhabdoid Tumor, Embryonal Tumors, Germ
Cell Tumor, Lymphoma, etc.), Cervical Cancer, Childhood Cancers, Chordoma, Colon
Cancar, Colorecial Cancer, Craniopharyngioma, Ductal Carcinoma In Situ (DCIS),
Embryonal Tumors, Endometrial Cancer, Ependymoma, Esophageal Cancer,
Esthesioneuroblastoma, Ewing Sarcoma, Exdracranial Germ Cell Tumor, Exiragonadal Germ
Cell Tumor, Extrahepatic Bile Duct Cancer, bye Cancer {(8.g., Intraccular Melanoma,
Retinoblastoma, elc)), Fibrous Histiocytoma of Bone (&.g., Malignani, Osteosarcoma, etc ),
Gallibladder Cancer, Gasiric (Stomach) Cancer, Gastrointastinal Carcinoid Tumor,
Gastrointestinal Stromal Tumaors (GIST), Germ Cell Tumor {8.g., Extracranial, Dxdragonadal,
Ovarian, Testicular, efc)), Gestational Trophoblastic Disease, Glioma, Head and Neck
Cancer, Heart Cancer, Mepatocellular (Liver) Cancer, Histioeytosis {e.g., Langerhans Cell,
ale.), Hypopharyngeal Cancer, Intraccular Melanoma, islet Cell Tumors (e.g., Pancreatic
Neuroendocrine Tumors, etc.}, Kaposi Sarcoma, Kidney Cancer (e.g., Renal Cell, Wilms
Tumor, Childhood Kidney Tumors, ete.}, Langerhans Cell Histiooytosis, Laryngeal Cancer,
Leukemia (e.g., Acute Lymphobiastic Leukemia (ALL), Acute Myeloid Leukemia (AML),
Alsukemic Leukemia, Acute Nonlymphocylic Leukemia, Acute Monocytic Leukemia, Acute
Granulocytic Leukemia, Acute Promyelocytic Leukemia, Chronic Lymphocytic Leukemia
{CLL), Chronic Myelocytic Leukemia (CML), Chronic Granulocylic Leukemia, Adult T-cell
Leukemia, Basophylic Leukemia, Eosinophilic Leukemia, Histiocytic Leukemia, Mast cell
Leukemia, Megakaryocytic Leukemia, Blast Cell Leukemia, Leukemia Cutis, Halry-Celi
Laeukemia, Stem cell Leukemia, Leukopenic Leukemia, Lymphatic Leukemia, Lymphoblastic
Leukemia, Lymphocytic Leukemia, Lymphogenous Leukemia, Lymphoid Leukemia,
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Lymphosarcoma call Leukemia, Monocytic Leukemia, Myeloblastic Leukemia, Myelocvtic
Leukemia, Plasma cell Leukemia, Multiple Mysiloma, Plasmacytic Leukemia, Promyslocytic
Leukemia), Lip and Oral Cavity Cancer, Liver Cancer (Primary), Lobular Carcinoma In Silu
{(LCIS), Lung Cancer (e.g., Non-Small Celi, Small Cell, etc.), Lymphoma (Non-Hodgkin

5 Lymphoma or Hodgkin's Lymphoma: &.g. Small Lymphooytic Lymphoma, Mantle Celi
Lymphoma, Follicular Lymphoma, Marginal Zone Lymphoma, Extrancdal (MALT)
Lymphoma, Nodal (monocytoid B-celly Lymphoma, T-cell Lymphoma, Spienic Lymphoma,
Diffuse Large Cell B-cell Lymphoma, Burkit's Lymphoma, Lymphoblastic Lymphoma,
immunaoblastic Large Cell Lymphoma, or Precursor B-Lymphoblastic Lymphoma,

10 Cutaneous T-cell Lymphoma, Peripheral T-cell Lymphoma, Anaplastic Largs Cell
Lymphoma, Mycosis Fungoides, Primary Central Nervous System (CNS) Lymphoma and
Precursor T-Lymphobilastic Lymphoma.}, Macroglobulinemia (e.q., Waldenstrém, ete)), Male
Breast Cancear, Malignant Fibrous Histiocytoma of Bone and Osteosarcoma, Melanoma,
Merkel Cell Carcinoma, Mesothsiloma, Metastatic Squamous Neck Cancer with Occult

15 Primary, Midline Tract Carcinoma involving NUT Gene, Mouth Cancer, Multiple Endocring
Neoplasia Syndromes, Multiple Mysloma/Plasma Cell Neoplasm, Myslodysplastic
Syndromess, Myelodyspiastic/Myeloproliferative Neoplasms, Nasai Cavily and Paranasal
Sinus Cancer, Nasopharyngeal Cancer, Neuroblastoma, Non-Small Cell Lung Cancer, Oral
Cancer, Oral Cavity Cancer {8.g., Lip, etc.), Oropharyngeal Cancer, Ostecsarcoma and

20 Malignant Fibrous Histiocytoma of Bone, Ovarian Cancer (e.g., Epithelial, Germ Cell Tumor,
Low Malignant Potential Tumor, ete.), Pancreatic Cancer, Pancreatic Neurcendocrine
Tumaors (isiet Cell Tumors), Papillomatosis, Paragangliomsa, Paranasal Sinus and Nasal
Cavity Cancer, Parathyroid Cancer, Penile Cancer, Pharyngeal Cancer, Pheochromocytoma,
Pituitary Tumor, Pleuropuimonary Blastoma, |, Prostate Cancer, Rectal Cancer, Renal Cell

28 {Kidney) Cancer, Renal Pelvis and Ureter, Transitional Cell Cancer, Retinoblastoma,
Rhabdomyosarcoma, Salivary Gland Cancer, Sarcoma (e.g., Ewing, Kaposi, Ostaosarcoma,
Rhabdomyosarcoma, Soft Tissue, Ulerineg, ete.), Sézary Syndrome, Skin Cancer (8.G.,
Childhood, Melanoma, Merkel Cell Carcinoma, Nonmelanoma, eic.), Small Cell Lung
Cancear, Small Intestine Cancer, Soft Tissue Sarcoma, Squamous Cell Carcinoma,

30 Sguamous Neck Cancer {(e.g., with Occull Primary, Metastatic, etc), Stomach (Gastric)
Cancer, Testicular Cancer, Throat Cancer, Thymoma and Thymic Carcinoma, Thyroid
Cancer, Transitional Cell Cancer of the Renal Pelvis and Ureter, Ureter and Renal Pelvis
Cancear, Urethral Cancer, Ulerine Cancer {e.g., Endometrial, etc.), Uterine Sarcoma, Vaginal
Cancer, Vulvar Cancer, Waldenstrom Macrogiobulinemia, Wilms Tumor, and the like.

35 Cancers that may be treated further include, epithelial cancers, such as carcinomas, such as
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acinar carcinoma , acinic cell carcinoma, acinous carcinoma, adenoocystic carcinoma,
adenoid cystic carcinoma, adenosquamous carcinoma, adnexal carcinoma, adrenocortical
carcinoma, alveolar carcinoma, ameioblastic carcinoma, apocrine carcinoma, basal cell
carcinoma, bronchicloalveclar carcinoma, bronchogenic carcinoma, cholangicceliular

s carcinoma, chorionic carcinoma, clear cell carcinoma, colloid carcinoma, cribriform
carcinoma, ductal carcinoma in silu, embiyonal carcinoma, carcinoma en cuirassg,
endometrioid carcinoma, epidermoid carcinoma, carcinoma ex mixed twmor, carcinoma ex
pleomorphic adenoma, foliicular carcinoma of thyroid gland, hepatoceliular carcinoma,
carcinoma in si'tu, intraductal carcinoma, Hurthie cell carcinoma, inflammatory carcinoma of

10 the breast, large cell carcinoma, invasive iobular carcinoma, lobular carcinoma, lobular
carcinoma in situ (LCIS}, meduliary carcinoma, meningeal carcinoma, Merkal cell
Carcinoma, mucinous carcinoma, mucoepidenmoid carcinoma, nasopharyngesl carcinoma,
non-small cell carcinoma |, non—-small cell lung carcinoma (NSCLC), oat cell carcinoma,
papillary carcinoma, renal cell carcinoma, scirrhous carcinoma, sebaceous carcinoma,

15 carcinoma simplex, signet-ring cell carcinoma, smali cell carcinoma , small cell lung
carcinoma, spindle cell carcinoma, squamous cell carcinoma, terminal duct carcinoma,
transitional cell carcinoma, tubular carcinoma, verrucous carcinoma, and the like.

A variety of subjects are treatable according to the subject methods. In some
instances, the subjscts are "'mammals” or "mammalian,” where these terms are used broadly

20 to describe organisms which are within the class mammalia, including the orders carnivore
{e.g., dogs and cais), rodentia (e.g., mice, guinea pigs, and rais), and primates {e.g.,

humans, chimpanzees, and monkeys). In some instances, the subjects are humans.

CHEMICAL INDUCERS OF PROXIMITY AND TREATMENT OF MALIGNANCY

oo
wh

In various aspects, the compositions, systems, and msthods provided herein are
particularly useful for the treatment of malignancies (e.g., cancer). In some aspects of the
disclosure, the compaositions, systems, and methods are used for freating malignancies (8.g.,
cancer).

Malignancy is a term for diseases in which abnormail cells divide without control and
30 caninvade nearby fissuss. Malignant cells can ailso spread to other parts of the body

through the blood and lymph systems. There are several main types of malignancy.
Carcinoma is a malignancy that begins in the skin or in fissues that line or covear internal
organs. Sarcoma is a malignancy that begins in bone, cartilage, fat, muscle, blood vessels,
or other connective or supportive tissue. Leukemia is a malignancy that begins in blood-
35 forming tissue, such as the bone marrow, and causes too many abnormal blood cslis to be
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made. Lymphoma and multiple myeloma ars malignancies that begin in the celis of the
immune system. Central nervous system cancers are malignancies that begin in the tissues
of the brain and spinal cord.

Lung cancer is the leading cause of cancer mortality worldwide with 2.2 million new
cases and 1.8 million deaths in 2020 alone (Sung et al., CA Cancer J. Clin. (2021) 71: 209-
248). While pharmacologic and surgical advancements have improved survival in most of
the subtypes of lung cancer, small cell iung cancer (SCLC) remains the most lethal with a
median survival after diagnosis of less than 2 years if identified early and ~1 year for patients
with metastatic disease (Rudin et al., Nat. Rev. Dis. Primers (2021) 7:3. Therefore, novel
therapeutics for SCLC patients is urgently needed.

SCLC is a high-grade neurcendocring carcinoma that reprasents 15% of all lung
cancer cases, which approximates to 250,000 new cases and 200,000 global deaths
annually. About 88% of patients with SCLC have some history of smoking with additional
links to environmental toxin exposures (Varghese et al,, J. Thorac. Oncol. 2014) 9:852-856).
Up to 70% of patients present at TNM stage 1V al the ime of diagnosis with 8% survival by
24 months (Nicholson &t al., J. Thorac. Oncol. (2016) 11:300-311). Al the fime of inilial
diagnosis, the mass is often located centrally with lymph node and/or metastatic
involvement, leading to limited surgical options (Rudin, supra). Genomic characterizations of
SCLC have identifisd simultaneous inactivation of fumor suppressors TRE3 and REB in a
significant proportion of B8CLC cases (George et al., Nature (2015) 524:47-53). Furthermore,
other cellular machinery involved in cell cycle arrest and apoplosis are occasionally
dysregulated in SCLC, such as MYC amplification and BCL-2 amplification (Little et al,
Nature (1983) 306:184-186,; lkegaki st al,, Cancer Ras. (1984) 54 6-8). Howevaer, to date
there has not been a pathway or a molecular target that has been robustly leveraged for
therapeutic development,

The non-Hedgkin lymphomas (NHLs) are a diverse group of blood cancers that
include any kind of lymphoma except Hodgkin's lymphomas. Types of NHL vary significantly
in their severity, from indolent to very aggressive. Less aggressive non-Hodgkin lymphomas
are compatible with a long survival while more aggressive non-Hodgkin lymphomas can be
rapidly fatal without treatment. They can be formed from either B-cells or T-cells. B-cell non-
Hodgkin lymphomas include Burkilt lymphoma, chronic lymphocytic leukemia/amall
iymphacytic lymphoma (CLL/SLL), diffuse large B-cell iymphoma, foliicular lymphoma,
immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma, and manile call
ivmphoma. T-cell non-Hodgkin lymphomas include mycosis fungoides, anaplastic large cell
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lymphoma, and precursor T-lymphoblastic lymphoma. Prognosis and treatment depend on
the stage and type of disease.

Diffuse Large Cell B Cell Lymphoma (DLECL) DLBCL is the most commaon
iymphoma and originates from germinal center B-celis. Frontiine freatment with R-CHOP, an
aggressive and highly toxic regimen, is successful in ~80% of patients but leaves some
patients with permanent newologic or cardiovascular impairment. DLECL that is resistant {o
R-CHOP is difficuli {o freal and an area of significant need. BCLS, MYC, BCLZ and STAT3
are well-established drivers of DLBCL that are targeted by genetic franslocations and
ampiifications that activate them or increase their expression (Pasquaiucci and Dalla-Favera,
"Genetics of diffuse large B-cell iymphoma,” Blood (2018) 131: 2307-2319; Schmitz, et al,,
"Genetics and Pathogenesis of Diffuse Large B-Cell Lymphoma,” N Engl J Med (2018) 378:
1396-1407; and Reddy et al., "Genetic and Functional Drivers of Diffuse Large B Cell
Lymphoma,” Cell (2017) 171: 481-404 e415). These driver events occur in combination with
aach other, in the case of double-hitAriple-hit lymphoma, and with numerous other genetic
alterations that define no less than 5 genestic sublypes of DLBCL (Schimitz et al., supra;
Chapuy et al., "Molecular subtypes of diffusa large B cell ymphoma are associated with
distinct pathogenic mechanisms and outcomes,” Nat Med (2018) 24: 673-680). Clearly new
freatments are needed that are less toxic and engage the problem of multiple drivers for
DLBCL.

Prostate cancer is the second most frequently diagnosed cancer and the sixih
leading cause of cancer death in males, accounting for 14% (803,500) of the total new
cancer cases and 6% (258,400) of the tolal cancer deaths in males worldwide, The course of
prostate cancer from diagnosis {o death is best categorized as a series of clinical stages
based on the exdent of disease, hormonal status, and absence or presence of deteclable
metastases: localized disease, rising levels of prostate-specific antigen (PSA) after radiation
therapy or surgery with no detectable melastases, and clinical metastases in the non-
castrate or castrate stage. Although surgery, radiation, or a combination of both can be
curative for patients with localized disease, a significant proportion of these patients have
recurrent disease as evidenced by a rising level of PSA, which can lead to the deveiopment
of metasiases, especially in the high-risk group--a transition {o the lethal stage of the
disease.

The incidence of cancer continues to climb as the general population ages, as new
cancers develop, and as susceptible populations grow. A tremendous demand therefors
exists for new methods and compositions that can be used to treat patients with cancer.
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CiPs for Treatment of Malignancy

The present disclosure provides methods of treating a subject for a malignancy, e.g.,
lung cancer, upper aerodigestive cancer, hematologic malignancies such as lymphoma,
leukemia, sarcoma, Gl cancer (such as bile duct, pancreatic, liver ,colorectal, esophagesl,
gastric cancer), breast cancer, prostate cancer, CNS malignancies (such as glioblastoma,
astrocytomay), renal cancer, urinary tract cancer, thyroid cancer, melanoma, ovarian cancer,
soft tissue malignancies, utering cancer, cervical cancer ete. As reviewed above,
embodiments of the methods employ a CIP, such as a Transcriptional Chemical Inducer of
Proximity (TCIP)). ATCIP is a compound that induces proximity of a first endogenous
anchor transcription factor, e.g., BCL-8 (and/or a functional homologue thereof), that binds fo
a promoter of the {arget gene, e.q., & proapopiclic gene, and a second endogenous
transcription modulating factor, e.q., a cancer cell driver, e.g., 8 SCLC or DLBCL driver, such
as BRD4 or a CDK (e.g., CDKS, COKSB, CDK7), a prostatic cancer driver, &.g., an androgen
receptor (AR), an estrogen receptor, etc., under intraceliular conditions. As some CIPs of the
disclosurs induce proximity of at least one endogenous transcription factor or epigenstic
regulator with another endogenous transcription modulating factor (e.g., BRD4, a CDK|
astraogen receptor, AR, sic.), such CiPs of the disclosure may be referred {0 as
Transcription-Chemical inducers of Proximity (TCIP). TCIPs of the disclosure may be viewed
as transcriptional and epigenstic Chemical Inducers of Proximity. By "induces praxdmity”,
when used in reference to the compounds of the disclosure (CIPs or TCIPs) is meant that
the first and second endogenous proteins are spatially associated with each other through a
binding event meadiated by the compound, which is configured o simultaneously bind to both
endogenocus proteins, such that the compound may be viewed as a bifunctional compound
or a molecular glue. Spatial association is characterized by the presence of a temary
complex that includes the CIP, the first endogenous protein, and the second endogenous
protein {8.¢g., BRD4, a CDK, estrogen receptor, AR, eic). In the temary complex, each
member or component of the temary complex is bound {0 at least one other member of the
ternary complex. in this ternary compley, binding amongst the various components may
vary. For example, the CIF may simultaneously bind to domains of the first and second
endogenous factors or proteins, thereby producing the ternary complex and desired spatial
association, e.g., which ultimately resuils in the desired transcriptional modulating of the
farget gene. This temary complex is made up of three distinct, non-covalently bound
components, e.q., the first endogenocus protein, the second endogenous protein, and the
CiP. In the example of a TCIP, the ternary complex is made up of three distinet, non-
covalently bound components {e.g., the endogenous anchor transcription factor, the
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endogenous franscription modulating factor, and the TCIP). Further details regarding CiPs
and TCIPs may be found in pending PCT Application Serial No. PCT/US2021/058231
published as WO 2022/088888, the disclosure of which is herein incorporated by reference.

TCIP compounds employed in embodiments of the disclosure may include a first
ligand that specifically binds to the anchor transcription factor, e.g., BCL-6 (and/or a
functional homologue thereof), and a second ligand, which may be a second covalently
linked second Hgand, that specifically binds {o the transcription modulating factor, e.g.,
BRD4, a CLK, estrogen receptor, AR, ete. The first and second ligands may be stably
associated with the other e.4., via a linkage, which linkage may be a bond or g linking group,
e.g., that provides for a covalent linkage between the first and second ligand, either directly
or via a linking group, as desired. In other words, in embodiments the TCIP compounds
inciude a linker component, which may be a bond or a linking moiely, which links covalently
a first ligand that specifically binds to the anchor transcription factor and a second ligand that
specificaily binds to the transcription modulating factor. The terms “specific binding,”
“specifically bind,” and the like, when used in reference to a TCIP, refer {o the ability of the
first and second ligands to preferentially bind directly to their corresponding anchor and
franscription modulator factors relative to other molecules or moieties in the cell.

In some instances, the first and second ligands of the TCIPs are small molecules,
which in some instances each have a molecular weight ranging from 50 Daltons 1o 1000
Daltons, such as o 400 to 800 Dalions. The chemical structures of the first and second
ligands may vary widely, where the first and second ligands may be chosen to provide for
the desired specific binding to the target anchor transcription or transcription modulatory
factors. The first and second ligands may be selected 50 as to have little, if any, impact on
the activity of the endogenous factor, e.g., anchor transcription factor or transcription
madulating factor, to which they are configured to bind.

As summarized above, the present disclosure provides compounds that are chemical
inducers of proximity. Below are specific examples of compounds that may be used in the
compositions, systems, and methods provided herein. In specific embodiments, compounds
of interast include a BCL-G (B-cell lymphoma 6) inhibitor and a BRD4 (hromodomain-
containing 4) igand. In some embodiments, the BCL-6 inhibitor and the BRD4 ligand are
covalently bonded through a linker. In some embodiments, chemical inducers of proximity
include a compound of formua b

{BRorELorCLoraAl)-L-BC )]
where:

EL is a ligand that specifically binds 1o an estrogen receptor;
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BR is a ligand that specifically binds to bromodomain-containing protein 4 (BRD4);

CL. is a ligand that specifically binds to a CDK, e.g., CDKSY, CDKS8 and/or CDKT;

AL is a ligand that specifically binds to an androgen receptor;

BC is a ligand that specifically binds to B-cell lymphoma & (BCL-8) or a BCLE BTR-
s domain family member; and

L is a linker {optional},

or @ pharmaceutically acceptable salt thereof,

In some embodiments, “salts” of the compounds of the prasent disclosure may

include: (1} acid addition salts, formed with inorganic acids such as hydrochloric acid,

10 hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with
grganic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropiconic acid,
ghycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, sthanesulfonic acid,

15 1 2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid,
4-chiorobenzenesulfonic acid, 2-naphthalenesuifonic acid, 4-tolusnesulionic acid,
camphorsulfonic acid, 4-methylbicyelo[2.2.2]-oct-2-ene-1-carboxylic acid, glucohepionic
acid, 3-phenylpropionic acid, trimethylacetic acid, terliary butylacetic acid, launyl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic

20 acid, and the like; or (2) salts formed when an acidic proton present in the compound is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline sarth ion, or an aluminum ion;
or coordinates with an organic base such as ethanoclaming, disthanolamine, tristhanclamine,
N-methylglucamine and the like.

The term "solvate” as used hersin refers {0 a complex or aggregate formed by one or

25 more molecules of a solufe, e.q. a compound of Formula | (BR — L — BC) or a salt thereof,
and one or more molecules of a solvent. Such solvates may be crystalline solids having a
substantially fixed molar ratio of solute and solvent. Representative solvents include by way
of example, water, mathanol, ethanol, isopropanol, acetic acid, and the like. When the
solvent is water, the solvate formed is a hydrate.

30 In some embodimenis, the compounds described hargin exist in their isolopically
labeled forms. For example, the compounds disclosed herain include isolopically labeled
sompounds, which are identical to those recited herein, but for the fact that one or more
atoms are replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature. Examples of isolopes that are

35 incorperated into compounds described herein include isotopes of hydrogen, carbon,
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nitrogen, oxygen, phosphorous, sulfur, flucrine, and chioride, such as 2H, 3H, 13C, 14,
15N, 170, 180, 31P, 32P, 358, 18F, and 36CI, respectively. Compounds described herein,
and pharmaceutically acceptable salts, esters, solvate, hydrates, or derivatives thereof which
contain the aforementioned isotopes and/or other isctopes of other aloms are within the
scope of this invention. Ceriain isolopically labeled compounds, for example those inte which
radioactive isotopes such as 3H and 14C are incorporated, are ussful in drug and/or
subsirate tissue distribution assays. Tritialed, i.e., 3H and carbon 14, i.e., 14C, isotopes are
particularly preferred for their ease of preparation and detectability. Further, substitution with
heavy isotopes such as deuterium, Le., 2H, produces cerain therapeutic advaniages
resulting from greater metabolic stability, for example increased in vivo half life or reduced
dosage requirements, In some embodiments, the isotopically labeled compounds,
pharmacsutically acceptable salt, ester, solvate, hydrate, or derivative thereof is prepared by
any suitable method.

Compounds disciosed herein encompass prodrugs thereof. “Prodrug” as used
herein is meant to indicate a compound that may be converted under physiological
conditions or by solvolysis to a biclogically active compound describsd herein. The term
“prodrug” refers to a precursor of a biologically active compound that is pharmaceutically
acceptable. A prodrug may be inactive when administered to a subject, bhut is convertad in
viva to an active compound, for example, by hydrolysis. The prodrug compound may offer
advantages of solubility, tissue compatibility and/or delayed release in a mammalian
organism (see, .¢., Bundgard, H., Design of Prodrugs {(1985), pp. 7 9, 21 24 (Elsevier,
Amsterdam). A discussion of prodrugs is provided in Higuchi, 7., et al., “Pro drugs as Novel
Delivery Systams,” A.C.8. Symposium Series, Vol 14, and in Bioreversible Carriers in Drug
Design, ed. bdward B. Roche, American Pharmaceutical Association and Pergamon Press,
1987, hoth of which are incorporated in full by reference herein. Prodrugs of an active
compound, as described herein, may be prepared by modifying functional groups present in
the active compound in such a way that the modifications are cleaved, gither in routing

manipulation or in vivo, to the parent aclive compound.

BR: Bromodomain-containing 4 (BRD4) Ligands

Methods of treating a subject for a malignancy, e.q., Lung Cancer (2.g., Smali Cell
Lung Cancer (SCLCY) or Lymphoma (e.g., Diffuse Large Celi B Cell Lymphoma (DLBCL),
are provided. In some cases, the methods can include administering a transcriptional
chemical inducer of proximity {TCIP) which links a BTB-domain containing protein, e.q.,

BCL-6 or a related family membaear, and BRD4 {0 treat the subject for the malignancy, &.g.,
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SCLC or DLBCL. Also provided are compositions that find use in practicing methods of the
disclosure.
TCIPs employed in these embodimenis of the disclosure include a ligand fora

transcription modulator, such as oncogenic transcription factor, 8.g., BRD4. This

5 embodiment is of particular significance in treatment of cancer, where the CIF causes the
cancer cell to kill itself with its own driver. Oncogenic transcription factors are iranscription
factors whose activity coniributes {0 a neopiastic, e.g., cancerous, disease condition. The
ancogenic transcription factor may vary, where examples of oncogenic transcription factors
that may be empiloyed in treating SCLC inciude, but are not imited to: BRD4, c-myc,

10 oncogenic fusions, and the like. Any convenient ligands for thess ancogenic transcription
factors may be employed, where suitable ligands include small molecule ligands that are
capable of specifically binding to the target oncogenic transcription factor without any
relevant negative impact on the targst oncogenic transcription factor's ability 1o enhance
transcription of the targst proapoptotic gene when complexad with the anchor transcription

15 factor by a TCIP, L.e,, the transcription-activating activity of the oncogenic franscription
factor. The molecular weight of these ligands may vary, and in soms instances ranges from
150 Daltons to 500 Daltons such as 250 Dalions to 400 Daltons.

Suitable ligands for BRD4 include, but are not limited to, those described in US,
Patent Nos. 11,279,703; 11,267,820; 11,117 865; 11,020,404; 10,975,059; 10,738,0186;

20 10,688,385, 10,526,291; 10,328,074; 10,300,073; 10,108,507; 10,071,129; $,840,5286;
9,814,728; 8.610,332; 9,387 231; 9,266,821; 2,255,089; 2,249,181, 8,108,953, as weli as
those described in United Slates Patent Application Publication Nos. 20220185820;
20220177458, 20220119370; 20220047596, 20210355088; 20210221821; 20210147418,
20200407328; 20200405808; 20200385408, 20200339585; 20200338065; 20200255450,

25 20200085252; 20200046728; 20120367530; 20120381013, 20120352573, 201202921468,
20190262355, 20180055203, 20180290884; 20180282316; 20180237453, 20180050043;
20170304315, 20170226065, 20160129001; 20160075695; 20160060260; 20160031868,
20150148344; 20150148333; 201501334308; 20150087636, 201403711587, 20140338190,
20140296246, 20140296243; 20140243322, 20140243286, 20140005169; 20140044770,

30 20120208800; 20120157428, the disciosures of which are hersin incorporated by reference.

Suitable ligands for BRD4 include, but are not limited to: JQ1, AZDB153, ABBV-075,
BMS-986158, CPI-0610, GSKAE25762; OTX-015, PLXS1T107, INCBOS4329, INCBO57643, |-
BET151, RvX-208 and the like. The structures are provided below:
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in some embodiments, the bromodomain-containing 4 igand (ER) is of formula 1A

(1A}
where:

i is an integer from 0 to 12;

m is an integsr from 0 1o 5;

pisanintegerfrom 0ic 5
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As a 5-8 membered cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted
heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heteroarylalkyl, and
substituted hateroarylalkyi;

B is a 3-12 membered cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted
heterocycloalkyl, aryl, substituted and, heteroaryl, substituted heteroaryl, heteroaryialkyl, and
substituied heleroarylalkyl;

WisC, N Qorg;

Xis oxygen or sulfur, or: R® and X are taken together with their intervening atoms to
form an optionally substituted 5-8 memberad cycloalkyl, substituled cycloatkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heteroarylalikyl, and substifuted heteroarylalkyl;

Y is & covalent bond, alkyl, substituted alkyl, atkeny!, substituted alkenyl, alkynyl,
substituted alkynyl, or a substituted bivalent C(1-8) hydrocarbon chain wherein one or more
methylene units is optionally replaced by -NR'-, -N{RYC(O)-, -CIOINR |, -N{R1SCs-, -
SONR)- |, -O-, -C(O)-, -OC{Q)-, -C{OYO-, -8-, -80- or -850y~

Zis -CHz, -NH, -0- or -8-

===z rapresentis a single or double bond;

wenn reprasents a bond to the linker;

sach of Ry, Re, R, Ry and Ry is independently selected from hydrogen, halogen,
hydroxyl, alkoxyl, cyano, alkyl, substituted alkyl, aikenyl, substituted alkenyl, atkynyl,
substituted alkynyl, aryl, substituted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyl,
substituted alkoxycarbonyl, aminoacyl, substituled aminoacy!, amino, substituted amino,
acylamino, substituted acylamino, thiol, substituted thiol, sulfoxide, substituted sulfoxide,
sulfone, substituted sulfons, sulfoximine and substituted sulfoximine.

In some embodiments, A is a b-membered fused heteroaryl ring having 2
hetercatoms independently selected from nifrogen, oxygen, or sulfur. In some instances, A is
a 5-membered fused helercary! ring having 2 heteroatoms independently selected from
nitrogen or oxygen. In some instances, A is a 5-membered fused hetercaryl ring having 2
hetercatoms selected from nitrogen and oxygen. In some instances, A is a 5- memberad
fused heteroaryl ring having 2 heleroatoms independently selected from nitrogen or sulfur. In
some instances, A is a S-membered fused heleroaryl ring having 2 hetercatoms selected
from nitrogen and sulfur. In certain instances, Als selected from thiazolo, isothiazolo,
oxazolo, isoxazolo, pyrazolo, and imidazolo rings. In certain instances, A is isothiazoio.

in some embediments, A is benzo, or a 5-6 membered fused heteroary! ring having
1-3 hetercatoms independently selected from nitrogen, oxygen, or sulfur. in some
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instances, A is a 5-membered fused heteroaryl ring having 2-3 hetercatoms independently
selected from nitrogen, oxygen, or sulfur, or a 8-membered fused heteroaryi ring having 2-3
nitrogen atoms. In some instances, A is benzo. In some embodiments, A is a 5-6 membered
fused heteroaryl ring having 1-3 hetercatoms independently selected from nitrogen, oxygen,
or sulfur. in some instances, A is a 6-membered fused heteroaryl ring having 1-3 nitrogen
atoms. In certain instance, A is selected from pyrido, pyrimidine, pyrazino, pyridazino, and
triazing, rings. In cerlain instances, Ais a 5-membered fused heteroaryi ring having 1
hetercatom selected from nitrogen, oxygen, or sulfur. In certain instances, A s thieno. In
certain instances, A is furano. In cerain instances, A is pyrrolo.

in some embodimants, B is a 3-7 membered saturated or partially unsaturated
carbocyciic ring, phenyl, an 8-10 membered hicyclic saturated, partially unsaiurated, or aryl
ring, a 4-7 membered saturated or partially unsaturated heterocyclic ring having 1-2
hetercatoms indepsndently selected from nitrogen, oxygen, and sulfur, a 5-8 memberad
monocyciic hateroaryt ring having 1-3 heteroatoms independently selected from nitrogen,
oxygen, and sulfur, 8 7-10 membered bicyclic saturated or partially unsaturated heterocyclic
ring having 1-4 hetsroatoms indepsndently selected from nitrogen, oxygen, and sulfur, or an
8-10 membered bicyclic hetercaryl ring having 1-4 heteroatoms independently selected from
nitrogen, oxygen, and sulfur. In some instances, B is phenyl. In some instances, Bis a 3-7
membered saturated or partially unsaturated carbocyelic ring. In certain instances, B is
cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, or eycloheptyl. In cerain instances, B is
cyclopentenyl, cyclohexenyl, or cycloheaptenyl

In some embodiments, B is a 4-7 membered saturated or partially unsaturated
heteroeyelic ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, and
sulfur. in certain embodiments, Ring B is a 5-6 membered saturated or partially unsaturated
heterocyclic ring having 1-2 heteroatoms independently selected from nitrogsn, oxygen, and
sulfur. In certain embodiments, Ring B is tetrahydrofuranyl, tetrahydrothisnyl,
tetrahydropyranyl, telrahydrothiopyranyl, pyrrohding, pyrrohdonyt, piperiding, pyrroliny,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, or
marpholinyl.

In some embodimenis, B is a 5-6 membered monocyclic heteroaryl ring having 1-3
heterpatoms independently sslected from nitrogen, oxygen, and sulfur. In some instances, B
is 8-membered heteroaryl ring having 1-3 nitregen atoms. In some instances, Bisa 6-
meambered heteroaryl ring having 1 nitrogen atom. In some instances, B is a 6-membered
heteroaryl ring having 2 nitrogen atoms. In some instances, B is a 8-membered heteroaryl
ring having 3 nitrogen atoms.
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In some embodiments, B is a 5-meambered heteroaryl ring having 1-3 hetercatoms
independently selected from nitrogen, oxygen, or sulfur. In some instances, Bis a 5-
membered heteroaryl ring having 1 hetercatom independently selected from nitrogen,
oxygen, or sulfur. in some instances, B is a S-membered hefercaryl ring having 2
heterpatoms independently selecled from nitrogen, oxygen, or sulfur. In some instances, B is
a 5-membered heteroaryl ring having 2 heteroaloms independently selected from nitrogen
and oxygen. In some instances, B is & -membered hetercary! ring having 2 heteroatoms
independently selected from nitrogen and sulfur. In some instances, B is a 5-membered
heteroaryl ring having 1-3 nitrogen atoms. in ceriain instances, B is selected from thisnyi,
furanyl, pyrrolyl, imidazolyl, pyrazolyl, trigzolyl, tetrazolyl, oxazolyl, isoxazolyi, oxadiazolvi,
thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyt, pyrimidinyl, or pyrazinyl.

in some embodiments, B is a 7-10 membered bicyclic saturaled or partially
unsaturated heterocyclic ring having 1-4 heteroatoms independently selactsd from nitrogen,
axygen, and suifur, or an §-10 membered bicyclic heleroaryi ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some inslances, Bisa 8,5-
fused-, 56-fusad, or 6,6-fused saturated, partially unsaturated, or aromatic bicyclic ring. In
some instances, B is a §,5-fused, 5,8-fused, or 8,6-fused aromatic bicyclic ring. In some
instances, B is a naphthalenyl, indanyi or indenyl group.

in some embodiments, B is a 7-10 memberad bicyclic saturated or partially
unsaturated heterocyclic ring having 1-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur. in some instances, B is a 7-8 membered bicyclic saturated heterocyclic
ring having 1-3 heleroatoms independently selected from nifrogen, oxygen, and suifur. In
some instances, B is a 7-8 membered bicyolic partially unsaturated heterecyclic ring having
1-3 heteroatoms independently selected from nitrogen, oxygen, and sulfur. In some
instances, Bis a 9-10 membered bicyclic saturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some instances, Bis a 9-10
membered bicyclic partially unsaturated heterocyclic ring having 1-3 helercatoms
independently selected from nitrogen, oxygen, and sulfur. In some instances, B is
tetrahydroguinelinyl, {etrahydroisoquinolinyl, decahydroguinalinyl, or quinuclidinyl. In some
instances, B is selected from indolinyl, 3H-indolyl, chromanyl, phenanthridinyl, 2-
azabicycio]2.2 11heptanyl, octahydroindolyl, or tetrahydroquinolinyl.

in some embodiments, B is a 8-10 membered bicyclic heteroaryl ring having 1-4
hetercatoms independently selected from nilrogen, oxygen, and sulfur. In some instances, B
is a 5,5-fused, 5,6-fused, or §,8-fused saturated, partiaily unsalurated, or aromatic bicyclic
ring having 1-4 heteroatoms, independently selected from nitrogen, oxygen, of sulfur. In
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some instances, B is a 5,5-fused, §,8-fused, or §,8-fused hetaroaryl ring having 1-4
heteroatoms, independently selected from nitrogen, oxygen, or sulfur. In certain instances, B
is @ 5,5-fused, 5,6-fused, or 8 8-fused heteroaryl ring having 1-4 nitrogen atoms. In certain
instances, B is a 5,6-fused heteroary! ring having 1-4 nitrogen atoms. In cerlain instances, B
is pyrrolizinyd, indolyl, guinolinyl, isoquinolinyl, benzimidazoly, imidazopyridiny!, indazolyl,
purinyl, cinnolinyl, quinazolinyl, phthalazinyl, naphthridiny!, quinoxalinyl, thianaphtheneyl, or
benzofuranyl. in ceriain instances, B is seleciad from an indolizinyl, purinyl, naphthyridinyt,
or pteridiny.

in some embodiments, R® and X are taken together with their intervening atoms to
form a heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen, oxygen,
or sulfur. In certain instances, R® and X are taken togsther with their intervening atoms {o
form an optionally substituted triazolyl ring. In some instances, Rj is an optionally
substituted C(1-6) aliphatic. In some embodiments, R; is substituied. In some embodiments,
R3 is unsubstitued. In ceriain embodiments, Rs is C(1-8) alkyl. in certain embodiments, Rs is
C{1-4) aliyl In cerlain embodiments, R is methyl, sthyl, propyl, or isopropyl,

in some embodiments, X is oxygen or sulfur, or Rs and X are taken togethsr with
their infervening atoms to form an optionally substituted 5-membered heteroaryl ring having
1-4 heteroatoms independently selected from nifrogen, oxygen, or sulfur. In soms
embodiments, X is oxygen. In some embodiments, X is sulfur. In some embodiments, R; and
X are taken together with their intervening atoms to form an optionally substituted 5-
membered heteroaryl ring having 1-4 heteroatoms independently sslecied from nitrogen,
oxygen, of sulfur. in some embodiments, Ry and X are taken {ogether with their intervening
atoms to form a substituied 5-membered heteroaryl ring having 1-4 helsroatoms
independently selected from nitrogen, oxygen, or sulfur. In some embodiments, Rs and X are
taken fogether with their intervening atoms io form an unsubstiluted 5-memberad heteroary!
ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur. In
certain embodiments, R; and X are taken together with their infervening atoms {o form an
optionally substituted &-membered heleroary! ring having 1-2 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In cerfain embodiments, R; and X are taken
together with their intervening atoms to form an optionally substituted pyrrolyl, pyrazoiyi,
imidazolyl, triazolyl, tetrazolyl, thienyl, furanyi, thiazolyl, isothiazolyl, thiadiazolyl, oxazoiyl,
isoxazolyl, or axadiazolyl ring.

in some embodiments, R*is -R, halogen, -OR, -8R, -N{R"),, -CN, -NG3, -C{O}R, -
C{S)R, -COR, -COIN(R ), -C(O)ER, -COIC(O)IR, -C(O)CHC{OIR, -C{SIN{R})2, -C(BIOR,
-S{OIR, ~SO:R, -SON(R Y, -NRIC(OIR, -NRIC(OINR )2, -NEROICEINR Y2, -NRISOR, -
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NRISCMN(R 2, -NRINR Yz, -NRYCENRNNR )z, -C=NN{R )2, -C=NOR, -
CENRMNR):, -OCO)R, or -OCOIN{R):, where R and R’ are as defined and described
hergin. In some embodiments, R4 is -R. In certain smbodiments, R* is hydregen. In ceriain
other embodiments, R* is halogen. In some embaodiments, R* is -OR, -8R, or -N{R)»- In
certain instances, R*is -OR. In certain instances, R* is -CN or -NO,. In cartain instances, RY
is -C{O)R, -COaR, ~-C{OIN(R)z, -CIOIER, -COICOR, -C{OICH.C(O)R, -C(SIN(R"), or -
C{S)OR. In certain instances, R* is -S(OR, -SOuR, or -SON(R),. In cerlain instances, R is
SNRIC{OIR, -NRICOINR Yz, -NERISOR, -NRISON(R )z, -NRIN(R ), or -
NERICENRDNR. In certain instances, R is -C=NN(R)z, -C=NOR, -CENRMINR Y. In
certain instances, R* s -OC{OR or ~OC{OIN{R2.

in some embodiment m is an integer rom G o 5. In some instances, mis 1. in some
instances, mis 2. In some instances, mis 3. In some instances, mis 4. In certain
instances, mis 5.

In some embodiments, R%is -R, halogen, -OR, -8R, -N{R"),, -CN, -NQ», -C{O}R, -
CEIR, -COR, -CIOINR Yz, -C{OIER, -COIC(OIR, -COICHC(OR, -CEIN(R )z, -C(S)OR,
-S{OIR, -SO2R, -SON(R Yz, -NRNC(OIR, -N{RIC(OIN(R)2, -NROIC{BINR Y2, -NRISOR, -
NRISOMNR Y2, -NERINER Y, -NROYCENFRDNR ), -C=NN(R )2, -C=NOR, -
CENERMNR), -OCO)R, or -OC{ON(R)2, where R and R’ are as defined and described
hersin. In some embodiments, R%is -R. In certain embodiments, R is hydrogen. In certain
other embodiments, R is halogen. In some smbodiments, R* i3 -OR, -8R, or -N{R"z- In
certain embodiments, R® is -OR. In other embodiments, RS is -CN or -NC:. In some
embodiments, RS is -CIO)R, -COuR, -COINR )z, ~C(O)SR, -C{OC{OIR, -C{OICH.C(OR, -
C{EINRYz or -C{SIOR. In other embodimenis, R® is -S{O)R, -80:R, or -B0:N{R).. In
certain embadiments, R is -NR)COIR, -NRIC{OINR )2, -NRYSOR, -NRISTN(R )2, -
NRIN(R )z, or -NRICENRDINR ). In certain other embodimants, RS is -C=NN(R"),, -
C=NOR, -C{=N{RMN(R}2. In yet other embodiments, RS is -QC(O}R or -OC{OIN(R)2.

In some embodiment p is an integer from 010 5. In some instances, pis 1. In some
instances, pis 2. In some instances, pis 3. in some instances, p is 4. In some instances, p
is 5.

In some embodiments, Y is a covalent bond. In some instances, Y is an oplionally
substituted bivalent C(1-8) hydrocarbon chain wherein one or two methylens units is
optionally replaced by -NR'-, -NR)C{O)-, -C{OINR)-, -N{RISO0y, -SC:N{RY}-, -C-, -C(O}-, -
OCO)-, ~C{O)O-, -5-, -80- or -8UTs-. In some instances, Y is an optionally substituted
hivalent C(1-3) hydrocarbon chain wherein one methylens unit is optionally replaced by -
NR'-, -N(RIC(O)-, -COINR , -N{RISO2-, -80N(R)-, -Q-, -C(O)-, -QC(Q)-, -CLOYO-, -G, -
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80- or -802-~. In ceriain embodiments, Y is a C-3 hydrocarbon chain wherein one
methylene unit is optionally replaced by -NH-, -O-, -8+, -5(0}-, or -80-.

In some embodimenis, sach Ry is independently selected from hydrogen, halogen,
aptionally substituted C(1-8) aliphatic, -OR, -8R, -CN, -N(R")z, -C{OR, -C(3IR, -CHR, -

S COINR., ~COIBR, -C(OIC{OIR, -C{OICHC{OIR, ~-C{EIN(R )2, -C(BIOR, -S{OIR, -8O:R,
-S0:NRY,, -NRIC{OIR, -NRHC{OINR, -NRYCEINR )z, -NRISOR, -N{R)ISONER Y, -
NEINR Yz, -NRICENRDNR ), -C=NNR )z, -C=NOR, -CENRDNR ), -OCOR, -
QC{OINR)2, of -(CHz)gR* wherein g is 0-3 and R¥ is halogen, optionally substituted C{1-8)
aliphatic, -OR, -8R, -CN, -N{R), -C{O)R, -C(EIR, -CO:R, -C{OIN{R)2, -C(O)SR, -

10 COCOR, -COICHC{OIR, -C(SIN{R )2, -C{SHOR, -B{OIR, -BOR, -SON(R)2, -
NEFRICOIR, -NRICOIN(R )2, -NRIC(SIN(R )z, -NRISO:R, -NRISCN{R )2, -NRHINR:,
~NFRYCENERDNR ), ~CaNN(R )2, -C=NOR, -CENRDNR )2, -OCOIR or -OC(OINR )2,
in some ambodiments, each Ry is independently selected from hydrogen and a C{1-8) alkyl.
in soms instances, each R, is independently sslscted from methyl, ethyl, n-propyl, isopropyi,

15 n-butyl, iso-bubyi or lert-butyl. In ceriain instances, each R, is independently selected from
C{1-8) aliphatic, -OR, -N{R"),, -C(O)R, -OC{O)R, -NRWCO)R, -C{OINR', or -CO:R.

in some embodiments, sach Ry is independently selected from hydrogen, halogen,
optionally substituled C(1-8) aliphatic, -OR, -8R, -CN, -N(R"),, -C{OR, -C(8)R, -COLR, -
C{OIN(R )2, -CO}BR, -COICOIR, -C{O)ICHLC(OIR, -C{SIN(R )2, -C(SYOR, -S{(O)R, -SO:R,

20 -SONERM -NERHCOR, -NRHCOIN(R2, -NRJCEIN(R 2, -NRDISOR, -N(RISOMNR Yz, -
NRINR Y2, -NRICENERDNR ), -CaNNR)2, -C=NOR, -CENRNINRY,, -OC{OR, -
QC{ONER,, o ~{CH )R wherein ¢ is 0-3 and R is halogen, optionally substiuted C(1-8)
aliphatic, -OR, -8R, -ON, -N(R,, -C{OR, -C{EIR, -COR, ~-C{OINRY2, -C(O)8R, -
C{OICIOR, -C{O)CHC{OIR, -C(SINIRYz, -C{SIOR, -B{O)R, -B0:R, -SCN(RY., -

25 NRHCOIR, -N{R)TOIN{R )z, -NRICEINR )2, -NRISO:R, -NRISON(R)2, -NRHNR):,
SNRICENRDNR),, -C=NN(R}2, -C=NOR, -CENFRHNR)z, ~-OCO)R or -OC{OIN(R )z
in some embodiments, each Ry is independently selected from hydrogen and a C(1-8) alkyl,
In some instances, each R; is independently sslected from methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl or tert-butyl. In certain instances, each Ry is independently selected from

30 C(1-8) aliphatic, -OR, -N(R)2, -C(OIR, -OC(OIR, -NRICOR, -C{OINR', or -COR,

In some embodiments, n is an integer from 0t 12, In some instances, nis 1. in
some instances, nis 2. in some instances, nis 3. In some instances, nis 4. In some
instances, nis 5. In some instances, nis 8.

in some embodiments, Z is -CH,. In some instances, Z is -NH. In some instances, Z

35 is-0-. Insome instances, 2is -8-.
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In some embodiments, the bromodomain-containing 4 ligand (BR) is of formula 1A1:

R~ Xz

(&)m{](\r
: Byt
=N Ry Ry
E
(R‘S)pk/ (A1)

wheare:

XpisfromC N Cor S,

Xoisfrom G, N, Qor§g;

X;isCorN;

==== rgpresenis a single or double bond; and

Rs is hydrogen, halogen, hydroxyl, alkoxyl, cyane, alkyl, substituted aikyl, alkenyi,
substituled alkenyl, alkynyl, substituted alkynyl, aryl, substituled aryi, acyl, subsiituted acyl,
carboxyl, alkoxycarbonyi, substituted alkoxycarbonyl, aminoacyl, subsiituted aminoacyl,
amino, substituted amino, acylamine, substifuted acylamino, thiol, substituted thiol, sulfoxide,
substituted sulfoxide, sulfone, substituted sulfone, sulfoximineg or substituted sulfoximine.

in some instances, XTisNorO; X2 is N; and X3 is C or N. In some instances, Xy is
N; Xzis N; and Xz is N Insome instances, Xu is O, Xois Ny and X5 is C.

In some instances, Rq is hydrogen or a C(1-6) alkyl. In some instances, Rgis
selected from methyl, ethyl, n-propyl, isopropyl, n-bulyl, iso-bulyt or tert-butyl. In certain
instances, Rg is methyl.

in some embodiments, nis an integer rom 0 o 4. In some instances, nis 1. In
some instances, nis 2. In some instances, nis 3. In some instances, nis 4. In some
instances, nis 5. In some instances, 1n1is 6.

In some embodiments, each Ry is independently selected from hydrogen and a C(1-
8} alkyl. In some instances, each Ry is independenily selected from methyi, ethyl, n-propyl,
isopropyl, n-butyl, iso-butyl or tert-butyl. In certain instances, each Ry is indepsndently
selected from C(1-8) aliphatic, -OR, ~N{R")z, -C{O}R, -QC{O)R, -NRIC(OR, -C{OINR', or -
CO2R. In soms instances, sach Ry is hydrogen or a C(1-6) alkyl. In soms instances, each
R, is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or fert-butyl. In
certain instances, each Ry is methyl

In some embodiments, each R, is independently selectad from hydrogen and a C{1-
8) alkyl. In some instances, each Rz is independently selected from methyi, ethyl, n-propyl,
isopropyl, n-butyl, iso-buiyl or tert-butyl. In ceriain instances, sach R; is indspendently
selected from C(1-8) aliphatic, -OR, -N{R")z, -C{O}R, -QC{OIR, -NRIC(OIR, -C{OINR, or -
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CO:R. In some instances, each Ry is hydrogen or a C{1-6) alkyl. In some instances, each
Rz is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl. In
certain instances, each Rz is methyl.
in certain embodiments, n is an integer from 1-4; and each of Ry and Ry are
5 independently selected from hydrogen and a C(1-6} alkyl. In certain instances, nis an
integer from 1-4 and each of Ry and R, are independently selected from methyl, ethyl, n-
propyi, isopropyl, n-butyl, iso-butyl or {ert-butyl. In certain instances, n is an integer from 1-4
and each of Ry and Ry are methyl. In certain instances, nis 1 and each of Ry and Ry are
hydrogen. in certain instances, n is 1 and each of Ry and Rq are methyl.
10 In some embodimeants, A is a 5-membered fused heteroaryl ving having 2
heteroatoms independently sslected from nitrogen, oxygen, or sulfur. In some instances, A is
a 5-membered fused heteroaryl ring having 2 helercatoms independently selected from
nifrogan or oxygen. In some instances, Alis a 5-membersd fused hetercaryi ring having 2
heteroaloms selected from nitrogen and oxygen. In soms instances, Ais a 5- membered
15 {used heteroaryl ring having 2 heteroatoms independently selected from nifrogen or suliur. In
some instances, A is a §-membered fused heteroary! ring having 2 hetaroatoms selected
from nitrogen and sulfur. in cerlain instances, A is selected from thiazolo, isothiazolo,
oxazolo, isoxazolo, pyrazolo, and imidazolo rings. In certain instances, A is isothiazolo.
in some embodiments, A is benzo, or a2 5-6 membersd fused hetercaryi ring having
20 1-3 heteroatoms independently selecied from nitrogen, oxygen, or sulfur. In some
instances, A is a 5-membered fusad heteroaryl ring having 2-3 hsteroatoms independently
selected from nitrogen, oxygen, or sulfur, or a 8-membered fused heleroaryi ring having 2-3
nitrogen atoms. In some instances, A is benzo. In some embadiments, A is a 5-8 membered
fused heteroaryl ring having 1-3 hetercatoms independently selected from nitrogen, oxygen,
25 orsulfur. in some instances, A is a 6-membered fused heteroaryl ring having 1-3 nitrogen
atoms. In certain instance, A is selected from pyrido, pyrimidino, pyrazino, pyridazino, and
triazing, rings. in cerlain instances, Ais a 5-membered fused heteroaryl ring having 1
heteroatom selected from nitrogen, oxygen, or sulfur. in certain instances, A is thieno. In
certain instances, A is furano. In cerain instances, A is pyrrola.
30 In some embodiments, B is a 3-7 membered saturated or partially unsaturaied
carbocyclic ring, phenyl, an 8-10 membered hicyclic saturated, partially unsaiurated, or aryl
ring, & 4-7 membered saturated or partially unsaturated heterocydlic ring having 1-2
hetercatoms independently selected from nilrogen, oxygen, and sulfur, a 5-6 membsrad
mongocyciic heteroaryl ring having 1-3 heteroatoms independently selected from nifrogen,
35 oxygen, and sulfur, & 7-10 membered bicyclic saturated or partially unsaturated heterocyclic
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ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, and suifur, or an
8-10 membered bicyclic hetereary! ring having 1-4 heteroatoms independently selected from
nitrogen, oxygen, and sulfur. In some instances, B is phenyl. In some instances, Bis a 3-7
membered saturaled or partially unsalurated carbocyclic ring. In cerlain instances, B is
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or cycloheptyl. In certain instances, B is
cyclopentenyl, cyclohexenyl, or cycloheptenyl.

In some embodiments, B is a 4-7 membered saturated or partially unsaturated
heterocyclic ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, and
sulfur. In certain embodiments, Ring B is a 5-6 membered saturated or partially unsaturated
heterocychic ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, and
sulfur. In certain embodiments, Ring B is tetrahydrofurany, tetrahydrothienyt,
tetrahydropyranyl, tetrahydrothiopyranyl, pyrrohdiny, pyrrohdonyl, piperidinyl, pyrroliny,
oxazolidingl, piperazinyl, dioxany!, dioxolanyl, diazepinyl, oxazepinyi, thiazepinyl, or
morpholinyt,

In some embodiments, B is a 5-8 membered monocyclic hetercaryl ring having 1-3
hetercatoms indspsndently selected from nifrogsn, oxygen, and sulfur. In some instances, B
is 8-membered helercary! ring having 1-3 nifrogen atoms. In some instances, Bis a &-
membered heteroaryl ring having 1 nitrogen atom. In some instances, B is a §-memberad
hetercaryt ring having 2 nitrogen aloms. In soma instances, B is a §-membsred heteroaryl
ring having 3 nitrogen atoms.

In some embodiments, B is a 5-membered heteroary! ring having 1-3 hetercatoms
independently selected from nitrogen, oxygen, or sulfur. In some instances, Bis a 5-
membered heferoaryt ring having 1 heteroatom independently selected from nitrogen,
axygen, or sulfur. in some instances, B is a 5-membered heleroaryl ring having 2
hetercatoms independently selected from nitrogen, oxygen, or sulfur. In some instances, B is
a 5-mambered heteroaryl ring having 2 hetercatoms independently selected from nitrogen
and oxygen. In some instances, B is & 5-membered helercaryl ring having £ heteroatoms
independently selected from nitrogen and sulfur. In some instances, B is a 5-membered
hetercaryt ring having 1-3 nilregen atoms. In certain instances, B is selected from thisnyl,
furanyl, pyrrolyl, imidazoly!, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazoly!, oxadiazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidiny!, or pyrazinyl.

fn some embodiments, B is a 7-10 membered bicyclic saturated or partially
unsalurated heterocyclic ring having 1-4 heteroatoms independently selectsd from nitrogen,
axygen, and sulfur, or an 8-10 membered bicydlic heteroaryi ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some instances, Bisa §,5-
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fused-, 5,6-fused, or & 6-fused saturated, partially unsaturated, or aromatic bicyclic ring. In
some instances, B is a 5,5-fused, 5,6-fused, or 8 6-fused aromatic bicyclic ring. In some
instances, B is a naphthaleny!, indanyl or indenyl group.

In some embodiments, B is a 7-10 membered bicyclic saturated or partially
unsaturated heterocyclic ring having 1-4 heteroatoms independently selected from nitrogen,
oxygen, and suifur. In some instances, B is a 7-8 membered bicyclic saturated heterocyclic
ring having 1-3 heleroatoms independently selected from nitrogen, oxygen, and suifur. in
some instances, B is a 7-8 membered bicyclic partially unsaturated heterocychic ring having
1-3 heteroatoms independently selected from nitrogen, oxygen, and sulfur. In some
instances, B is a 9-10 membered bicyclic saturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some instances, B is a 8-10
membered bicyclic partially unsaturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some instances, B is
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinglinyl, or quinuclidinyl. In some
instances, B is selected from indolinyl, 3H-indolyl, chromanyl, phenanthridinyl, 2-
azabicycio]2 2 1theptanyl, octahydreindolyl, or tetrahydroguinolinyt.

In some embodiments, B is a 8-10 membered bicyclic heteroaryl ring having 1-4
heteroatoms independently selecied from nitrogen, oxygen, and sulfur. In some instances, B
is a 5,5-fused, 5,6-fused, or 6 6-fused saturated, partially unsaturaled, or aromatic bicyclic
ring having 1-4 hetsroatoms, independently selected from nitrogen, oxygen, or sulfur. In
some instances, B is a 5,5-fused, 5,6-fused, or 8,6-fused hetsroaryl ring having 1-4
hetercatoms, independently selected from nitrogen, oxygen, or sulfur. In cerlain instances, B
is & 5,5-fused, 5,6-fused, or & 8-fused hetsroaryl ring having 1-4 nitrogen atoms. In certain
instances, B is a 5,6-fused heteroary! ring having 1-4 nitrogen atoms. In cerlain instances, B
is pyrrolizinyl, indolyl, guinolinyl, isoquinolinyl, benzimidazolyl, imidazopyridinyl, indazolyl,
purinyl, cinnolinyl, quinazolinyl, phthalazinyl, naphthridinyl, quinoxaliny!, thianaphthenewl, or
henzofuranyl. in cerlain instances, B is selecled from an indolizinyl, purinyl, naphthyridinyt,
or pteridinyl.

in some embodiments, R* is -R, halogen, -OR, -SR, -N{R'}2, -CN, -NQ;, -C{O)R, -
CER, -COR, -COINR )2, -C{OIBR, ~COIC(OIR, -C{O)ICHC(OR, ~C{SIN(R)2, ~C(B)OR,
-S{O)R, ~SOzR, -S0:N(R )z, -NENC(OIR, -NRIC{OIN(R )2, -NROYCSINR Y2, -N{RISO:R, -
NRISOMN{R Yz, -NEINERY:, -NRICENRDNR )2, -C=NN(R)z, -C=NCR, -
CENEDINR ), ~-OC(OR, or -OC{OIN{R),, where R and R’ are as defined and described
herein. in soms embodiments, R* is -R. In certain embodiments, R is hydrogan. In certain
other embodiments, R* is halogen. In soms embodiments, RYis -OR, -8R, or -N{RY- In
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certain instances, R is -OR. In certain instances, R4 is ~CN or -NO,. In certain instancas, R?
is -C{OIR, ~-COR, -CLOIN(R), -CIOSR, -C{OICIOR, ~COICH,CIOIR, -C(SIN(RY,, or -
C{S)OR. In cerain instances, R4 is -S(OIR, ~-SOR, or -SON(RY,. In cartain instances, R* is
-NRICOIR, -NRHICOINR)2, -NRIBOR, -NRISCN{R Y2, -NRN{R )z, or -
NRYCENERDNRY:. In certain instances, R* is -CaNN{R")z, -C=NOR, -CENRDHNERY2. In
certain instances, R* is -OC{OR or -OC{OIN(R)2.

In some embodiment m is an integer rom 0 1o 5. In some instances, mis 1. in some
instances, mis 2. In some instances, mis 3. In soms instances, mis 4. In certain
instances, mis 8.

in some embodiments, R%is -R, halogen, -OR, -8R, -N{R’),, -CN, -NT;, -C{OR, -
C{SIR, ~-CO2R, -COIN(R)2, -C{O)ER, -COIC(OIR, -COICHC{OR, ~C{SIN(R )2, -C{EIOR,
~S{OR, ~SO:R, -SOMN(R)2, -N{RICOIR, -NRIC(OIN(RY, -NRICEINR 2, -N(R)ISOR, -
NERISONRY,, -NRINR ), -NRYCENRNNER )., -C=NNRY,, -C=NOR, -
CENRDINERY, -OCO)R, or -OCOIN(R)2, where R and R’ are as defined and described
herein. In soms embodiments, RS is -R. In certain embodiments, RS is hydrogsn. In certain
other embodiments, RY is halogen. In some ambodiments, R? is -OR, -8R, or -N{R)2- In
ceriain embodiments, R5 is -OR. In other embodiments, R is -CN or -NQ». In some
ambodimants, R® is -C(OIR, -COR, ~CIOINR )z, ~-C{O)ER, -C{OIC{OIR, -C{OICHL(OIR, -
C{EIN(R,, or -C{S)OR. In other embodimants, R is -S{O)IR, -80O:R, or -SC:N{Rz. In
certain embodiments, RS is -N{RYC{OIR, -N{RIC{OIN{R),, -N{R)ISOLR, ~-NIRYSOMNIR),, -
NRIN(R)z, or -N{RYCE=NRMINER Y. In certain other embodiments, RY is -C=NN(R),, -
C=NOR, -C(=N{RMNR". In yot other embodiments, R is -OCO)R or -OC{OINR,.

in some embodiment p is an integerfrom 0 to 8. In some instances, pis 1. In some
instances, pis 2. In some instances, pis 3. In some instances, p is 4. In some instances, p
is 5.

in some embodiments, Y is a covalent bond. In some instances, Y is an oplionally
subsiituted bivalent C{1-8) hydrocarbon chain wherein one or fwoe methylene units is
aptionally replaced by -NR'-, -NRYC(O)-, -C{OINRY-, -NRISC2, ~SCN{R)-, ~-O-, -C(0)-, -
OC{O)-, -C{O)0O-, -8-, -8C- or -80:-. In some instances, Y is an optionally substituted
bivalent C(1-3) hydrocarbon chain wherein one methylene unit is optionally replaced by -
NR'-, -NRYC(O)-, -COINR | -N{RIS0p-, -8ON(R Y-, -O-, -C(T})-, -OC(0)-, -C(OYO-, -8-, -
SG- or -SQx-. In certain embodiments, Y is & C1-3 hydrocarbon chain wherein one
methylene unit is optionally repiaced by ~-NH-, -O-, -8-, -8(0)-, or -80»-.

in some embodiments, each Ry is independently selected from hydrogen, halogsn,
optionally substituled C(1-8) aliphatic, -OR, -8R, -CN, -N(R");, -C{OR, -C(S)R, -COuR, -
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COIN{R )2, ~COISR, -COCOIR, ~-C{O)ICHLIOR, -CEIN(R ), -C{SYOR, -8R, -80:R,
~SOMNRY:, -NRICOIR, -NRIC{OINR Yz, -NRIC{S)N{R )z, -NRYSOR, -N{R}ISO:N(R e, -
N{RIN(R)z, -NRICENRNNR Y, -C=NN{RY,, -C=NOCR, -CENRBNR),, ~OCOIR, -
OC(ON(R)z, or -{CH2)R* wherein g is -3 and R¥is halogen, optionally substituled C(1-6}
aliphatic, ~-OR, -8R, -CN, -N{Rz, -C(O)R, -C{E)R, -COR, -C{OIN(R"2, -C{OISR, -
COCOR, -C{OICHC{OIR, -C(SIN(R)2, -C(S)OR, -S(O)R, -SSR, ~SON{R, -
NRNYCOIR, -NRYCOINR )2, -NRICSINR Y2, -NRISOR, -NRISONR}2, -N{RIN(R')2,
NRICENRDINR )2, ~-C=NN(R)2, -C=NOR, -CENRDNR )z, -OC{OIR or -OC(OIN{R 2.

in some embodiments, each R, is independently selected from hydrogen and a C(1-8) alkyl.
in some instances, each Ry is independeantly selected from methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl or tert-butyl. In cerfain instances, each R: is independently selected from
C{1-8) aliphatic, -OR, -N{R)z, -C{OIR, ~-CCOIR, -N{RICIOR, -COINR!, or -CO:R.

In some embodimenis, sach R is independently selscted from hydrogen, halogen,
aptionally substituted C(1-8) aliphatic, -OR, -8R, -CN, -N({R"):, -C(O)R, -C(ER, -CO:R, -
CLOIN{R Y, -COIBR, -COIC{OIR, -C{O)ICHC{OIR, -C(SINR ), -C{SIOR, -S{O)R, -S0O:R,
-SOXNRY,, -NRIC{OIR, -N{RHC{OIN(R"z, -NRYC(SIN(R )z, -NRISOR, -N{R}ISON(R Y, -
NRINR Yz, -NERJCENRDINR )z, -C=NN{R)z, -CaNOR, -CENRDNRY,, -OCOIR, -
QC{ONRY,, or ~{CHzjR* wherein g is 0-3 and RX is halogen, optionally substituted C(1-8)
aliphatic, -OR, -8R, -CN, -N{R",, -C{O)R, -C{EIR, -CuR, -C{OIN{R)2, -C{OISR, -
COCOIR, -COICHCOIR, -C{SIN(R)2, -C{S)OR, -B{O)R, -SSR, -SON{RY., -
NRHICIOIR, -N{RIC{OINR )z, -NERHICSINR 2, -NR)ISOR, -NRISCN{R Y., -N{RINRz,
SN{RICENRDNR),, -C=NN(R )2, -C=NOR, -CENRDNR ), -OCOIR or -OQCOINR),.
in some embodiments, each Ry is independently selected from hydrogen and a C(1-8) alkyl.
in some instances, each R is independently selected from methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-buivi or tert-butyl. In ceriain instances, each Ry is independently selectad from
C{1-8} aliphatic, -OR, -N{R",, -C(O)R, -OC{OR, -NRWCO)R, -C{OINR', or -COzR.

In some embodiments, n is an infeger from 010 12, In some instances, nis 1. In
soms instances, nis 2. in some instances, nis 3. In some instancss, nis 4. in some
instances, nis 5. In some instances, nis 6.

in some embodimentds, £ is -CHz. In some instances, Z is -NH. In some instances, 2

is -O-. In some instances, Zis -3-.
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In some embodiments, the bromodomain-containing 4 ligand (BR) is of formula 1A2:
Rﬁ\f,’fx?k
Y K 0
Xy X3€<_“7<;\\---.ZM
4
Rr % L /
~ =N R,
Ry

Y
B

(Rele (1A2)

where:

XiisfromC, N, O or §;

XzisfromC, N OorS;

XzisCorN;

Xy is from CHa, NH, O or §;

=zzz represents a single or double bond; and

each of Rs, Ry and Re is independently selected from hydrogen, halogen, hydroxyl,
alkoxyt, cyano, aliyl, substituted alkyl, alkenyl, substituted alksnyl, alkynyl, substituied
alkynyl, aryl, substituled aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyi, substituted
alkoxycarbony!, aminoacyl, substituled aminecacyl, amino, substituted amino, acylaming,
substifuted acylamino, thicl, substituted thiol, sulfoxide, substituted sulfoxide, suifone,
substituted sulfone, sulfoximine or substifuted sulfoximine.

In some embodimenis, X4 is 8. [n ceriain instances, ==== represents a doubie
bond. In some embodiments, Xy isNor©; Xyis N; and Xs is C or N In some embodiments,
Keis N Xzis N, and X3 is N

In some instances, Re is hydrogen or a C{1-6) alkyl. In some instances, Re is
selected from methyl, athyl, n-propyl, isopropyl, n-butyl, iso-butyl or teri-butyl. In cerain
instances, R is methyl. in some instances, Ry is hydrogen or a C(1-8) alkyl. In some
instances, Ry is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tent-
butyl. In certain instances, Ry is methyl In some instances, Rq is hydrogen or a C(1-8) alkyl.
in soms instances, Rg is selected fram methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or
tert-butyl. In cerlain instances, Rq is methyl. In certain instances, each of R, Ry and Ra is
meathyl.

In some embodimenis, B is a 3-7 membered saturated or partially unsaturated
carbocyclic ring, phenyl, an 8-10 membered hicyclic saturated, partially unsaturated, or aryl
ring, 8 4-7 memberad saturated or partially unsaturated heterocydlic ring having 1-2
heteroatoms indepsndently selected from nitrogen, oxygen, and sulfur, a 5-8 memberad

monocyciic hateroaryl ring having 1-3 heteroatoms independently salected from nitrogen,
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oxygen, and suifur, & 7-10 membered bicyclic saturated or partially unsaturated heterocyclic
ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, and suliur, or an
8-10 membered bicyclic heteroaryl ring having 1-4 hetercatoms independently selected from
nitrogen, oxygen, and sulfur. In some instances, B is phenyl. In some instances, Bis a 3-7
membered saturated or partially unsaturated carbocychic ring. In certain instances, Bis
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or cyclohepiyl. In certain instances, B is
cyclopentenyl, cyclohexenyt, or cycloheptenyl

In some embodiments, B is a 4-7 membered saturated or partially unsaturated
heterooychic ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, and
sulfur. In certain embodiments, Ring B is a 5-6 membered saturated or partially unsaturated
heterocyclic ring having 1-2 hetercatoms independently selected from nitrogen, oxygen, and
suffur. In cerlain embodiments, Ring B is tetrahydrofuranyi, tetrahydrothienyl,
teirahydropyranyl, tetrahydrothiopyranyl, pyrrohdinyt, pyrrohdonyl, piperiding, pyrroling,
axazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepiny, thiazepinyi, or
morpholinyl.

in some embodimenis, B is a2 5-6 mamberad monocyclic hetersary! ving having 1-3
heteroatoms independently selected from nifrogen, oxygen, and sulfur. In some insfances, B
is 5-membered heteroaryl ring having 1-3 nitrogen atoms. In some instances, Bisa 8-
membered heteroaryl ring having 1 nitrogen atom. In some instancss, B is a 6-membered
heteroaryl ring having 2 nitrogen atoms. in some instances, B is a 6-memberaed heteroary!
ring having 3 nitrogen atoms.

In some embodiments, B is a 5-membered heleroary! ring having 1-3 hetercatoms
independently selected from nitrogen, oxygen, or sulfur. In some instances, Bisa &-
membered heteroaryl ring having 1 heteroatom independently selected from nitrogen,
axygen, or sulfur, in some instances, B is a 5-membered heteroaryl ring having 2
hetercatoms independently selected from nitrogen, oxygen, or sulfur. In some instances, B is
a 5-membered heleroaryt ring having 2 hetercatoms independently selected from nitrogen
and oxygen. In some instances, B is a 5-membered heteroaryl ring having 2 hateroatoms
independently selected from nitrogen and sulfur. In some instances, B is a 5-memberad
hetercaryl ring having 1-3 nitrogen atoms. In certain instances, B is selected from thisnyl,
furanyl, pyirolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyi, oxadiazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, or pyrazinyl.

in some embodiments, B is a 7-10 membersd bicyclic saturated or partially
unsaturated heterocydlic ring having 1-4 heleroatoms independently selected from nitrogen,
oxygen, and sulfur, or an 8-10 membered bicyclic heteroaryl ring having 1-4 heterocatoms
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independently selacted from nitrogen, oxygen, and sulfur. In some instances, Bis a 5,5-
fused-, 5, 6-fused, or 8 6-fused saturated, parlially unsaturated, or aromatic bicyelic ring. In
some instances, B is a §,5-fused, 5,6-fused, or 8,6-fused aromatic bicyclic ring. In some
instances, B is a naphthalenyl, indanyl or indenyl group.

5 In some embodiments, B is a 7-10 membered bicyclic saturated or partially
unsaturated heterocydlic ring having 1-4 heteroatoms indspendently selected from nifrogen,
axygen, and suifur. In some instances, B is a 7-8 membered bicyclic saturated heterocyclic
ring having 1-3 heteroatoms independently selected from nitrogen, oxygen, and suifur. In
some instances, B is a 7-8 membered bicyclic partially unsaturated heterocyclic ring having

10 1-3 heteroatoms independently selected from nitrogen, oxygen, and sulfur. In some
instances, B is a 8-10 membered bicyclic saturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some instances, B is a 9-10
meambered bicyclic partially unsaturatsd heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and suifur. In some instances, B is

15 letrahydroguinoliny, tetrahydroisoquinolinyl, decahydroguinoliny, or quinuclidinyl. In some
instances, B is selected from indolinyl, 3H-indolyl, chromanyl, phenanthridinyt, 2-
azahicycin{2 2 1lheptanyl, octahydroindolyl, or tefrahydrogquinolinyl.

In some embodiments, B is a 8-10 membered bicyclic heteroaryl ring having 1-4
hetercatoms indepsndently selected from nitrogen, oxygen, and sulfur. In some instances, B

20 is a 5,5-fused, 5,6-fused, or 8,6-fused saturated, partially unsaturaied, or aromatic bicyclic
ring having 1-4 heteroatoms, independently selascted from nitrogen, oxygen, or sulfur. In
some instances, B is a §,5-fused, 5,6-fused, or §,6-fused heteroary! ring having 1-4
hetercatoms, independently selected from nitrogen, oxygen, or sulfur. In certain instances, B
is a §,5-fused, 5,6-fused, or 8,6-fused heteroaryl ring having 1-4 nitrogen atoms. In certain

25 instances, Bis a 5,6-fused heleroary! ring having 1-4 nitrogen atoms. In certain instances, B
is pyrroliziny, indolyl, quinoliny, isoquinolinyl, benzimidazoly!, imidazopyridinyl, indazolyl,
purinyl, cinnolinyl, quinazolinyl, phithalazinyl, naphthridinyl, quinoxalinyl, thianaphtheneyl, or
benzofuranyl. in certain instances, B is selected from an indolizinyl, purinyl, naphthyridinyl,
or pteridinyl.

30 In some embodiments, R® is -R, halogen, -OR, -8R, -N{R'),, -CN, -NO,, -C{O)R, -
C{OR, ~-COzR, -COIN(R )2, -C{O)ER, -COIC(OIR, -C{O)CHC{O)R, -C{SIN{R)z, -C(SJOR,
-S{OIR, -SO:R, -SOMN(R )2, -NRIC(OIR, -N{RIC(OINR )z, -NERYCEIN{R Y2, -NRISO:R, -
NRIBONRY2, -NEFEINER Y2, -NERHICENRDN{R ), -C=NN(R)z, -C=NOR, -
CENRMNMNEY, -OC{OIR, or -OC(ON{R')2, where R and R’ are as defined and described

35 herein. in some embodiments, RS is -R. In certain embodiments, RS is hydrogen. In certain
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ather embodiments, R® is halogen. In some embodiments, Rt is -OR, -8R, or -N{R)» In
certain embodiments, R® is -OR. In other embodiments, R%is -CN or -NOz. In some
embodiments, RS is -C(O)R, ~-CO2R, -COINR)z, -C(O)SR, -C{OC(O)R, -COICHC(OIR, -
C{SIN(RYz, or -C(SIOR. In other embodiments, RS is -S{O)R, -80O:R, or -SON({R2. In
5 certain embodiments, R% s -N{RHYCOIR, -N{RHC{OINR )z, -N(RISO:R, -NRISOMN(R Y, -
NRIN(R )2, of -NRICENRMNR ). In certain other embadiments, R® is -C=NN(R"),, -
C=NOR, -C=N{RNN(R 2. In yet other smbodiments, R® is -OC(O)R or -OC{OIN(R)2.
In some embodiment p is an integer from 0 to 5. In some instances, pis 1. In some
instances, pis 2. In some instances, pis 3. In some instancas, p is 4. In some instances, p
10 is 8.
in some embodiments, Y is a covalent bond. In some instancas, Y is an optionally
substituted bivalent C(1-8) hydrocarbon chain wherein one or two methylens unils is
optionally replaced by -NR'-, -N{RIC{O)-, -COINR)-, -NERISO:-, -SONRY-, -0-, -C(0)-, -
QCO)-, GO0, -8-, -B0- or -S02-. In some instances, Y is an oplionally substituted
15 bivalent C(1-3) hydrocarbon chain wherein ong methylene unit is optionally replaced by -
NR'-, -N(RYC({O)-, -C{OIN(R , -N{RISQ», -SON(R)-, -G-, -C(Q})-, -CC(T)-, -C{O}O-, -, -
S0- or -50,-. In certain embodiments, Y is a C-3 hydrocarbon chain wherein aone
methylene unit is oplionally replaced by -NH-, ~-O-, -5-, -8{Q}-, or ~S0z-.
in some embodiments, sach R, is independently selected from hydrogen, halogen,
20 optionally substituted C{1-8) aliphatic, -OR, -8R, -CN, -N{R")., -C{OR, -C(SIR, -CO:R, -
C{OMIN{R),, ~C{OISR, -COIC{OIR, ~-CLOCHC(OIR, -C{SIN(R), -C{S)OR, -S{MR, -80:R,
~SOMNRY, -NIRICIOIR, -NRICOINR, -NRYC{SIN{R Yz, -NRISOR, -NR)ISONR), -
NRINRz, -NERHCENRNINR )z, -C=NN{R )2, -C=NOR, -CENRDBNERY,, -OCOR, -
QC(OINR"Y;, or -{CHz)qR* wherein g is 0-3 and R~ is halogen, optionally substituied C(1-8)
25 aliphatic, -OR, -8R, -CN, -N{R),, -C{O)R, -C{8)R, ~-COR, -C{OINR"),, -C{O)SR, -
COYCHOIR, -C{OICHLC(OIR, -C(SIN(R)2, -C{GOR, -S(O)R, -8R, ~-BON{Ra, -
NRC{OIR, -NRYCOINR )2, -NERICESINER Y, -NRISOLR, -NRISOMN(R)z, -N{RIN(R')2,
SNRICENEDNR),, ~C=NN(R),, -C=NOR, ~-CENRDNR)z, -OC{OIR or -OC{OIN{R)2.
in some embodiments, each R, is independently selected from hydrogen and a C(1-6) alkyl.
30 In some instances, each R; is independently selected from methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl or tert-butyl. In certain instances, each Ry is independently selected from
G{1-8) aliphatic, -OR, -N{R)z, -C{OIR, -CCOR, -NRICIOR, -COINR, or -CO:R.
in some embodiments, sach R; is independently selscted from hydrogen, halogen,
aptionally substituted C(1-8} aliphatic, -OR, -8R, -CN, -N(R")z, -C{O)R, -C(S)R, -CO:R, -
35 COINRY, -COSBR, -COICIOIR, ~-C{OICHL{OIR, -C{EINR N, -CE)OR, -S{OR, -SO:R,
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~BOMNR2, -NERICOR, -NRYCOINR )2, ~NRHICEINR Yz, -NRISOR, -NR)ISONR Y., -
NRIN(R Y2, -NEOCENERDINR )2, -C=NNR),, -C=NOR, -CERNRDINR )2, -OCIOR, -
OC{OINRY)2, or -{CHz) R wherein g is 0-3 and R is halogen, optionally substituted C(1-8)
aliphatic, -OR, -8R, -CN, -N(R2, -C{O)R, -C(S)R, -CO2R, -C{ON(R)z, -CO)SR, -

S SOICOR, -COICHCOR, -CEINIR),, -C(SI0R, -S(O)R, -80R, -SONR}z, -
NERICIOIR, -NRCIOINGR Y2, -NRICEINR Y2, -NIRISOR, -NRISOMNER 2, -NRINER),,
NEICENEMINR )z, -C=NN(R}z, -C=NOR, -CENRDNR )2, -OCOIR or -OC(OINR )2.
in some embodiments, sach Rz is indepsndently selected from hydrogen and a C(1-8) alkyl.
in some instances, each R» is independently selected from methyl, ethyl, n-propyl, isopropyt,

10 n-butyl, iso-butyl or teri-butyl. In certain instances, each Ry is independently selected from
C{1-6) aliphatic, -OR, -N(R)z, -C{O)R, ~-OC{OIR, -NRICOR, -C(OINR’, or -COR.

In some embodiments, nis an integer from 0 io 12, In some instances, nis 1. In
some insiances, nis 2. in some instances, nis 3. In some instances, nis 4. in some
instances, nis 5. In some instances, nis 6.

15 In some embodiments, Z is -CHy. In some instances, Z is -NH. In some instances, Z
is -0-. In some instances, Z is -8-.

In some embodiments, the bromaodomain-containing 4 ligand (BR) is of formula 1A3:

(Rs)éf (1A3)
wherein:
20 Xpisfrom G, N, Oor g,
XeisfromC, N, Cor S,
Xsis C or N;

z=z= regrasents a singls or doubls bond; and
gach of Rs, Ry, Rs, R and Ry is independently selected from hydrogen, halogen,
25 hydroxyl, alkoxyl, cyano, atkyl, substituted alkyl, aikenyl, substifuted alkenyi, alkynyt,
substituted alkynyl, aryl, substifuted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyl,
substituted alkoxycarbonyi, aminoacyl, substituted aminoacy!, aming, substituied amino,
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acylamino, substituted acylamino, thiol, substifuted thiol, sulfoxide, substifuled sulfoxide,
sulfone, substituied sulfone, sulfoximing or substituted sulfoximine.

in some instances, Xy is NorQ; Xz is N, and X3is C or N, iIn some instances, X, is
Ny Xzis N and Xsis N Insome instances, Xu is O, Xois N and X3 is C.

5 In some instances, Re is hydrogen or a C(1-6) alkyl. In some instances, Re is
selected from methyl, sthyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl. In cerain
instances, R is methyl. in some instances, Ry is hydrogen or g C(1-6) alkyl. In some
instances, R7 s selected from methyl, sthyl, n-propyl, isopropyl, n-butyl, iso-putyl or tert-
butyl. In certain instances, Ry is hydrogen. In soms instances, Ry is hydrogen or a C(1-6)

10 alkyl In some instances, Rsis selectad from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-
butyl or fert-butvl. In cerlain instances, Rais hydrogen. In some instances, R is hydrogen
or a C(1-8} alkyl. in some instances, Rg is selected from methyi, ethyl, n-propyl, isopropyl, n-
butyl, iso-butyl or feri-butyt. In cerain instances, Ry is hydrogen. in some instances, Ry is
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-bulyt or tert-butyl. In cerlain

15 instances, Ry is hydrogen. in cerfain instances, Re is methyl and each of Ry, Ry Re and Ry
is hydrogen.

In some instances, CRy ==== X, represents a double hond,; and CX; === X,

represents a single hond.
in some embodiments, B is a 3-7 membered saturated or partially unsaturated
20 carbocyclic ring, phenyl, an 8-10 memberad bicyclic saturated, partially unsaturaied, or aryl
ring, a 4-7 membered saturated or partially unsaturated heterocyclic ring having 1-2
hetercatoms independently selected from nitrogen, oxygen, and sulfur, a 5-6 membered
monocyelic heteroaryt ring having 1-3 heterecatoms independeantly selected from nitrogen,
axygen, and suifur, a 7-10 membered bicyclic saturated or partially unsaturated heterocyclic
25 ring having 1-4 heteroatoms independently selected from nifrogen, oxygen, and sulfur, or an
8-10 membered bicyclic heteroary! ring having 1-4 heteroatoms indspendently selected from
nitrogen, oxygen, and sulfur. In some instances, B is phenyl. In some inslances, Bis g 3-7
membered saturated or partially unsaturated carbocoyclic ring. In ceriain instances, B is
cyclopropyt, cyciobutyl, cyclopentyl, cyclohexyl, or cycicheptyl. In certain instances, B is
30 cyclopentenyl, cyclohexenyl, or cycloheptenyl
In some embodiments, B is a 4-7 membered saturated or padially unsaturated
heterooychic ring having 1-2 heterogtoms independently selected from nifrogen, oxygen, and
sulfur. In cerfain embodiments, Ring B is a 5-6 membered saturated or partially unsaturated
heterocychic ring having 1-2 heterocatoms independently selected from nitrogen, oxygen, and
35 sulfur. In certain embodiments, Ring B is tefrahydrofuranyl, tetrahydrothienyl,
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tetrahydropyranyl, tetrahydrothiopyranyl, pyrrohdinyl, pyrrohdonyl, piperidiny, pyrroliny,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyi, or
maorpholinyl.

In some embodiments, B is a 5-6 membered monocyclic hetercaryl ring having 1-3

5 helersatoms independently selected from nitrogen, oxygen, and sulfur. In some instances, B
is 6-membered heteroaryl ring having 1-3 nitrogen atoms. In some instances, Bis a 6-
membered heteroaryl ring having 1 nitrogen atom. In some instances, B is a 6-membered
heteroaryl ring having 2 nitrogen atoms. in some instances, B is a 6-membered hetercaryl
ring having 3 nitrogen atoms.

10 in some embodimants, B is a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur. In some instances, Bis a 5-
membered heteroary! fing having 1 hetercatom independently selected from nitrogen,
oxyqen, or sulfur. in some instances, B is a 5-membered hefercary ring having 2
heteroaloms independently selecied from nitrogen, oxygen, or sulfur. In some inslances, B is

15 a5-membered heteroaryl ring having 2 heteroatoms independently selected from nitrogen
and oxygen. in some instances, B is a 5-mambered heteroaryl ring having 2 hetsroatoms
independently selected from nitrogen and sulfur. In some instances, B is a 5-membered
heteroaryl ring having 1-3 nitrogen atoms. In certain instances, B is selected from thienyl,
furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl,

20 thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridaziny, pyrimidinyl, or pyrazinyl.

In some embodiments, B is a 7-10 membered bicyclic saturaied or partially
unsaturated heterocyclic ring having 1-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur, or an 8-10 membered bicyclic heteroarvi ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, and sulfur. In some instances, Bisa §,5-

25 fused-, 56-fused, or 8 6-fused saturated, parlially unsaturated, or aromatic bicyclic ring. In
some instances, B is a 5,5-fused, 5,6-fused, or 8,6-fused aromatic bicyclic ring. In some
instances, B is a naphthalenyl, indanyi or indeny! group.

In some embodiments, B is a 7-10 membered bicyclic saturaied or partially
unsaturated heterocyclic ring having 1-4 heteroatoms independently selectsd from nifrogen,

30 oxygen, and sulfur. In some instances, B is a 7-8 memberead bicyclic salurated heterocyclic
ring having 1-3 heteroatoms independently selected from nitrogen, oxygen, and sulfur. in
some instances, B is a 7-8 membered bicyclic partially unsaturated heterocyelic ring having
1-3 heteroatoms independently selscted from nitrogen, oxygen, and sulfur. In some
instances, B is a 8-10 membered bicyclic saturated heterocyclic ring having 1-3 heteroatoms

35 independently selected from nitrogen, oxygen, and sulfur. In some instances, Bis a 8-10
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membered bicyclic partiaily unsaturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and suifur. In some inslances, B is
tetrahydroguinolinyi, tetrahydroisoquinoliny!, decahydroquinolinyl, or quinuclidinyl. In soms
instances, B is selected from indolinyl, 3H-indolyl, chromanyl, phenanthridinyl, 2-
azabicycin|2.2.1}heptanyl, octahydroindolyl, or tetrahydroquinolinyl.

In some embodimenis, B is a 8-10 memberesd bicyclic heteroaryl ring having 1-4
heteroatoms independently selected from nitrogen, oxygen, and sulfur. In some instances, B
is a §,5-fused, 5,6-fused, or 6,8-fused saturated, partially unsaturated, or aromatic bicyclic
ring having 1-4 hetercatoms, independently selected from nitrogen, axygen, or sulfur. in
some instances, B is a 5,5-fused, 5 6-fused, or 8,6-fused hateroaryl ring having 1-4
heteroatoms, indepsendently selected from nifrogen, oxygen, or suifur. in certain instances, B
is a 5,5-fused, 5,6-fused, or 8,8-fused heteroaryl ring having 1-4 nifrogen atoms. in cerfain
instances, B is a 5,8-fused heteroary! ring having 1-4 nitrogen atoms. In ceriain instances, B
is pyrrolizinyl, indolvl, guinolinyl, iscquinclinyl, benzimidazolyl, imidazopyridinyi, indazolyl,
purinyl, cinnolinyl, quinazolinyl, phthalazinyl, naphthridinyl, quinoxalinyl, thianaphtheneyl, or
benzofuranyl. in cartain instances, B is selscted from an indolizinyl, puriny, naphthyridinyt,
ar pleridinyl.

fn some embodiments, R® is -R, halogen, -OR, -8R, -N{R'}z, -CN, -NO;, -C{O)R, -
CISIR, -COR, -CIOIN(R )z, -C{OISR, -C{OIC(OIR, -C{OICHCOIR, -C{EIN({R"),, -C{S)OR,
-S{O)R, -SOR, ~SONRY:, -NRIC(OIR, ~N{RIC(OIN(RY,, -NRICEINR )2, -N(R)SOR, -
NRDISOMN(R Y2, -NRINE Y2, -NRYCENRNNR )z, -C=NN{R )z, -C=NOR, -
CENRMNR ), ~-OCO)R, or -OC{OIN(R')2, where R and R’ are as defined and described
hersin. In some embodiments, R%is -R. In certain embodiments, R® is hydrogen. In certain
other embodiments, R® is halogen. In some embaodiments, R* is -OR, -8R, or -N{R')» In
certain embodiments, R%is -OR. In other embodiments, R% is -CN or -NG:. In some
embodiments, R% is -C{O)R, ~COzR, -C{OIN(R)2, -C(O)SR, -C{OCO)R, -COCHC(OR, ~
C{SIN(RYz, o -C(S)OR. In other embodiments, R® is -S{O)R, -802R, or -S0,N{R 2. In
certain embodiments, R is -NRYCOIR, -NRIC{OINR"Y2, -NRISOR, -NRISC:NR )2, -
NRON(R 2, or -NRICENERNINRY2. In certain other embodiments, RS is -C=NN(R",, -
C=NOR, -C=ENERMNR 2. In yet other embodiments, R® is -QC{O)R or -OC{OIN(R),.

In some embodiment p is an integer from 010 5. In some instances, pis 1. In some
instances, pis 2. In some instances, pis 3. In some instances, p is 4. In some instances, p
is 8.

in some embodiments, Y is a covaient bond. In some instances, Y is an optionally
substituted bivalent C(1-8) hydrocarbon chain wherein one or two methylene units is
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optionally replaced by -NR'-, -NRYC(Q)-, -C{OINER)-, -NR)IS0,-, ~SCN{R)-, -O-, -C{0)~, -
QC{QY)-, -CLOYO-, -5-, -80- or -SO~ In some instances, Y is an optionally substituled
bivalent C(1-3} hydrocarbon chain whearein one methylene unit is optionally replaced by -
NR-, -NRGC(O)-, -COINR , -N{RHIEO2-, -80:N(R}-, -O-, -C{O}-, -CC(0)-, -C{OYC-, -S-, -
S0- or -80¢-. In certain embodiments, Y is a C-3 hydrocarbon chain wherein ong
methylene unil is optionally replaced by -NH-, -O-, -8-, -3(0)-, or -805-.

in some embodiments, each Ry is independently selected from hydrogen, halogen,
optionally substituted C(1-6) aliphatic, -OR, -8R, -CN, -N(R"),, -C(O)R, -C(ER, -COR, -
COIN(R o, -COIBR, -COICOIR, -C{OICHC{OIR, -C{SIN(R )2, -C{SI0R, -S{O)R, -SU:R,
-SOMNRY. -NRICOIR, -NRHCONR Yz, -NRICEINFR)z, -NRISO:R, -N{RISUNR Y,
NFRINR Y2, -NRICENRDPNR)2, -CaNNR)z, -C=NOR, -CENRNIN(RY2, -OCOR, -
QC{OINERY,, or ~{CHz)R* wherein g is (-3 and R is halogen, optionally substituted C{1-8)
aliphatic, -OR, -8R, -CN, -N{R),, -C{OR, -C{8)R, -COuR, ~C{OINR),, -C{O)8R, -
COOR, -COICHCOIR, -C{SIN(Rz, -C(SIOR, -S{O)R, -S0:R, -8C:N(RY., -
NERHICOIR, -NRHCONR )z, -NRICSINER )z, -NRISO:R, -NRISCMN{R):, -NRHINR .,
SNRICENRDNR),, -C=NN(R )2, -C=NOR, -CENRMN{R )2, ~-OC{OIR or -CC{OINR)2.
in some embodiments, each R, is independently selected from hydrogen and a C{1-8) alkyl.

In some instances, each R, is independently selected from methyl, sthyl, n-propyl, isopropyl,
n-butyl, isc-butyl or tert-butyl. In cerlain instances, each R, is independentiy selscted from
C{1-8) aliphatic, -OR, -N(R")z, -C{O)R, -OC{OIR, -NRICOIR, ~-CLOINR', or -COR.

In some embodiments, each Ry is independently selected from hydrogen, halogen,
optionally substituled C(1-8) aliphatic, -OR, -8R, -CN, -N(R"),, -C{OIR, -C{S)R, -CO.R, -
C{OMN(R )z, -COIER, -COICOIR, -C{OICHC(OR, -C(EIN(R’}z, -C{S)OR, -8(O3R, -SO:R,
~SOMNRYz, -NRICOR, -NRICOINR" )z, -NRICEINR )z, -NRISO:R, -N{RISONR Y, -
NRINR Y2, -NRICENERDNR)2, -C=NN(R)2, -C=NOR, -CENRDINR),, -OCOR, -
OCONR)2, or -(CHa) R* wherein g is 0-3 and R* is halogen, optionally substituted C{1-6)
aliphatic, -OR, -8R, -CN, -N(R"), -C{OIR, -C(S)R, -COR, -C{OINR),, -C{O)BR, -
C{OIC{OR, -COICHC{OR, -C{SHN(RYz, -CISIOR, -S(O)R, -802R, -SON(R2, -
NRIC(OIR, -NERYCOINR )2, -NRICEINR Y2, -N{RISO:R, -NRISCN(R)2, -NRIN(R)z,
-NRJCENRNNER), -C=NN(R )z, ~-C=NOR, -CENRNINR )2, -OCOIR or -OC(OINR)2.

In some embodiments, each Rz is independently selected from hydrogen and a C(1-6) alkyl.
in some instances, each Ry s independently selected from methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl or tert-bulyl. In certain instances, each Ry is independently seilscied from
C{1-6) aliphatic, -OR, -N{R")2, -C(O)R, -OC{OIR, -NRIC{OIR, -C{O)NR', or -COzR.
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In some embodiments, n is an integer from 0 to 12. In some instances, nis 1. In
some instances, nis 2. in some instances, nis 3. In some instances, nis 4. in some
instances, n is 5. In some insiances, nis 6.

in some embodiments, Z is -CHs,. In some instances, Z is -NH. In some instances, Z
is -0O-. In some instances, Zis -&-.

In some embodimenis, the romodomain-containing 4 ligand (BR) is of formula 1A4:
Re_"2
\(;; Pl
(Ra = Zm
Al AV
- N R1 Rz

?
t
!

Rﬂ \75"\_’,R
- 15
Ryg™ Ry 'z\
i Ry
Rea {1A4)

where:

nis aninteger from 0 to 12;

m is an integer from 0 1o 5;

XrisfromC, N, Oor§;

Xeisfrom G N, Oor S,

XsisCorN;

zzzz represents a single or double bond;

s rapresents a bond o the linker; and

each of Ry, Ra, Ry, Rs, Ri1, Rz, Rus, Ris and Rys is independently selected from
hydrogen, halogen, hydroxyl, alkoxyl, cyano, alkyl, substituled alioyl, alkenyl, substituled
alkenyl, alkynyl, substituted alkynyl, aryl, substituled aryt, acyl, substituted acyl, carboxy,
alkoxycarbonyi, substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl, amino,
substituted amino, acylamine, subsiituted acviaming, thiol, substituted thiol, sulfoxide,
substituied sulfoxide, suifone, subsiituted sulfone, sulfoximine or substituted sulfoximineg.

In some instances, Xy s NorO; Xy is N; and Xsis C or N In some instances, Xy is
N; Xois Ny and Xsis N Insome instances, X is O; Xois N and Xz is C.

in some instances, Re is hydrogen or a C{1-6) alkyl. in some instances, Re is
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or teri-butyl. In cerain
instances, Re is methyl.

in some instances, Ry Is selected from hydrogen, halogen or a C(1-8} alkyl. In some
instances, Ry is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-bulyl or tert-
butyl. In certain instances, Ry is hydrogen. In some instances, Ry is selected from

fiydrogen, halogen or a C(1-6) alkyl. In some instances, Ry is selected from methyl, ethyl,
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n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl. In certain instances, Rz is hydrogsn. In
some instances, Ry is selected from hydrogen, halogen or g C(1-6) alkyl. in some
instances, Rqa is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or fent-
butyl. in certain instances, Ry is hydrogen. in cerain instances, Rys is halogen. in certain
instances, R is selected from fluorine, chicrine, bromine and iodine. In cerain instances,
Rz is chiorine. In some instances, Ry is selected from hydrogen, halogen or a C(1-8) alkyl.
in some instances, Ry is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or
tert-butyl. in cerlain instances, Ry is hydrogen. In soms instances, Rys is selectsd from
hydrogen, halogen or a C(1-8) alkyl. In some insiances, Rys is selected from methyl, sthyl,
n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl. In centain instances, Ry is hydrogen. In
cerntain embodiments, each ong of Ry, Rip, Res and Rys is hydrogen and Ry; is selected from
fluorine, chiorine, bromine and iodine. In cerlain embodiments, each one of Ry, Ry, Ry and
Ris is hydrogen and Ry is chiorine.

In some embodiments, A is a 5-membersd fused helercaryl ring having 2
heteroatoms independently selecied from nitrogen, oxygen, or sulfur. In some instances, Ais
a 5-mambered fused hetgroaryl ring having 2 heteroatoms indspendently selectsd from
nitrogen or oxygen. In some instances, A is a S-membered fused heteroary! ring having 2
heteroatoms selecled from nitrogen and oxygen. In some instances, A is a 5- membered
fused heteroaryl ring having 2 heteroatoms independently selected from nitrogen or sulfur. in
some instances, A is a -membered fused heteroaryl ring having 2 heteroatoms selected
from nitrogen and suifur. In certain instances, A is selected from thiazolo, iscthiazolo,
oxazolo, isoxazolo, pyrazelo, and imidazolo rings. In cerlain instances, A is isothiazolo.

In some embodimenids, A is benzo, or a 5-6 membered fused heterearyl ring having
1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur. in some
instances, Ais a b-membered fused hetaroaryl ring having 2-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or a 8-membered fused hateroaryl ring having 2-3
nitrogen atoms. In some instances, A is benzo. In some embodiments, A is a 5-6 membered
fused heteroaryl ring having 1-3 hetercatoms independently selected from nifrogen, oxygen,
or sulfur. In some instances, A is a 6-membered fussd heteroaryl ring having 1-3 nitrogen
atoms. In certain instance, A is selected from pyride, pyrimidine, pyrazine, pyridazino, and
friazino, rings. in ceriain instances, Als a 5-membered fused heteroaryt ring having 1
hetercatom selected from nitrogen, oxygen, or sulfur. In certain instances, A is thieno. In
cerfain instances, A is furano. In ceriain instances, A is pyrrolo.

In some embodiments, R* is -R, halogen, -OR, -8R, -N{R'), -CN, -NQO3, -C{OIR, -
CEIR, -COR, -COINR )z, -C{OIER, -C{OIC(OIR, -C{QO)CHC(OR, -C{EIN(R)z, -C{S)OR,
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-S{O)R, ~SO:R, -SOMN(RY2, -NERHC(OIR, -NRIC(OIN(R )2, -NROICEBINR Y2, -NRISOR, -
NRISOMNR Yz, -NERINRY:, -NRICENRDINR):, -C=NN{R);, -C=NOR, -
CENRMINRY), -OCO)R, or -OC{ON(R)2, where R and R’ are as dsfined and describad
herein. In some embodiments, R is -R. In certain embodiments, R* is hydrogen. In certain
other embodiments, R is halogen. In some embodiments, RYis -OR, -8R, or -N({RY- In
certain instances, R4 is -OR. In certain instances, R* is -CN or -NO:. In certain instances, R*
is -CO)R, -COR, ~-C{OIN(R})z, -CLOISR, -COCIOR, -C{OWCHCOR, -C{SIN(R)2, or -
C(BIOR. In certain instances, R 15 -S(O)R, -80:R, or -8Q:N{R:. In certain instances, R is
NRICOIR, -N{RICOIN{R Yz, -NRISO:R, -NRISCN{RYz, -NERINR )z, or -
NERHCENERDNR). In certain instances, RY s -C=NN(R),, -C=NOR, -CENRMINER).. In
certain instances, R* is ~-OC{OIR or -CCOINRY,.

in some embodiment m is an integer from 0 to 8. In some instances, mis 1. In some
instances, mis 2. in some instances, mis 3. in some instances, mis 4. In ceriain
instances, mis 5.

In some embodiments, each R, is independently selected from hydrogen and a C({1-
&) alikyl. In some instances, each Ry is independently sselected from methyi, sthyl, n-propyl,
isopropyl, n-bubvl, iso-bubyl or tert-butyl. In cerlain instances, each Ry is independently
selectad from C(1-6) aliphatic, -OR, -N{R"),, -C{O}R, -OCO)R, -NERHYC(OR, -C(OINR', or -
CO:R. In same instances, each Ry is hydrogen or a C(1-6) alkyl. in some instances, each
Ry is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-bulyl. In
certain instances, each Ry is methyl.

In some embodiments, each Rqis independently selected from hydrogen and a C(1-
&) alkyl. In some instances, each R; is independently seleclted from methyi, ethyl, n-propyl,
isopropyl, n-butyl, iso-butyl or tert-butyl. In certain instances, each Rz is independently
selected from C(1-8) aliphatic, -OR, -N{R")2, -C{O}R, -OC(O)R, -NRIC(OR, -C(OINR', or -
COZR. In some instances, each Rz is hydrogen or a C(1-6) alkyl. In some insiances, each
Ry is selecied from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or terl-butyl. In
certain instances, each R is methyl.

in certain embodiments, n is an integer from 1-4; and sach of Ry and Ry are
independently selected from hydrogen and a C(1-8) alkyl. In cerlain instances, nis an
integer from 1-4 and each of Ry and R are independently selected from maethyl, ethyl, n-
propyl, isopropyi, n-butyl, iso-butyl or tert-butyl. In certain instances, n is an integsr from 1-4
and sach of Ry and Rz are methyl. In centain instances, nis 1 and sach of Ry and R; are
hydrogen. in certain instances, n is 1 and each of Ry and Ry are methyl.
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in some embodiments, Z is ~-CH,. In some instances, Z is -NH. In some instances, Z
is -O-. In some instances, Zis -S-.
In certain embodiments, the bromodomain-containing 4 ligand (BR) is a compound
as described in International Patent Publication No. WO2(012/075456, the disciosure of
5 which is incorporated by reference.

In certain embodiments, the bromodomain-containing 4 ligand (BR) is selected from:

\V;N‘N o) \F;N\O o)

Y,
S\ﬁiwgm I ,! = Y a\w
\ . H ¥
NN

E\\\\/"i =t

O O
C{l oF Ci"

10 wherg vown rapresents a bond to the linksr.

in certain embodiments, the bromodomain-containing 4 ligand (BR) Is of formuia IAS:
2y
e
G
» LV I
g
&N F’ F

H (IAS)
where v represents a bond {o the linker,

in cartain embodiments, the bromodomain-containing 4 Hgand (BR) is selected from:
~_ _LoH . _L-On

h /
R

Qor
wherg vwvn rapresents a bond to the linksr.

in certain embodiments, the bromodomain-containing 4 Hgand (BR) is selected from:
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/fi‘l\\) or /N\/l

where v rapresents a bond 1o the linker.

in certain embodimants, the bromodomain-containing 4 ligand (ER) is sslscted from:

| NH 2N,
5. N N

Rt s@!
by
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&L Estrogen Receptor Ligands

Methods of treating a subject for Diffuse Large B-Cell Lymphoma (DLBCL) are
provided. In some cases, the methods can include administering a chemical inducer of
proximity (CIP) {o ireat the subject for DLBCL. Also provided are compositions that find use
in practicing methods of the disclosurs.

CiPs employed in embodiments of the disclosure include a ligand for an oncogenic
franseription factor, e.¢., an estrogen receptor. This embodiment is of particular significance
in treatment of cancer, where the CIF causes the cancer cell to kill itself with its own driver.
Oncogenic transcription factors ars transcription factors whose activity contribites fo a
neoplastic, e.¢., cancerous, disease condition. The oncogenic ranscription factor may vary,
a.g., depending on the particular nature of the diseass condition being treated, where
examples of oncogenic franscription factors include, but are naot limited {o: hormonal
receptors (e.g., estrogen, androgen and progesterone recepiors and the like), oncogene
drivers (e.g., MYC, MLL fusion proteins, ETS fusion profeins, 8818-8S8X fusion proteins and
the like), translocated fusion oncogenes and proteins that reguiate cell cycle entry (e.g., E2F
family membaers and the like), etc. In some instances, the oncogenic transcription facioris a
hormonal receptor. Hormonal receptors that may be employed as the oncogenic
transcription factor in embodiments of the disclosure include, but are not limited to: eslrogen
recapior (ER), and the like. Any convenient ligands for these hormonal recepiors may be
empioyed, where sullable ligands include small molecule ligands that are capable of
specificaily binding to the target hormonal receptor without any relevant negative impact on
the hormonal receptor's ability to enhance transcription of the target proapoptotic gene when
complexed with the anchor transcription factor by & CiIP, i.e., the transcription-activaling
activity of the oncogenic transcription factor. The molecular weight of these ligands may
vary, and in some instances ranges from 150 Daltons to 500 Daltons such as 250 Dalions to

400 Daltons. Suitable ligands for an estrogen receplor include, but are not limited tor
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In some instances, the ligand is estrone,
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COK Ligands
Methods of treating a subject for a malignancy, e.g., lymphoma (e.g., DLBCL), Lung

o]

cancer (e.g., SCLC), breast cancer, gtc., are provided. In some cases, the methods can
include administering a iranscriptional chemical inducer of proximity (TCIP) which links a
BTB-domain containing protein, e.g., BOL-8 or a related family member, and a cyclin
dependent kinase (CDK) to treat the subject for the malignancy. Also provided are
10 compositions that find use in practicing methods of the disclosurea.

TCiPs employed in embediments of the disclosure may include a ligand for a
transcription modulator, such as a CDK, e.g., COKS, CDKS, CDKA12, or CDK7. This
embodiment is of particular significance in freatment of cancer, where the CIP causes the

cancer cell to Kill itself with its own CRK driver. Any convenient CDK ligands may be

[
A

amployed, where suitable ligands include small moleculs ligands that are capabls of
specificaily binding to the target COK without any relevant negative impact on CDK's ability
{0 enhance transcription of the target proapoptotic gene when complexed with the anchor
transcription factor by a TCIP, i.e., the transcription-activating activity of the CDK. The
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molecular weight of these ligands may vary, and in some instances ranges from 150 Daltons
to 500 Daltons such as 250 Dalions to 400 Daltons.

In some instances, the COK is a CDKS. Suitable ligands for CDKS include, but are
not iimited 1o, those described in published PCT application Publication Nos.:
WOR022/058843; WO/2022/028556; WO/2021/280578; WO/2021/227304;
WO/2021/172358; WO/2020/253556, WO/2020/244812, WO/2020/228513;
WO/2020/202232; WQ/2020/117988, WOQ/2020/082314,; WO/2019/242471;
WO2019/209825; WO/2018/058348 WO/2018/182273; WO/R01TM85023;
WO/2017/001354; WO/2016/061144; WC/2015/119712;, WCO/2014/160028;
WO/2014/150999; WO/2014/160017; WO/2014/151444; WO/2014/139328;
WO/2013/059634; WO/2013/026874, WG/2012/101062; WO/2012/101085;
WO/2007/117653; and WQ/2005/027902; WQ/2004/002228; the disclosures of which are
herein incorporated by reference.

Specific COKS ligands of interest include, but are not limited {o:

Name Reference Structure
SN5-032 Nature Chem Biol, 2018, 14, 163- OJ)<
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in some instances, the CDK is a CDKE. Suitabls ligands for CDKS include, but are
not iimited to, those described in published PCT application Publication Nos.:
WO/2021/108581; WO/2020/07 1550, WC/2020/027704; WO/2018/088613;
WO/2019/031990 WO/2018/156858; WO/2018/136202; WO/2018/027082;
WO2017/202719; WO/2017/185034,; WO/2017/081838; W(O/2018/100782;
WO/R016/008076; WO/2015/048325, WO/2014/194245; WO/2014/124201;
WO/R014/134169; WO/2013/1226009; WO/2013/118788; and WO/2013/001310; the

disclosures of which are hersin incorporated by reference.

wr

10 Specific COKS ligands of interest include, but are notlimited {o:
Name Reference Structure
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In some instances, the CDK is a COK7. Suitable figands for COK7 include, but are

not limited to, those described in published PCT application Publication Nos.:
WO/R2022/138174; WO/2022/084030; WO/2022/082058; WO/2022/064008;
WO/2022/061155; WO/2022/017533, WO/2021/242602; WO/2021/182914;
WO/20214/087 138, WO/2020/186196; WO/2020/003006; WO/2020/003011;
WOR019/143730; WO/2019/143719; WO/201 /088288, WO/2018/231859,
WO/Z018/187357, WO/2018/013867, WO/2017/160787, WO/2016/105528,;
WO/2018/058544; WO/2015/154022; WO/2015/154038; WO/2015/154039;
WO/2015/058140; and WO/2014/083068; the disciosures of which are herein incorporaied

by refarence.

Specific CDKY ligands of interest include, but are not limiled {o;

Name Reference Structure
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LY340510
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no shown)

LDC4279

AR Ligands

Methods of treating a subject for a malignancy, e.g., prostate cancer, are provided. In
some cases, the methods can include administering a transcriptional chemical inducer of
proximity (TCIP) which links g BTB-domain containing protein, e.g., BCL-6 or a related family
member, and an androgen receptor (AR) 1o treat the subject for the malignancy. Also
provided are compuositions that find use in praclicing methods of the disclosure and
procedures for selection of the sensitive patient population.

TCIPs employed in embodiments of the disclosure may include a ligand for a
transcription modulator, such as oncogenic transcription factor, e.g., AR. This embodiment is
of particular significance in treatment of cancer, where the CiP causes the cancer cell to kil
itself with its own driver. Oncogenic transcription factors are transcription factors whose
activity contributes io a neoplastic, e.g., cancerous, disease condition. The oncogenic
transcription factor may vary, where examples of oncogenic franscription factors that may be
ampioyed include AR, Any convenient ligands for these oncogenic transcription factors may
be employed, where suitable ligands include small molecule ligands that are capable of
specificaily binding to the targst oncogenic transeriplion factor without any relevant negative
impact on the target oncogenic transcription factor's ahility to enhance transeription of the

180
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farget proapoptotic gene when complexed with the anchor transcription factor by a TCIP,
i.e., the transcription-activating activily of the ancogenic transcription factor. The molecular
weight of these ligands may vary, and in some instances ranges from 150 Daltons to 500
Daitons such as 250 Daltons to 430 Daltons.

s Suitable ligands for AR include, but are not limited to, those described in U3, Patent
Nos.: 11,358,838, 11,332,465, 11,242,324, 11,185,549, 10,834,271, 10,818,221,
10,766,875, 10,662,148, 10,556,882; 10,526,310; 10,434,075; 10,308,830; 10,150,738;
10,053,418, 9,994,548, 5,969,683; 9,889,110, 9,884,038; 2,744,149, 9,963,433, 9,622,992,
9,611,225, 9,604,916, 9,481,663, 9,359,285; 9,340,524, 9,085,539, 9,809,583, 8,865,918;

10 8,802,689; 53,580,811, 8,519,158; 8,445,507, 8,420,694; 8,193,357; 8,183,388, 7,816,372,
7,727,980, 7,365,202, 7,288,853, 7,214,620; 7,026,484, 6,960,474, 8,534,518, 6,462,038;
8,017,824, and 5,677,336; the disclosures of which are herein incorporated by reference.

Suitable ligands for AR include, but are not limited {o: AR agonists, such as stereidal

AR ageonists, including but not limited to:

18
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in some instances, the AR ligand is an AR antagonist, such as a non-steroidal AR

antagonist, where examples of non-steroidal AR antagonists include, but are not limited to:

in some instances, the AR antagonist is a steroidal AR antagonist, where examples of

steroidal AR antagonists include, bt are not limited to:

Anchor Transcription Factor Ligands

Any one of the methods of the present disclosure can comprise providing in the cell,
e.g., via a protecot such as described below, a transcriptional chemical inducesr of proximity
{TCIP) which links a first endogenous anchor transcription factor that binds o a promoter of
the proapopiotic gens, &.q., BCL-8, {and/or a functional homologue thereof, Table 3}, and a
second endogenous transcription modulating factor, e.g., an ER, a CDK, BRD4, an AR, stc,,
wherein CIP mediated linkage of these factors enhances transcription of the proapoptotic
gene in the cell. In some instances, TCIPs employed in these embodiments are generally as
described above and include a first ligand that specifically binds to the anchor transcriplion
factor, &.g., BCL-8, and a second ligand that specifically binds to a transcription modulating
facior, e.g., an ER, BRD4, g CDKS, an AR, where these first and second ligands are joined
by & bond or suitable linker, e.g., as described below.

A variety of different anchor transcription factors may be employed in mathods of
these embodiments. Anchor transcription factors of inferest include, but are not limited to:
BCL-6, TFAP2A, TFARZC, SP3, TFDP1, ELKS, SREBF1, SREBF2, THRA, SMAD2, TFDP1,
TCF3, USF1, USF2, VEZF1, PBX1, HIF 1A, RARA, FOXU3A, MAZ, E2F1, E2F2, PAXS,
STATH, SPDEF, CREB3L1, BATF, XBP1, SiX4, AR, LEF1, MYB, RUNX1, and PPARG. In
soms instances, the anchor transcription factor is BCL-B.
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Of interest in ceriain embodiments are BTB-domain containing proteins, g.g., BCL-6
and related family members. The small molecules that bind BTB domains, such as Bi3812
and others mentioned above, could produce their sffects by binding to BCLS and/or anyone
or several of the 131 BTB domain-containing proteins encoded in the human genome that

5 arelisted in Table 3, below. In general, these BTE domain proteins also have DNA binding
domains. Because they are often expressed in a tissue-specific way, they allow the
activation of different biologic programs in different cell types by the TCIP. Inthe case of a
specific cancer, selective expression of the BTB-domain containing protein could produce
cell death, e.g., by removing repression due ta a variety of epigenetic mechanisms, including

10 removal of polycomb repressive complexes, removal of histone deacetylation complexes or
gther means. In addition, the recruitment o the genstic locus occupied by the BTE-domain
containing protein could produce death of the cancer cell by steric interference or other
meachanisms. In addition, the BTB-domain containing protein recruited {0 make a ternary
compiex could empower it with a new activily of therapeutic usefuiness. For sxample, the

15 cell type specific BTB domain protein could pravent the binding of BRD4 to chromatin in
specific iypes of cancer celis such as SCLC, thereby providing tissue-specific inhibition of
the actions of BRD4.

BTB domain containing proteins, BCLE homologues, shown in Table 3, include family
members which are known o repress cell death genes including p&3, Puma, Bim and others

20 (dob10 4048/ immunol. 1800013; doi 10.4048/immunocl. 1101451; doi:
10.338%/fimmu.2021.713294; dx.doi.org/10.1016/.molcel 2014.02.017). Repression of
cell death genes is due {0 the binding of epigenetic repressors such as BCOR, SMRT,
NCOR and others. The BTR domain of this family is critical for this repression and point
mutations in the BTB domain near the corepressor binding sites release repression and

25 result in abnormal cell death {doi: 10.4049/immuncl. 1600013}, Because the BTB family
have functional similarities to BCLS, ligands for their BTB domains are useful for building

TCIPs similar {o the ones described in this application for BCLS.

Tabie 3. BTB domain containing proteins useful for designing and synthesizing

CiPs and TCIPs
ABTB1 KCR17 KLH28 ZBT17
ABTB2 KCD18 KiH28 Z8T18
ABTB3 KCD1¢ KiH28 28720
ANFY1 KCD2G KLH30 ZBT21
ARNMCS KCD21 KUH31 ZRT22
ATP7E KCNAT KEH32 ZBT24
AURKSE KCNAZ2 KLH34 ZBT25
BACD1 KONAJ KLH35 ZBT28
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BACD2 KCNA4 KLH38 ZBT32
BACD3 KONAS KLH38 ZBT34
BACH!1 CNAB KLH4Q ZBT37
BACHZ KCNAY KLH41 ZBTa8
BCLS KCONRY KLH42 ZBT39
BCLGR KCNB2 KLHLA ZBT40
BRMS1 KONC1T KLHL2 Z8T41
BT3D1 KONC2 KLHL3 ZBT42
BTRD2 CNC3 KUHL4 ZBT43
BTBD3 KONC4 KUHLS ZBT44
BB KCEND1 KLHLG ZBT45
BTBD7 KCND2Z KLHLY ZBT48
BTBDS KCND3 KLHLB 2847
BT80D9 KONFY KLHLS 281432
BTBDA KONGH1 LASPY ZBT7A
BTBDG KGNG2 LG3BP ZBT7B
BTBDH KONG3 LZTRY ZBT7C
BTBDI CNG4 MYNN ZBTEA
BTBDJ KCNRG NAGCCH ZBT8B
CALY KCNS1 NACCZ 28781
CTND1 KCNS2 NCOR2 Z8TE2
DAXX KONS3 NF2L2 ZBTB3
ENCH KONV NPTXR ZBTE4
FXL17 KONW2 NS1BF ZBTBE
GAN KCTD PATZ1 ZBTBS
GMCL1 KCTD2 PLAGH ZBTES
GMCL2Z KCTO3 REX1 ZF80E
GZFY KCTD4 RCBT1 ZiM3

H2AY KCTDS RCBT2 ZN124
HICH KCTDS RHBTH ZN131
HIC2 KCTD7 RHBT2 ZN132
1BTK KCTD8 RHBT3 ZN133
PP KCTOw RHOA ZN155
KAISO KEAR1 RNF4 ZN254
KBYB2 KLH10 SANER ZN347
KBTE3 KLHT1 SHKB1 ZN4B4
KBTB4 KLHI2 SiX4 ZN528
KBTBS KLH13 SPOP ZN5E4
KBTB7 KLH14 SPOPL ZINST7
KBTE8 KLH1E TIF1B ZNEB2
KBT8B KLH17 TZAR ZNB1
KBTBC KLH1E upat ZNB75
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KBTRD KLH20 Z355P ZNG75
KCA1D KLHZ21 ZBT10 ZN724
KCD11 KLHZ22 ZBT11 ZNB05
KCD14 KLH23 ZBT12 ZN845
KCD1S KLH24 ZBT14 ZNB8D
Kepie KLHZE ZBT1i8 ZNFGB

ZNF93

Z8C10

in TCIPs of these embodiments, any convenient ligand for these anchor transoription

factors may be employed, where suitable ligands include small molecule ligands that are
capable of specifically binding to the target anchor transcription factor without any relevant

5 negative impact on the anchor transcription factor's abilify to bind to target DNA binding site.
The molecular weight of these ligands may vary, and in some instances ranges from 50
Daitons to 1200 Dalions such as 200 to 500 Daltons. Suitabie ligands for the anchor
franscription factor may be chosen using any convenient protocol, such as in sifico screening
protocols, and the like, such as described below.

{0 Where the anchor transcription factor is BCL-8, suifable ligands include, buf are not
limited to, those described in U.S. Patent Nos. 11,242,351, 11,192,880; 11,161,839;
11,001,570; 9,943,506; 8,791,075; 8,703,503, 8,338,464, and 7,819,578, as well as those
described in United States Patent Application Publication Nos. 20210330672, 20210208758;
20210163497, 20210147382; 20210053978, 20200331921, 20200325119; 20200308147,

15 20200071297, 20160166549, 20120014879; 20100130564, 20090018083, the disclosures
of which are herein incorporated hy reference.

In some embodimenis, the B-cell lymphoma 6 ligand (BC) is of formula 1B:

{B)
where:
20 [ is selecied from a bond, alkyl, amide, ester, carbamate, acyl, substituted acyl,
carboxyl, alkoxycarbonyi, substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl,

aming, substituted amino, acylaminoe and subsiifuted acylamino;

185



10

20

30

35

WO 2023/215311 PCT/US2023/020719

£ is ~CH or nitrogen;

G is nitrogen or CRz, wherein R is selected from hydrogen, —C{1-4) alkyl, —O—
C{1-14) alkyl, —O-—C{1-4} haloalkyl, —C{1-4) haloalky! and halogen;

Jis -CH or nitrogen;

M is -CH or nitrogen;

Kis -CHa, O, 8 or -NH;

snnn reoprasents a bond to the linker; and

each of Rqg, Ry7, Rig, Rig, Ran, Kot Ry is independently selected from hydrogen,
halogen, hydroxyl, atkoxyl, cyanoc, alkyl, substituted alkyl, atkenyi, substituled alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl, acyl, substituled acyl, carboxyl,
alkoxycarbonyl, substituted alkoxycarbonyi, aminoacyl, substituted aminoacyl, amino,
substituted amino, acylamine, substituled acylamine, thiol, substituled thiol, sulfoxide,
substituted sulfoxide, suifone, substituted sulfone, sulfoximine or substituted sulfoximine.

in some instances, D is an amide. In some smbodiments, D is an optionally
substituted C(1-8) aliphatic. In some embodiments, D is substituted. In some ambodiments,
I3 is unsubstituted. In cartain embodimenis, D is C(1-6) alkyi. In certain embodiments, D is
C{1-4) alkyl. In certain embodiments, D is methyl, ethyl, propyl, or isopropyl. In some
instances, D is an optionally substituled bivalent C{1-8) hydrocarbon chain wherein ong or
two methyiene units is optionally replaced by -NR'-, -N{RYC(O)-, -C{OIN(R}-, -NRY1S0,-, -
SOMN(R)-, -O-, -C{O)-, -0C{0)-, -C(OYT-, -8-, -80- or -80»-. In some instances, D is an
optionally substituted bivalent C{1-3} hydrocarbon chain whersin one methyiens unit is
optionally replaced by -NR'-, -NR)C{O)-, -C{OINR |, -NRIS0,-, -SONRY-, -O-, -C{O)-, -
OCO), GO0, -8-, -80- or -80»-. In cartain embodimeants, D is a C(1-3) hydrocarbon
chain wherain one methylene unit is optionally replaced by -NH-, -G~ -8~ -8(0)-, or -80:-.

In certain instances, & is nitrogan. In cerlain instances, E is -CH.

in some instances, Ry is selected from hydrogen, halogen or a C(1-6) alkyl. In some
instances, Ris is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-
butyl. in certain instances, Ry is hydrogen. in certain instances, Rys is halogen. In some
instances, Rys is selected from fluorine, chiorine, bromine and iodine. In some instances,
Ris is chiorine.

In some instances, Ryyis selected from hydrogen, halogen or a C(1-6) alkyl. In some
instances, Ry is selected from methyl, sthyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-
butyl. in certain instances, Ry is hydrogen. in certain instances, Ry7 is halogen. In some
instances, Ry is sslected from fluorine, chiorine, broming and iodine. In some instances,
Ry is chiorine. In certain instances, Ris i8 hydrogen and Ry7 is chiorine,
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In some embodiments, Ry is selected from hydrogen, —C{1-4) allyt, —O0—C(1-4)
alkyl and halogen. In some instances, Rqq 15 selected from methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl or terf-butyl. In some instances, Ris is selectad from methoxy, sthoxy, n-
propoxy, isopropoxy, n-butoxy, iso-butoxy or tert-butoxy. In some instances, Ryeis an

5 optionally substituied bivalent C(1-8) hydrocarbon chain wherein one or two methylene uniis
is optionally replaced by -NR-, -N{RYC(O}-, -C{O)N(R)-, -M{R'}802-, ~-8ON(R)-, -O-, -C{O)-,
-OCL0)-, -C{O)C-, -G, -80Q- ar -30,-. In some instances, Ry is an oplionally substifuted
bivalent C(1-3) hydrocarbon chain wherein ong methylene unit is optionally repiaced by ~
NR-, -N(RYC(O)-, -C{OINR |, -N{RI8C, -STN(R)-, -O-, -C(Q)-, -CC{T)-, -C{O}O-, -8, -

10 80- or -30,- In certain embodiments, Ry is a C(1-3) hydrocarbon chain wherein one
Rie is selected from flucring, chiorineg, bromine and iodine.

In some instances, Rigis selected from hydrogen, halogen or a C{1-8) alkyl. In some
instances, Rigis selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or terl-

15 butyl Incertain instances, Ryg is hydrogen. In certain instances, Ry is halogen. In some
instances, Ry is selectad from fluorine, chiorine, bromine and ioding. In some instances,
Ry is chiorine. In certain instances, Ry is hydrogen, Ryy is chiorine and Ry is hydrogen.
In some embodiments, G is CRys and Raa is selected from hydrogen, C{1-4) alkyl, —
O—C{1-4} alkyl, —O—C{1-4) halcalkyl, and halogen. In some instances, Ry is hydrogen, —
20 C{1-4) alkyl, —~O—C(1-4) alkyl and halogen. In some instances, Rax is selected from methyl,
athyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-bulyl. In some instances, Ras is selectad
from methoxy, sthoxy, n-propoxy, isopropoxy, n-butoxy, iso-buloxy or {er-butoxy. In some
instances, Roz is an optionally substituted bivalent C(1-8) hydrocarbon chain wherein one or
two methylene units is optionally replaced by -NR'-, -N(RYC{O)-, -C{OIN(R'}-, -NRIEO,-, -
25 SOMNERY-, -O-, -C{O)-, -OC(0)-, -C{OYQ-, -&-, -80- or -80:-. In some instances, Rz is an
optionally substituted bivalent C(1-3) hydrocarbon chain wherein one methylene unit is
aptionally replaced by -NR-, -N{RIC(O)-, -COINR , -N{RIBCz-, -SONRY-, -O-, ~C0O)-, -
QC(O)-, -C{OYO-, -8-, -80- or -802~. In ceriain embodiments, Rz is a C(1-3) hydrocarbon
chain wherein one methylene unit is cptionally replaced by -NH-, -O-, -8, -§(0)-, or -SCs-. In
30  some instances, Ry is selected from fluorineg, chiorine, bromine and iodine.

In some instances, Jis -CH. In some instances, J is nitrogen. In some instances, M
i5-CH. In some instances, M is nitrogen. In some instances, Kis -CHe. In some instances,
K is oxygen. In some instances, K is suifur. In some instances, Kis -NH.

in some embodiments, Ry is selected from hydrogen, —C(1-6} alkyt optionally

35  substituted with one group sslected from —OH, —NHzg, ~O—Csalkyl, —NH-—C(1-4) afiyl,
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—N{C1aalkyl)s, —C(3-8) cycloalkyl and 4 to 7 membered haterooyelyl, wherein each
cycloalkyl and heterocyclyl group is optionally and independently substituted by one group
selected from —C({1-3) alkyl or Rz is —C(3-6) cycloalkyl, 4 1o 7 membered heterocyciyl,
wherein each group is optionally substituted by one group selected from —C(1-3) akyl. in
5 some instances, Ry is selected from —C(1-4) alkyl, optionally substituted with one group
selected from —OH, —C (3-8} cycloalkyl and —N{Calkyl)z. In some embodiments, Ra s
selected from —CHj, —CHCHs, —CHCHLCHa, —CH(CHa),, —(CH230H, —(CH2)2(CHa)z,
—CHa-oyclopropy! and —(CH2)N(CHz)2. In some instances, Ry is hydrogen or a C(1-6)
alkyl. In some instances, Rz is selected from methyl, ethvi, n-propyl, isoprapyl, n-butyl, iso-
10 butyl or terf-butyl. In centain instances, Ry is methyl.

In some embodiments, Ry is selected from hydrogen, —C(1-4) alkyl, —0—C{1-4)
atkyl and halogen. in ceriain instances, Ruo is hydrogen. In some instances, Ry s selected
from methyt, ethyl, n-propyl, isopropyl, n-buiyl, iso-butyl or tert-butyl. In some instances, Rug
is ssiected from methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy or tert-bufoxy.

15 in some instances, Ry is an optionally substituted bivalent C(1-8) hydrocarbon chain
whersin one or two methylene unils is oplionally replaced by -NR'-, -N{RYC{O)-, ~-C{ON(R"-,
-N{R}IS02-, -8O:N(R)-, -O-, -C{0)-, -OCO)-, -C{OYO-, -8-, -80- or -80¢. In some
instances, Ry is an optionally substituted bivalent C(1-3) hydrocarbon chain wherein one
methylene unit is oplionally replaced by -NR'-, -N{RYC{O)-, -C{OINR |, -N{RHYSOC,-, -

20 BONRY-, -O-, -C{0)-, -OC{0)-, ~-C{O)T-, -8-, -80C- ar -80,-. In certain embodiments, Rgg s
a C(1-3} hydrocarbon chain wherein one methylene unit is oplionally replaced by -NH-, -O-, -
8-, -S(C)-, ar -80,-. In some instances, Ry is selected from fluorine, chiorine, bromine and
iodine,

In some embodiments, Ry is -L-C{R2Ras)—Ras of —CH=CH-—Ras wherein Ly is —

25 QO— or —8—; Rusis hydrogen or C{1-4) alkyl;, Rasis hydrogen or C(1-4) alkyl; or Rzaand Raes
taken together form a —C{3-5) cycloalkyl; Rogis ——COOH, —CONHy, —C{O)Ra7, =~
C{OYORyy, —C{ONRyyR s, —S{0O)—Cisalkyl, —B(Q)—C{1-8) alkyl, —P{O}—{(Craalkyl)s, —
C{NHYNHz, Rayis a 3-6 membered heierocyclyt or —C{1-4) alkyl optionally substituted by
one or more, identical or different groups selected from —QH, —CF3, —N(C1.salkyls, —C{3-

30 6) cycloalkyl, 3-8 membered heterocyolyl, —C(2-4) alkenyl, —Coaalkynyl; and Rygis

hydrogen or C(1-4) alkyl. in cerntain instances, Ry is selected fron:
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in some embodiments, Ry is: |

In certain embodimeants, the B-cell lymphoma 6 ligand (BC) is of formula IB1:
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in certain embodiments, the B-cell lymphoma 6 ligand (BC) is of formula IB3:
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in certain embodiments, the B-celi lymphoma 6 ligand (BC) is of formula IB4:
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In certain embodiments, the B-celi lymphoma 6 ligand (BC) is of formula 1B5:
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wheare:
D is selected from a bond, alkyl, amide, ester, carbamatle, acyl, substifuted acyl,

carboxyl, alkoxycarbony!, substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl,

W

aming, substituted amino, acylamine and substituled acylamino;
£ is -CH or nitragen;
G is nitrogen or CRa;, whersin Ros is selecied from hydrogen, —C{1-4) alkyl, ~—C—
C{1-14) alkyl, —O—C{1-4) haloaikyl, —C{1-4} haloalkyl and halogen;
Jis -CH or nitrogen;
10 M is -CH or nitrogen;
G is -CH or nitrogen;
Kis-CHa, O, Sor NH;
wnaa represents a bond to the finker; and

each of R, Ri7, Rig, Rig, Ry and Ray is independently selectad from hydrogen,

Yons
W

halogen, hydroxyi, alkoxyl, cyano, alkyl, substituted alkyl, alkenyi, substituled alkenyi,
alkynyl, substituted alkynyl, aryl, substifuted any, acyl, subsiituled acyt, carboxyl,
alkoxycarbonyl, substituted alkoxycarbonyl, amincacyl, substituted aminoacyl, amino,
substituted amino, acylamine, substituted acviaming, thiol, substituled thiol, sulfoxide,
substituted sulfoxide, suifone, substituted sulfone, sulfoximine or substituted sulfoximine.
20 In some instances, D is an amide. In some embodiments, D is an optionally
substituted C{1-6} aliphatic. In some embodiments, D is substituted. In some embodiments,
D) is unsubstituted. In certain embodiments, & is C{1-6) alkyi. In certain embodiments, D is
C{1-4) alkyl. In certain embodiments, D is methyl, ethyl, propyl, or isopropyl. In some
instances, D is an optionally substituled bivalent C(1-8) hydrocarbon chain wherein one or
two methylens units is optionally replaced by -NR-, -NRYC(O)-, -C{OINER'}-, -NRIS0Co, -
SON(R)-, -0O-, -C{0}-, -OC{0)-, -C{OYO-, -G-, -8~ or -S0,-. In some instances, D is an
optionally substituted bivalent C(1-3} hydrocarbon chain whersin one methyisne unit is
optionally replaced by -NR'-, -NR)C{O)-, -C{OINR , -NRISOC,-, ~SOMNRY-, -C-, -C{O)-, -

wr
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QC(O)-, -COY0-, -8-, -80- or -802-. In certain embodiments, D is a C(1-3) hydrocarbon
chain wherein one methylens unit is optionally replaced by -NH-, -O-, -5, -§(0)-, or -SQ%-.
In certain instances, £ is nitrogen. In certain instances, E is -CH.
In some instances, Ris is selecled from hydrogen, halogen or a C(1-6) akyl. in some
5 instances, Rie is selected from methyl, ethyl, n-propyl, isopropyl, n-bubyi, iso-butyl or tert-
butyl. In cerfain instances, Ry is hydrogen. In cerfain instances, Rys is halogen. In some
instances, Ry is selected from flucrine, chioring, bromine and iodine. In some instances,
R1s s chiorine.
In some instances, Ry is selected from hydrogen, halogen or a C(1-8) alkyl. In some
10 instances, Ry7is selected from methyil, sthyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-
butyl. in certain instances, Ry7 is hydrogen. in certain instances, Ry7 is halogen. In some
instances, Ry i5 selected from fluorine, chiorine, bromine and iodine. In some instances,
Ry7 is chiorine. In cerfain instances, Ryg is hydrogen and Ryy is chiorine.
In some embodiments, Ry is selected from hydrogen, —C(1-4} alkyl, —O—C(1-4)
15 alkyl and halogen. In some instances, Rqg is selected from methyl, sthyl, n-propyl, isopropyl,
n-butyl, iso-butyl or tert-butyl. In soms instances, Rys is selectad from methoxy, sthoxy, n-
propoxy, isopropoxy, n-butoxy, iso-butoxy or tert-butoxy. In some instances, Rygis an
optionally substitufed bivalent C{1-6} hydrocarbon chain whergin one or two meathylene units
is optionally replaced by -NR-, -N{R}C(O}-, -C{O)N{R"}-, -N{R"1SC2-, -SOQNIRY-, -O-, -C{O)-,
20 -OC0), -C{OYO-, -8-, -80~ or -B0,»-. In some instances, Rqs is an optionally substituted
bivalent C(1-3) hydrocarbon chain wherein ons methylens unii is optionally replaced by -
NR-, -N{RIC(O)-, -COINR , -N{RIBO-, -SONR)-, -Q-, -C(O)-, -QC(Q)-, -COWD-, -8, -
80- or -80,-. In certain embodiments, Ry is @ C(1-8) hydrocarbon chain wherein one
methylene unit is optionally replaced by -NH-, -O-, -&-, -8(QC}-, or -80,-. In some instances,
28 Ryg is selected from flugring, chiorine, bromine and iodine.
in some instances, Ryqis selected from hydrogen, halogen or a C(1-6) alkkyl. In some
instances, Rigis selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyi or teri-
butyl. in certain instances, Rye is hydrogen. in certain instances, Rye is halogen. In some
instances, Ry is selected from fluorine, chiorine, bromine and iodine. In some instances,
30 Ry is chiorine. In cerlain instances, Rye is hydrogen, Ry is chlorine and Ryg is hydrogen.
In some embodiments, G is CRy and Rys is selected from hydrogen, C{1-4) alkyl, —
Q—C{1-4) alkyl, —0O—C{1-4) haloalkyl, and halogen. In some instances, Ra is hydrogen, —
C(1-4) alkyl, —O-—C(1-4) alkyt and halogen. in some instances, Ry is selected from methyl,
ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl. In some instances, Ras is selecled
35 from methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, ise-butoxy or teri-butoxy. In some
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instances, Ry is an optionally substituted bivalent C(1-8) hydrocarbon chain wherein one or
fwo methylene units is optionally replaced by -NR'-, -NRYC(O)-, -COINR)-, ~-NRI1SCs, -
SONRY-, -O-, -C{0)-, -OC{0)-, -C{OYT-, -&-, -80- or -50»-. In soms instances, Ry is an
optionally substituted bivalent C{1-3} hydrocarbon chain whersin one methylens unit is

5 optionally replaced by -NR-, -N(RYC(O)-, -C{OINR , -N(R IS0, -8OMN(RY-, ~O-, -C(Q)-, -
OC(O)-, -C{O}0O-, -B-, -80- or -805-. In certain embodiments, Rx is a C(1-3) hydrocarbon
chain wherein one methylens unit is optionally replaced by -NH-, -C-, -8~ -8(Q)-, or -802-. In
some instances, Ry is selected from fluerine, chlorine, bromine and ioding,

In some instances, Jis -CH. In some instances, J is nitrogen. In some instances, M

10 is-~-CH. In some instances, M is nifrogen. In some instances, K is -CH,. In some instances,

K is oxygen. in some instances, K is sulfur. In some instances, K is -NH.
in some embodiments, Ry is selected from hydrogen, —C(1-4) alkyl, —O—C{1-4)
alkyl and halogen. In certain instances, Rag is hydrogen. In some instances, Ry is selected
from methyl, sethyl, n-propyl, isopropyl, n-buiyl, iso-butyl or tert-butyi. In some embodiments,

15 Raois methyl. In some instances, Ry is selected from methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, iso-butoxy or tert-butoxy. In some insiances, Rap is an optionally
substifuted bivalent C(1-8) hydrocarbon chain wherein one or two methylene units is
optionally replaced by -NR'-, -NR)C{O}-, -C{OINRY-, -NRISO0,-, -SOMNRY-, -O-, -C{Q}-, -
OC{0)-, -C{O)}O-, -5-, -S0- or -S0z-. Iy some instances, Ry is an optionally substiluted

20 bivalent C{1-3) hydrocarbon chain wherein one methylene unit is oplionally replaced by -
NR'-, -NRYC(O)-, -COINR , -N{RIBO,-, -SON(R -, -0, -C(C)-, -OC(0)-, -C{OY0-, -8-, -
S0- or -S04 In certain embodiments, Ry is @ C(1-3) hydrocarbon chain whersin one
methylene unit is optionally replaced by -NH-, -O-, -8, -8(0)-, or -80,-. In some instances,
R is selecied from fluorine, chiorineg, bromine and iodine.

25 In some embodiments, Ray is salected from hydrogen, —C(1-8) alkyl optionally
substituted with one group selected from —OH, —NHz, —0—Cyalkyl, —NH—C(1-4) alkyl,
—N(C1.qalkyllz, —C(3-8) cycloalkyl and 4 to 7 membered heterocyclyl, wherein sach
cycloalkyl and heterocyclyl group is optionally and independently substituted by one group
selected from —C(1-3) alkyl or Rogis —C{3-6) cycloalkyl, 4 1o 7 membered heterocyciyl,

30 whergin each group is optionally substituted by one group selected from —C(1-3) alkyl. in
some instances, Ry is selected from —C(1-4) alkyl, optionally substiiuted with one group
selected from —0OH, —C(3-6} cycloalkyl and —N(Caalkyle. In some instances, Ry is
selected from —CHs, —CHzOHs, ——~CHCHCHa, —CH{CH3)a, ——{CH2)s0H, —(CHz)2(CHa)z,
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:

X
—CHg-cyciopropy! and —{(CHg)N(CHs)2. In certain embodiments, Ry is OH  in some
instances, Rz is selected from —C(1-4) alkyl, optionally substiiuted with one group selected
from —OH, —C{3-8) cycloalkyl and —N{Calkyl). In some embodiments, Ry is selected
FTOM —CHa, —CHaCHs, —CHaCHoCHa, —CH(CHa)z, —{CHalaOH, —{CHa)a(CHa)a, —CHa-
cyclopropyl and —(CHu)N{CHa)o. In some instances, Ry is hydrogen or a C{1-6) alkyl. In
some instances, Ry is selectad from methyl, ethyl, n-propyi, isopropvi, n-butyl, iso-buiyl or
tert-butyl. In cerlain instances, Ry is methyl.

in certain embodimenis, the B-cell lymphoma 6 ligand (BC) is of formula IBE:

T

HO-
\ (1B6)

where < raprasents a bond {o the linker.
in some embodiments, the B-celi lymphoma 6 ligand (BC) is of formula 1BT:
Rug

J7

(87}

where:

D is selected from a bond, alkyl, amide, ester, carbamale, acyl, substituted acyl,
carboxyl, alkoxycarbonyi, substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl,
aming, substituted amino, acylamine and substituted acylamino;

£ is -CH or nitrogen;

G is nitrogen or CRz:, whersin Ros is selected from hydrogen, —C(1-4} alkyl, ~—C
C{1-14) alkyl, —O-——C({1-4} haloakkyl, —C{1-4) haloalky! and halogen;

J is -CH or nitrogen;
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M is ~CH or nitrogen;

Kis ~-CHg, O, 8 or NM;

o represents @ bond o the linker; and

each of R, Ri7, Rys, Ry and Ry Is independently selected from hydrogen, halogen,
hydroxyl, alkaxyl, cyano, alkyl, substituted alkyl, atkenyl, substiluted alkenyl, alkynyl,
substituted alkynyl, aryl, substituted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyl,
subsiituted alkoxycarbonyl, aminoacyl, substiluted aminocacy!, aming, substitulied amino,
acylamino, substituled acylamino, thiol, substituted thiol, sulfoxide, substituted sulfoxide,
sulfone, substiiuted sulfone, suifoximine or substituted sulfoxdimine.

In some instances, D is an amide. In soms embodiments, D is an optionally
substituted C(1-8) aliphatic. In some embodiments, D is substituted. In some ambodiments,
D is unsubstituted. In certain embodiments, D is C(1-6) alkyl. in cerlain embodiments, D is
C{1-4} alkyl. In certain embadiments, D is methyl, ethyl, propyl, or isopropyl. In some
instances, D is an optionally substituted bivalent C(1-8) hydrocarbon chain wherein one or
two methylene units is optionally replaced by -NR'-, -NRYC(O)-, -COINR)-, -NERISOs-, -
SCNRY-, -O-, -C{O}-, -OCL0O)-, -C{CYO-, -8-, -80- or -80»-. In some instances, D is an
aptionally substifuted bivalent C(1-3) hydrocarbon chain wherein one methylene unit is
aptionally replaced by -NR'-, -NR)C{O}-, -CIOINR |, -NRISO,-, -SCNRY-, -O-, -C{0O)-, -
OC{0)-, -C{O)}O-, -5-, -80- or -S0z-. In certain embodiments, D is a C(1-3) hydrocarbon
chain wherein one methyiene unit is optionally replaced by -NH-, -O-, -8~ -8{0)-, or -8C;-.

In ceriain instances, E is nitrogan. In ceriain instances, £ is -CH.

in some instances, Rig is selected from hydrogen, halogen or a C(1-6) alkyl. in some
instances, Rie is selectad from meathyl, ethyl, n-propyl, isopropyl, n-bubyl, iso-bulyl or tert-
butyl. In ceriain instances, Rys is hydrogen. In certain instances, Rys is halogen. In some
instancas, R is selected from fluorine, chiorine, bromine and iodine. In soms instances,
Ris is chiorine.

In some instances, Ry is selected from hydrogen, halogen or a C{1-6) alkyl. In some
instances, Ry7is selected from methyl, ethyl, n-propyl, isopropyl, n-butyi, iso-butyi or teri-
butyl. In certain instances, Ry is hydrogen. In certain instances, Ry is halogen. In some
instances, Ryy is selected from flucrine, chiorine, bromine and iodine. In some instances,
Ry7 is chiorine. In certain instances, Ry is hydrogen and Ry7 is chiotine.

in some embodiments, Rqs is selected from hydrogen, —C(1-4) alkyl, —O—C{1-4)
alkyl and halogen. In some instances, Rys is selected from methyi, ethyl, n-propyl, isopropyt,
n-butyl, iso-butyi or tert-butyl. In some instances, Rys is selected from methoxy, ethoxy, n-
propoxy, isopropoxy, n-hutoxy, iso-butoxy or tert-butoxy. In some instances, Rysis an
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optionally substituted bivalent C(1-8} hydrocarbon chain wherain one or two meathylene units
is optionally replaced by ~-NR'-, -N{RC(O}-, -C{OINR'}-, ~N{RI80¢-, -SQNRY-, -Q-, -C(0)-,
-OC{Q)-, -C{OYD-, -8-, -80- or -850, In some instances, Rys is an optionally substituted
hivalent C(1-3) hydrocarbon chain wherein one methylens unit is oplionally replaced by -

5 NR-, -NRICO)-, -COINR |, -NRIBOz, -SONR)-, -O-, -C(O}-, -OC{O)-, -C{O)0O-, -8-, -
S0G- or -804~ In certain embodiments, Rq is a C{1-3) hydrocarbon chain wherein one
methylene unit is optionally replaced by -NH-, -O-, -&-, -S(Q}-, or -SCQ,-. In seme instances,
R1g is selected from fluoring, chioring, bromine and iodine.

in some instances, Ryeis selected from hydragen, halogen or a C(1-6) alkyl. In some

10 instances, Rigis selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-
butyl. in certain instances, Rye is hydrogen. in certain instances, Ry is halogen. In some
instances, Rqs is selected from fluorine, chiorine, bromine and iodine. In some instances,
Rig is chiorine. In ceriain inslances, Ry is hydrogen, Ry is chiorine and Ryg is hydrogen.

in some embodiments, G is CRus and Ry is selected from hydrogen, C{1-4) alkyl, —

15 O—C{1-4) alkyi, —0O—C{1-4) haloalkyl, and halogen. in some instances, Res is hydrogen, —
C(1-4) alkyl, —O—C(1-4) alkyt and halogen. in some instances, Rz is selected from methyl,
ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl. In some instances, Ry is selecled
from methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-buloxy or {erd-butoxy. In some
instances, Rz is an optionaily substitutsd bivalent C{1-6) hydrocarbon chain wherein one or

20 two methyiene units is optionally replaced by -NR'-, -N(R)YC{O})-, ~-C{OIN(R)-, -N(R")YS0»-, ~
SO:N{RY-, -0O-, -C{O)-, -OC{0)-, -C{O)0O-, -8-, -80- or -80;-. In some instances, Rz is an
optionally substitided bivalent C(1-3) hydrocarbon chain wherein one methyiene unitis
optionally replaced by -NR'-, -NRYC(O)-, -CIOINR | -NRI18O,-, -SON(RY)-, -O-, -C(O)-, -
QC(O)-, -C(OYO-, -8-, -B0- or -80,-. In cerlain embodiments, Ry is a C(1-3) hydrocarbon

25 chain wherain one methylens unit is optionally replaced by -NH-, Q- -8-, -8(0)-, or -804 In
some instances, Ry is selecied from fluorins, chiorine, bromine and iodine.

In some instances, Jis -CH. In some instances, J is nitrogen. in some instances, M
is -CH. In some instances, M is nitrogen. In some instances, K is -CHz. In some instances,
Kis oxygen. In some instances, K is sulfur. In some instances, Kis -NH.

30 In some embodiments, Ro is selected from hydrogen, —C(1-6) alkyl optionally
substituted with one group ssisclted from —OH, —NH;z, —O-Csalkyl, —NH-—C{1-4) alkyl,
~N(C 1agikyl)e, —C (3-8} cycloatkyi and 4 to 7 membered heterocyclyl, whersin each
cycloalkyl and heterocyclyl group is optionally and indepeandently substifuted by one group
selected from —C(1-3) alkyl or Ry is —C{3-8) cycloalkyl, 4 1o 7 membersd hetsrocycivl,

35 wherein each group is optionally substituted by one group selectad from —C{1-3) alkyl. In
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some instances, Ry is selected from —C{1-4) alkyl, optionally substituted with one group
selected from —OH, —C(3-8) cycloalkyl and —N(Craalkyllz. In some embodiments, Ruris
selected from-—CHa, —CHCHa, —CH2CHCHs, —CH{CHa)z, —{(CH2)30H, —{CHa)2(CHs)z,
~CHa-cyciopropy! and —(CH)N(CH3)z. In some instances, Ry is hydrogen or a C{1-8)

5 akyl Insome instances, Ry is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-
butyl or terl-butyl. In certain instances, Ry is methyl.

In certain embodiments, the B-cell lymphoma 6 ligand (BC) is of formula IB8:

wherein -~ represents a bond {o the linker.

10 In some sembodiments the B-cell iymphoma 6 ligand (BC) is of formula 1BS:

where:
D is selected from a bond, alkyl, amide, ester, carbamate, acyl, substituted acyl,
carboxyl, alkoxycarbaonyi, substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl,
15 amino, substituted amino, acylamine and substituted acylamino;
£ is -CH or nitrogen;
Jis -CH or nitrogen;
M is -CH or nitrogen;
Kis-CHz O, S or NH;
20 weee pepresents @ bond o the linker; and
gach of R, Riy, Rus, Rig and Rz is independently selected from hydrogen, halogen,
hydroxyl, alkoxyl, cyano, alkyl, substituted alkyl, atkenyl, substiluted alkenyl, alkynyl,
substituted alkynyl, aryl, substifuted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyl,

subsiifuted alkoxycarbonyl, aminoacy!, substituted aminoacyl, aming, substituted amino,

197
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acylamino, substituted acylamino, thiol, substifuted thiol, sulfoxide, substituled sulfoxide,
sulfone, substituied sulfone, sulfoximing or substituted sulfoximine.

In some instances, D is an amide. In soms embodiments, D is an optionally
substituted C(1-6) aliphatic. In some embodiments, D is substitited. In some smbodiments,
0 is unsubstituted. In certain embodiments, D is C{1-6) alkyl. In certain embodimenis, D is
C(1-4} alkyl. In certain embodiments, D is methyl, ethyl, propyl, or isopropyl. In some
instances, D is an optionally substituted bivalent C{1-8)} hydrocarbon chain wherein one or
iwo methylene units is optionally replaced by -NR'-, -NRYC(O)-, -CIOINR)-, -NERIS0-, -
SC:NERY-, -C-, -C{O}-, -CCOY)-, -C{OHT-, -B-, -80- or -8C:-. In some instances, D is an
optionally substituted bivalent C(1-3) hydrocarbon chain wherein one methyiene unit is
aptionally replaced by -NR'-, -NRC(O)-, -CLOINR |, -N(R)S0q-, -SONRY-, -C-, -C{O)-, -
QC(Q)-, ~CIOYO-, -5, -80- or -S0z-. In certain embodiments, D is a C(1-3) hydrocarbon
chain wherein one methviene unit is optionally replaced by -NH-, -0~ -8-, -S{0)-, 0r -8S0y-.

in ceriain instances, £ is nitrogen. In certain instances, £ is -CH.

In some instances, Ris is selected from hydrogen, halogen or a C{1-8) alkyl. In some
instances, Ry is selectad from mathyl, ethyl, n-propyt, isopropyl, n-butyl, iso-buty! or ten-
butyl. In cerfain instances, Rqe is hydrogen. In cerfain instances, R is halogen. in some
instancas, Ry is selected from fluorine, chiorine, broming and indine. In some instances,
Ry is chiorine.

In some instances, Rz is selected from hydrogen, halogen or a C(1-8) alkyl. In some
instances, Ry7is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or terl-
butyl. in certain instances, Ry is hydrogen. In certain instances, Ryr is halogen. In some
instances, Ry is selectad from flucrine, chicrine, bromine and ioding. In some instancss,
Ry7 is chiorine. In certain instances, Rys is hydrogen and Ry7 is chiorine.

In some embodiments, Rys is selected from hydrogen, —C{1-4) allyl, —O—C(1-4)
alky! and halogen. In some instances, Rys is selected from methyl, ethyl, n-propyl, isopropyi,
n-butyl, iso-butyl or tert-butyl. In some instances, Rys is selected from methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, iso-butoxy or tert-butoxy. In some instances, Ryzis an
optionally substituted bivalent C(1-6) hydrocarbon chain wherein one or fwo methylene units
is optionally replaced by -NR-, -N{RYC(O)-, -C{OIN(R)-, -N{R'1B0,-, ~SON(RY-, -C-, -C{Q)-,
~OC{0}-, -C{OYO-, -8-, -80C- or -802-. In some insiances, Ry is an oplionally substituted
bivalent C(1-3) hydrocarbon chain wherein one methylene unit is optionally repiaced by -
NR-, -N{RHYC{O)-, -C{OINR | -N(RHI8Q, -STN(R}-, -O-, -C(0}-, -GT(0)-, -COYO-, -5, -
S0- or -80;-. In cerlain embodiments, Ry is a C(1-3) hydrocarbon chain wherein one
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methylene unit is optionally replaced by -NH-, -O-, -&-, -8(0)-, or -802-. In some instances,
Ris is selected from flucring, chiorine, bromine and iodine.

In some instances, Ripis selected from hydrogen, halogen or a C{1-8) alkyl. In some
instances, Rygis selectad from mathyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-
butyl. In certain instances, Ry is hydrogen. In certain instances, Ry is halogen. In some
instances, Rig is selectad from flucrine, chioring, bromine and iodine. [n some instances,
Rys is chiorine. In certain instances, Rye is hydrogen, Ry is chiorine and Ry is hydrogen.

In some instances, Jis -CH. In some instances, J is nifrogen. In some instances, M
is -CH. In soms instances, M is nitrogen. In some instances, K is -CH.. In some instances,
K is oxvgen. In some instances, K is sulfur. In some instances, Kis -NH.

in some embodiments, Ry is selected from hydrogen, —C(1-6) alkyl optionally
substituted with one group selected from —OH, —NHy, —O—Cqaalkyl, —NH—C{(1-4) aliod,
~—PMN(C1aatkylz, —C{3-68) cycloalkyl and 4 to 7 membsred heterocyclyl, wherein sach
cycioalkyl and heterocyclyl group is optionally and independently substituted by one group
selected from —C(1-3) alkyl or Ry is —C{3-6} cycloalkyl, 4 to 7 membersd heterocyclyl,
wherain each group is optionally substitutad by one group sslected from —C(1-3) alkyl. in
some instances, Ry is selected from —C{1-4) alkyl, oplionally substituted with one group
selected from —OH, —C(3-8) cycloalkyl and —N({Cisalkyl)a. In some embodiments, Ry is
sslected from —CHg, —CHCOH;, —CHCHCH;, —CH(CHg)e, ~—{(CH2):0OH, —(CHo2(CHa)z,
—CHz-cyclopropyl and —(CH2)N(CHa)2. In some instances, Re is hydrogen or a C(1-8)
alkyl. In some instances, Ry is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-
butyl or tert-butyl. In certain instancas, Ry is methyl

Whers the anchor transcription factor is BCL-6, suitable ligands may include, but are

not iimited {o:
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In certain embodiments, the B-cell lymphoma 6 ligand (BC) is of formula IB10:

wherg v rapresents a bond to the linksr.
in certain embodiments, the B-cell lymphoma 6 ligand (BC) is a compound such as
10 those described in United States Patent Publication No. 2020/0071297, the disclosure of
which is herein incorporated by reference.
in certain embodiments, the BCLS ligand is able to bind to other BTB domain
containing proteins, such as those shown in Table 3. These ligands can be produced based
on the orystal structure of the BCOLS BTB domain occupied Dy any of the compounds listed
15 above and the primary sequence of the specific BTB domain containing protein. In other
embodiments that BCLS BTB ligands desecribed above bind to a different BTE domain
containing proteins and produce their therapeutic effects by this means.
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Linkers

As described above, the present disclosurs provides chemical inducers of proximity
having two ligands, e.g., a BCL-6 (B-cell lymphoma 6) ligand and a second ligand (e.g.,
BRD4 {bromodomain-containing 4) ligand, an ER ligand, an AR ligand, a CDK ligand, etc.,
that are covalently bonded through a linker. When employed, any convenient linker may be
employed to link the first and second ligands 1o sach other. Linkers of interest are linkers
that provide for a stable association of the first and second ligands in & manner such that the
first and second ligands are capable of specifically binding to their respective endogenous
factors in the cell. As the linker provides for stably associating the first and sscond ligands
with each other, the first and second ligands do not dissociate from each other under celiular
conditions, &.q., conditions at ihe surface of a call, conditions inside of a cell, efe. Linkers
may be provided for stable association of the first and second lgands using any conveniant
binding, such as covalent or non-covalent binding, where in some instances the linker
componant is covalently bound to both the first and second ligands. Suitable linkers include,

but are not limited to, those linkers described above.

Additional Details

TCiPs employed in embodiments of the disclosure are those that enhance
transcription of a pro-apoptotic gene in a cell, e.g., as illustrated in FiG. 1. By enhancing
transcription of a pro-gpoptotic gene is meant increasing transcription of the pro-apoptotic
gene. The magnitude of increase in transcription may vary. In those instances where
transcription of the pro-apoptotic gene is not detectable by a suilable assay, embodiments of
the methods result in an enhancement of ranscription so that ranscription is deteclable,
e.g., by delecting the expression product of the proapoptotic gene or activity thereof, 8.g.,
apoptosis or an indicalor thereof, In those instances where there is a base lgvel of
transcription that is detectable, the magnitude of increase may vary and, in some instances,
may be 1.5-fold or more, 2-fold or more, such as 5-fold or more, including 10-fold or mare.

The methods may result in enhancing transcription of a varisty of different
proapoptotic genes. Proapoptotic genes are genes the exprassion products of which
promote or cause apopiosis, L., programmed cell death that ocours in multiceliular
agrganisms, which may be charactsrized by a variety of cell changes, such as blebbing, cell
shrinkage, nuclear fragmentation, chromatin condensation, chromosomal DNA
fragmentation, and giobal mRNA decay, and death. Specific proapopiotic genes of interest
for transcription that may be enhanced in embodiments of the disclosure include, but are not

202
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limited to: PUMA (BECS3), BIM (BCL2L11), BID, BAX BAK BOK, BAD, HRK, BiK, BMF, and

NOXA, and the like. Their relative ability to kill breast cancer cells when simply

overaxpressed are shown in Table 4. These measurements are useful in picking

transcription factors and ligands for targeting the TCIP to 2 specific effective pro-apoptotic
gene, such as BMF, BIM and HRK.

Tabie 4: instructive Examples of the Method of Selection of Pro-apopistic Genes for
Hijacking Cancer Drivers {0 Infrinsic Cell Death Pathways
Gene Class/Function % viable MCF7 celis % increase in
after” overexpression apoptotic MCF7
{24h & 48h) cells {24h1
BIM (BCL2L11) | BH3 aclivator 66% 42% 23%
BiD BHS activator 100% 89% &%
PUMA(BBC3) | BH3 98% 20% 8%
activator/sensitizer
BAD BH3 sensitizer 100% 98% 17%
NOXA BH3 sensitizer 1% 89% 37%
(PMAIPD
HRK BH3 sensitizer 88% 57% 30%
BMF BH3 sensitizer 83% 55% 51%
BiK BH3 sensitizer 91% 78% 18%
BAX Direct pore former 100% 87% 18%
BAK Direct pore former 98% 80% 38%
BOK Alternative pore 97% 20% 32%
former

*Values shown on the right are the aciual exparimenial values found after inducing expression in
MCF7 ER-posilive breast cancer. (see experimental saction)

Pro-apoptotic genes are of particular interest because they are expressed at levels
that balance the antiapoptolic genes, allowing the cell to survive by virtus of this balanced
steady state. Another example is the master transcriptional activator of cell death FOXC3,
which activales other proapoplotic genes (Akf promoles cell survival by phosphorylating and
inhibiting a Forkhead transcription factor. Brunet A, Bonni A, Zigmond MJ, Lin MZ, Juo P, Hu
L8, Anderson MJ, Arden KC, Blenis J, Greenberg ME. Cell. 1899 Mar 19,26(6):857-68. doi:
10.1016/s0082-8574(00)80585-4. PMID: 10102273 )

BRD4-BCLE TCIPs
As raviewed above, in some embodiments, chemical inducers of proximity include a
compound of formula I
BR-L-BC (I}
where:

BER is a ligand that spacifically binds to bromodomain-containing protein 4 (BRD4);
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BC is a ligand that specifically binds to B-cell lymphoma 6 (BCL-8) or a BCLE BTRB-
domain family member; and

L is a linker {optional},

or a pharmacsutically acceptable salt thereof.

5 FIG. 1 provides an dlustration of how to build a TCIP by rational design using existing
components. As shown in FIG. 1, the design of a TCIP configured to hijack BCLS to kil
BRD4-pasitive DCBCL or SLCL cells is shown. BCLS is g transeription factor and oncogene
that prevents death of a variety of cancer cells, including lymphoma and SCLC cells, by
binding the repressors BCOR, NCO and SMRT (PMID:30335946) on the promoters of cell

10 death genes. Several inhibilors of BCLS's repressive function have been produced that
prevent the binding of BCOR, NCOR and SMRT to a site formed by the dimeric surface of
BCLS (PMID:18280243) However, these inhibitors have not been sufficiently active 1o be
used therapautically (PMID:30335048).

Chemnical linkage of BCL-6 inhibilors, such as BI3812(PMID32275432), to BRD4

15 ligand compounds, e.g., JQ1, that then bind and induce proximity to the cell death (pro-
apoptatic) promoters, such as those for TR53, PUMA and BiM, convert the inhibitor of cell
death to an activator of cell death in cells expressing BRD4, such as DCBLC or SCLC cells.

In certain embodiments, chemical inducers of proximity of interest having a BCL-8
{B-cell lymphoma 6) ligand and a BRDA4 {(bromodomain-containing 4) ligand include a
20 compound selected from:
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in some instances, the TCIP is JWZ-7-7 having the structure provided in FIG. 2.

In some examples, compounds (e.g., CiP, TCIP) having a BCL-6 (B-cell lymphoma
8} ligand and a BRD4 (bromodomain-containing 4) ligand can include one or more members
selected from the following:
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Mathods of enhancing transcription of pro-apoptotic genes, e.g., as described herein,
find use in, for example, freatment of malignancies. The target malignancy treated by
embodiments of the disclosure may be any malignancy having celis that are susceptible {o

212
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activity of a TCIP, such as described herein. In some instances, the malignancy is
characierized by the presence of malignant cells having slevaled levels of BCLS and normal
or above normal levels of BRD4. In some instances, the malignancy is S8CLC, a lymphoma,
such as non-Hodgkin's lymphoma, e.g., DLBCL, including refractory DLECL, such as CHOP-
s resistant DLBCL,; and the like. In some instances, the methods are methods of treating
SCLC. in some instances the methods are methods of treating a lymphoma, such as non-
Hodgkin's lymphoma, e.g., DLBCL, including refractory DLBCL, such as CHOP-resistant
DLBCL.
Embodiments of the meathods may include assessing whether a subject suffering

10 from a neoplastic disease has a particular type of malignancy (.e., cancer)
For examples, embodiments of methods may include assessing whsather the subject has a
susceptible iung cancer, such as SCLC, including BRDM4 positive SCLC, which SCLC may
be refractory SCLC. For example, the methods may include assessing whether the SCLC is
BRD4 positive, and then employing an appropriate TCIP to treat the particular cancer. For

15 example, if the SCLC is BRD4 positive, a CIP having a ligand that binds to BRD4 may be
empioyed. Embodimenis of the msthods may include assessing whether a subject suffering
from a neoplastic disease has a particular type of DLBCL, including BRDA4 positive DLBCL,
which DLBCL may be refractory DLBCL, such as CHOP-resistant DLBCL. For example, the
methods may include assessing whether the DLBCL is BRD4 positive or BCLS positive, and

20 then employing an appropriate TCIP to treat the particular cancer. For example, if the
DLBCL is BRD4 posilive or BCLE positive, a CiP having a ligand that binds {o BRD4 or
BCLS may be emploved.

Whers the target malignancy is 8CLC, in some instances the targst patient

population includes patients with SCLC either contained or metastatic at the time of

25 presentation or discovery. Among patients with SCLC, those to be {reated for SCLC can be
chosen by measuring the level of exprassion of BCLS (and/or other BTE domain containing
protein) and BRD4 (and/or other BET family proteins) in their tumors. These levels can be
measurad by RNA-seq, Western blotting or immunchistochemistry using antibodies against
these profeins, mass spectrometry, intraceilular FACS, elc. Patents whose tumors have high

30 level expression of BRD4 and BCLS or its homologues will be the target population that
would be expected to respond favorably. About 40% of patients treated with R-CHOP
therapy fail to go into remission. These patients would be candidates for treatment with a
TCIP, e.g., JWZ-7-7, particularly those whose tumor has high levels of BCLS orone of iis
hamologues and those whose umor expresses BRD4 or one of its homologues. These

35 levels can be measured by RNA-seq, Western biotting or immunohistochemistry using
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antibodies against these proteins. About 70% of patients with small cell lung cancer have
distant metastasis at the time of diagnosis. The median survival of this group untreated is
about 3 months. With ireatment the median survival is 6 {o 8 months. Those patients that
have melastasis at the time of treatment and whose tumor expressead high levals of BRD4
and BCLS would be likely {o benafit from treatment with JWZ-7-7. A similar approach may
be employed to identify appropriate patient populations suffering from cther malignancies,
e.g., lymphomas, such as DOBLC, such as described above,

ER-BCLE TCiPs

FiG. 1 provides an illustration of how 1o build a CIP by rational design using axisting
components. As shown in FIG. 1, the design of a CIP configured {0 hijack BCLES to kil ER-
positive DLBCL cells is shown. BCLS is a franscription factor and oncogene that prevents
death of a variety of cancer cells, including breast cancer cells, by binding epigenetic the
repressors BOOR, NCOR and SMRT (PMID:30335946) on the promoters of cell death
ganes. Several inhibitors of BCLE's repressive function have been produced that prevent
the binding of BCOR, NCOR and SMRT {0 a site formed by the dimeric surface of BCLS
{(PMID:18280243) However, thesea inhibilors have not been sufficianily active to be used
therapsutically (PMID:30335248).

Chemical linkage of BCL-6 inhibitors, such as BIZB12(FMID32275432), {o estrogen
compounds, e.q., estrong, that then bind and induce proximity to the call death {pro-
apoptotic) promoters, such as those for TPS3, PUMA and BIM, convert the inhibitor of cell
death to an activator of call death in cells having high concentrations of estrogen receptors,
such as but not limited to breast cancer cells and estrogen sensitive lymphoma cells.
Examples of the CiPs synthesized by the above protocol and designed o hijack BCL-8's
repressive activity and convert it {o an activator of cell death are shown in FIG. 8A Details of
the synthesis of the compounds are provided in Example |, below. Each structure includes
an estrogen receptor binding molety connected by a chemical finker to a BCLS inhibitor
based on the previously described molecule BI3812 (PMID32275432). These types of
maiecules may find use in freating DLBCL, including refractory DLBCL, such as CHOP
resistant DLBCL.

Any one of the methods of these embodiments can comprise providing in the celi,
&.g., via a protocol such as described below, a chemical inducer of proximity (CIP) which
links a first endogenous anchor transcription factor that hinds {0 a promoter of the
proapoptotic genes, e.q., BCL-6, and a second endogencus oncagenic transcription factor,
&.g., an estrogen receptor, wherein CiP mediated linkage of anchor and oncogenic

214
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franscription factors enhances transcription of the proapopiotic gene in the cell. In some
instances, CiPs employed in these embodiments are generally as described above and
include a first ligand that specifically binds 1o the anchor {ranscription factor, e.g., BCL-G, and
a second ligand that specifically binds to the oncogenic transcription factor, e.g., an sstrogen
receptor, where these first and sscond ligands are joined by a bond suilable linker, e.g., as
described above.

Methods of enhancing transcription of pro-apoptotic genes, e.g., as described hergin,
find use in, for example, freatment of lymphomas, such as non-Hodgkins lymphomas, e.g.,
DLBCL. in some instances, the DLBCL is refractory DLBCL, such as CHOP-resistant
DLBCL.

Embodiments of the methods may include assessing whether a subject suffering
from a neoplastic disease has a particular type of cancer, such as DLBCL, including ER
positive DLECL, which DLBCL may be refractory DLBCL, such as CHOP-resistant DLBCL.
For example, the methods may include assessing whether the DLBCL is ER positive, and
then employing an appropriate CIF {o treat the parlicular cancer. For example, if the DLBCL
is ER positive, a CIP having 2 ligand that binds to ERa may be employed.

CDK9-BCLE TCiFs

As reviewed above, in seme embodiments, chemical inducers of proximity include a
compound of formula I

CL-L-BC (B

where:

CL is a ligand that specifically binds to a CDK, e.g., CDKS, CDKS8 and/or CDK7;

BC is a ligand that speciiically binds to B-cell lymphoma & (BCL-8) or a BCLE BTB-
domain family member; and

L is a linker {optional),

or & pharmaceutically acceptable salt thereof.
FIG. 12 provides an illustration of how to build a TCIP by rational design using sxisting
components. As shown in FIG. 12, the design of a TCIP configured to hijack BCLS to ill
CDK2-positive cancer cells is shown. BCLS is a franscription factor and oncogens that
prevenis death of a variety of cancer celis, including lymphoma and SCLC cells, by hinding
the repressors BCOR, NCO and SMRT (PMID:30335848) on the promoters of cell death
genes. Several inhibilors of BCLE's repressive function have been produced that prevent
the binding of BCOR, NCOR and SMRT {0 a site formed by the dimeric surface of BCLE
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{PMID 18280243) However, these inhibitors have not been sufficiently active to be usad
therapeutically (PMID:30335946).
Chemical linkage of BCL-8 inhibifors, such as BI3812(PMID32275432), to CDK

ligand compounds, e.g., COK® inhibifors, that then bind and induce proximity o the cell

5 death {pro-apoptotic) promoters, such as thoss for TP53, PUMA and BIM, convert the
inhibitor of cell death to an activalor of cell death in celis having high concentrations of
CDKS, such as DCBLC or SCLC cells.
Specific TCIPs finding use in embodiments of the disclosure include, but are not limited to:
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Methods of use
Any of the compaositions disciosed herein (including CiPs and TCIPs) may be

applicable for the treatment of a disease or a condition in a subject. Further provided herein
are methods of using the compositions provided herein {including CiPs and TCIPs) in a
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method of reating a disease or condition in a subject. In some cases, the disease or
condition is a malignant disease or condition. In some cases, the compositions, systems,
and methods provided herein may be used for the treaiment of neoplastic disease
conditions, ©.¢., cancer. Specific cancers of interest that may be trealed according o
ambodimants of the disclosurs include, but are not limiled {o:

Adrenocortical Carcinoma, AlDE-Related Cancers (&.g., Kaposi Sarcoma, Lymphoma, eic.),
Anal Cancer, Appendix Cancer, Astrocytomas, Atypical Tergtoid/Rhabdoid Tumor, Basal Cell
Carcinoma, Bile Duct Cancer (Extrahepatic and Intrahepatic), Bladder Cancer, Bone Cancer
{e.g., Ewing Sarcoma, Csteosarcoma and Malignant Fibrous Histiocytoma, sic.), Brain Stem
Glioma, Brain Tumors (8.g., Astrocytomas, Central Nervous System Embryonal Tumors,
Central Nervous System Gearm Cell Tumors, Craniopharyngioma, Epsndymoma, etc.),
Breast Cancer (e.g., fernale breast cancer, male breast cancer, childhood breast cancer,
etc.), Bronchial Tumors, Carcinoid Tumor (e.g., Childhood, Gastrointestinal, etc)), Carcinoma
of Unknown Primary, Cardiac (Heart) Tumaors, Central Nervous System (8.g., Atypical
Teratoid/Rhabdoid Tumor, Embryonal Tumors, Germ Cell Tumeor, Lymphoma, ete.), Cervical
Cancar, Childhood Cancers, Chordoma, Colon Cancer, Colorectal Cancer,
Craniopharyngioma, Ductal Carcinoma In Situ (DCIS), Embryonal Tumors, Endometrial
Cancer, Ependymoma, Esophageal Cancer, Esthesioneuroblastoma, Ewing Sarcoma,
Extracranial Germ Cell Tumor, Exdragonadal Germ Cell Tumeor, Exdrahepatic Bile Duct
Cancer, Eye Cancer (8.9., Intraocular Melanoma, Relinoblastoma, etc.), Fibrous
Histiocytoma of Bone {g.g., Malignani, Osteosarcoma, etc.), Galibladder Cancer, Gasiric
{Stomach) Cancer, Gastrointestinal Carcinoid Tumor, Gastrointestinal Stromal Tumors
{GIST), Germ Cell Tumor (8.g., Extracranial, Extragonadal, Ovarian, Testicular, etc.},
Gestational Trophoblastic Disease, GClioma, Head and Neck Cancer, Heart Cancer,
Hepatocsliular {(Liver) Cancer, Histiocytosis (8.9., Langerhans Cell, sic.), Hypopharyngeal
Cancer, Intraoccular Melanoma, Islet Cell Tumors (e.g., Pancreatic Neuroendocrine Tumors,
atc), Kapost Sarcoma, Kidney Cancer (&.g., Renal Cell, Wilms Tumor, Childhood Kidney
Tumors, eic.), Langerhans Cell Histiocylosis, Laryngeal Cancer, Leukemia (s.g., Acule
Lymphobiastic Leukemia (ALL), Acule Myelold Leukemia (AML}), Aleukemic Leukemia, Acute
Nonlymphoceytic Leukemia, Acuts Monocoytic Leukemia, Acule Granulocytic Leukemia,
Acute Promyelocytic Leukemia, Chronic Lymphocytic Leukemia (CLL), Chronic Myelocytic
Leukemia (CML), Chronic Granuiccytic Leukemia, Adult T-cell Leukemia, Basophylic
Leukemia, Eosinophilic Leukemia, Histiooytic Leukemia, Mast cell Leukamia,
Megakaryocytic Leukemia, Blast Cell Leukemia, Leukemia Cutis, Hairy-Cell Leukemia, Stem
cell Leukemia, Laukopenic Leukemia, Lymphatic Leuksmia, Lymphoblastic Leukemia,
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Lymphocytic Leukemia, Lymphogenous Lsaukemia, Lymphoid Leukemia, Lymphosarcoma
cell Leukemia, Monocytic Leukemia, Myeloblastic Leukemia, Myelocytic Leukemia, Plasma
cell Leukemia, Multiple Myeloma, Plasmacytic Leukemia, Promyelocytic Leukemia), Lip and
Oral Cavity Cancer, Liver Cancer (Primary), Lobular Carcinoma In Situ (LCIS}, Lung Cancer
5 {e.g., Non-Small Cell, Small Cell, elc.), Lymphoma (Non-Hodgkin Lymphoma or Hodgkin's
Lymphoma: &.¢g. Small Lymphocytic Lympghoma, Mantle Cell Lymphoma, Follicular
Lymphoma, Marginal Zone Lymphoma, Exiranodal (MALT) Lymphoma, Nodal (monooytoid
8-cel) Lymphoma, T-cell Lymphoma, Splenic Lymphoma, Diffuse Large Cell B-cell
Lymphoma, Burkitt's Lymphoma, Lymphobiastic Lymphoma, immunoblastic Large Celi

10 Lymphoma, or Precursor B-Lymphoblastic Lymphoma, Cutaneous T-cell Lymphoma,
Peripheral T-cell Lymphoma, Anaplastic Large Cell Lymphoma, BMycosis Fungoides, Primary
Central Nervous System (CNS) Lymphoma and Precursor T-Lymphoblastic Lymphoma.),
Macroglobulinemia (e.g., Waldensirdm, etc.), Male Breast Cancer, Malignant Fibrous
Histiocytoma of Bone and Ostsosarcoma, Melanoma, Merke! Cell Carcinoma,

15 Mesocthelioma, Metlastatic Squamous Neck Cancer with Occult Primary, Midline Tract
Carcinoma Involving NUT Gene, Mouth Cancer, Multiple Endocrine Neoplasia Syndromes,
Multiple Myeloma/Plasma Cell Neoplasm, Myelodysplastic Syndromes,
Myelodysplastic/Myeloproliferative Neoplasms, Nasal Cavity and Paranasal Sinus Cancer,
Nasopharyngeal Cancer, Neuroblastoma, Non-Small Cell Lung Cancer, Oral Cancer, Oral

20 Cavity Cancer (e.g., Lip, eic), Oropharyngeal Cancer, Osteosarcoma and Malignant Fibrous
Histiocytoma of Bone, Ovarian Cancer (8.g., Epithelial, Garm Cell Tumor, Low Malignant
Potential Tumor, ete), Pancreatic Cancer, Pancreatic Neurcendocrine Tumors (Islet Cell
Tumors), Papillomatosis, Paraganglioma, Paranasal Sinus and Nasal Cavity Cancer,
Parathyroid Cancer, Penile Cancer, Pharyngeal Cancer, Pheochromocytoma, Pituitary

25 Tumor, Pleuropulmonary Blastoma, , Prostate Cancer, Reclal Cancer, Renal Cell (Kidneay)
Cancer, Renal Pelvis and Urster, Transitional Cell Cancer, Ratinoblastoma,
Rhabdomyosarcoma, Salivary Gland Cancer, Sarcoma {(8.9., bEwing, Kaposi, Ostecsarcoma,
Rhabdomyosarcoma, Soft Tissue, Uterine, etc.), Sézary Syndrome, Skin Cancer {e.g.,
Childhood, Melanoma, Merkel Cell Carcinoma, Nonmelanoma, etc.), Small Celf Lung

30 Cancer, Small Intestine Cancer, Soft Tissue Sarcoma, Squamous Cell Carcinoma,
Squamous Neck Cancer {e.g., with Occult Primary, Metastatic, etc)), Stomach (Gastric)
Cancer, Testicular Cancer, Throat Cancer, Thymoma and Thymic Carcinema, Thyroid
Cancer, Transitional Cell Cancer of the Renal Pelvis and Ureter, Ureter and Renal Palvis
Cancer, Urethral Cancer, Uterine Cancer (8.g., Endometrial, efc)), Uterine Sarcoma, Vaginal

35 Cancer, Vulvar Cancer, Waldenstrom Macroglobulinemia, Wilms Tumor, and the like.
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Cancers that may be treated further include, epithelial cancers, such as carcinomas, such as
acinar carcinoma |, acinic cell carcinoma, acinous carcinoma, adenocystic carcinoma,
adenoid cystic carcinoma, adenosquamous carcinoma, adnexal carcinoma, adrenocortical
carcinoma, alveolar carcinoma, ameloblastic carcinoma, apocring carcinoma, basal cell

5 carcinoma, bronchioloalveolar carcinoma, bronchogenic carcinoma, cholangioceliular
carcinoma, chorionic carcinoma, clear cell carcinoma, colloid carcinoma, cribriform
carcinoma, ductal carcinoma in sity, embryonal carcinoma, carcinoma en cuirasse,
endometriold carcinoma, epidermoid carcinoma, carcinoma ex mixed tumor, carcinoma ex
pleomorphic adenoma, follicular carcinoma of thyroid gland, hepatocellular carcinoma,

10 carcinoma in si'tu, infraductal carcinoma, Hirthie cell carcinoma, inflammatory carcinoma of
ihe breast, iargs cell carcinoma, invasive iobular carcinoma, iobular carcinoma, lobular
carcinoma in situ {LCIS}, medullary carcinoma, meningeal carcinoma, Merkel celi
carcinoma, mucinous carcinoma, mucoepidermoid carcinoma, nasopharyngeal carcinoma,
non-small cell carcinoma |, non-small celi lung carcinoma (NSCLC), oat cell carcinoma,

15 papillary carcinoma, renal cell carcinoma, scirrhous carcinoma, sebacseous carcinoma,
carcinoma simplex, signsi-ring cell carcinoma, smali call carcinoma , small call lung
carcinoma, spindle cell carcinoma, squamaus cell carcinoma, terminal duct carcinoma,
fransitional cell carcinoma, tubular carcinoma, verrucous carcinoma, and the like.

Methods of enhancing transcription of pro-apoplotic genes, 8.g., as described herein,

20 find use in, for example, treatment of malignancies. The target malignancy treated by
ambodiments of the disclosurs may be any malignancy having celis that are susceptible to
activity of a TCIP, such as described herain. In some instancas, the malignancy is
characterized by the presence of malignant cells having elevated levels of BCLS and normal

or above normal levels of a CDK, e.g., CDKS, COKSE, or COK7. In some instances, the

oo

5 malignancy is SCLC, a lymphoma, such as non-Hodgkin's lymphoma, e.g., DLBCL,
including refractory DLBCL, such as CHOP-resistant DLECL, breast cancer; and the like. In
some instances, the methods are methods of trealing SCLC. In some instances, the
methods are methods of treating a lymphoma, such as non-Hodgkin’s iymphoma, e.g.,
DLBCL, including refractory DLBCL, such as CHOP-resistant DLBCL. In some instances the

30 methods are methods of treating breast cancer.

Embodiments of the methods may include assessing whether a subject suffering
from a neoplastic disease has a particuiar type of malignancy (L.e., cancer)
For sxamples, embodiments of methods may include assessing whether the subject has a
susceptible malignancy, such as SCLC, inciuding COK positive SCLC, which SCLC may be

35 refractory SCLC. For example, the methods may include assessing whetherthe SCLC is
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CDK positive, &.g., CDKS, CDKE, and/or CDKY positive, and then smploying an appropriats
TCIF {o treat the particular cancer. For example, if the SCLC is CDKS positive, a CIP having
a ligand that binds to CDK® may be employed. Embodiments of the methods may include
assessing whether a subject suffering from a neoplastic disease has a particular type of
DLBCL, including CDK positive DLBCL, which DLBCL may be refractory DLBCL, such as
CHOP-resistant DLBCL. For example, the methods may include assessing whether the
DLBCL is CDKS positive, and then employing an appropriate TCIP to treat the particular
cancer. For example, if the DLBCL is CDK® positive, a CIF having a ligand that binds to
CDKS may be employed.

Where the target malignancy is SCLC, in some instances the targset patient
population includes patients with SCLC sither contained or metastatic at the time of
presentation or discovery. Among patients with SCLC, those to be freated for SCLC can be
chosen by maasuring the level of expression of BCLE and target CDK, e.q., CDKE, CDKS8
and/or COKY, in thelr tumors. This can be done by RNA-seqg, Western blotting or
immunohistochemistry using antibodies against these profeins, mass specirometry,
infraceliular FACS, efc. Patients whoss tumors have high level expression of CDK and
BCLS or its homologues will be the target population that would be expected to respond
favorably.. These patienis would be candidates for treatment with a TCIF in accordance
with the disclosure, particularly those whose fumor has high levels of BCLS or ancther BTRB
domain containing protain and those whose tumor expressas a target CDK. These levels
can be measured by RNA-seq, Wesiern blofting or immunchistochemistry using antibodies
against these proteins, mass spectrometry, intracellular FACS, elc. About 70% of patlients
with small cell lung cancer have distant metastasis at the time of diagnosis. The media
survival of this group untreated is about 3 months. With treatment the median survival is 6 to
8 months. Those patients that have metastasis at the time of treatment and whose tumor
expreased high levels of a target CDK and BCLS or another BTB domain containing profein
and would be likely {o benefit from treatment with a TCIP of the disclosure. A similar
approach may be emploved o identify appropriate patient populations suffering from other

malignancies, e.g., lymphomas, such as DCBLC, such as described above.

AR-BCLE TCIPs
As reviewsd above, in some embodiments, chemical inducers of proximity include &
compound of formula I
AL~-L-~-BC (B
where!

B
[38]
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Al is a ligand that specifically binds {o an androgen receptor;

BC is a ligand that specifically binds to B-cell lymphoma 6 (BCL-8) or & BCLS BTB-
domain family member (e.g., functional homologue thereof); and

L is a linker {optional,

or a pharmaceutically accepiable salt thersof.
FIG. 18 provides an illustration of how to build a TCIP by rational design using existing
components. As shown in FIG. 19, the design of a TCIF configured to hijack BCOLS (andfor a
functional homologue thereof) {o Kill AR-positive prostatic cancer cells is shown. BCL8 is a
transcription factor and oncogene that prevents death of a variety of cancer celis, including
iymphoma and SCLC cells, by binding the repressors BCOR, NCO and SMRT
(PRI 30335248) on the promoters of call death genes. Several inhibitors of BCLE’s
repressive function have been produced that prevent the binding of BCOR, NCOR and
SMRT to a sits formed by the dimeric surface of BCLE (PMID: 18280243} However, these
inhibitors have not been sufiiciently active (0 be used therapeutically (PMID:30335946).

Chemical linkage of BCL-6 inhibitors, such as BI-3812(PMID32275432), to AR ligand
compounds, e.0., stercidal or non-sterpidal AR agonists or aniagonists, that then bind and
induce proximity io the cell death (pro-apopiotic) promoters, such as those for TP53, PUMA
and BIM, convert the inhibitor of cell death to an activator of cell death in celis having high
concentrations of AR, such as prosiate cancer cells, e.g., hormons-sensitive prostate cancer
celis.

Specific TCIPs finding use in embodiments of the disclosure include, but are not

limited to:

BAK-04-083 (C2)

RCS-02-093 (C4)
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in some instances, the TCIP is not & TCIP disciosed in Figure 4 of WO 2022/0088088.
10 Methods of enhancing transcription of pro-apoptotic genes, ©.g., as described herein,
find use in, for example, treatment of malignancies. The target malignancy treated by
ambodiments of the disclosure may be any malignancy having cells that are susceptible to
activity of a TCIP, such as described herein. In some instances, the malignancy is

characterized by the presence of malignant celis having elevated levels of BCLS and/or

[y
A

ahove normal levels of AR. In some instances, the malignancy is prostate cancer.
Embodiments of the methods may include assessing whether a subject suffering

from a neoplasiic disease has a particular type of malignancy (i.e., cancer)
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For examples, embodiments of methods may include assessing whather the subject has a
susceptible prosiate cancer. For example, the methods may include assessing whether the
prosiate cancer is hormone rasponsive prostate cancer, &.¢., the prostate cancer has
elevated levels of AR, and then employing an appropriate TCIF {o treat the particular cancer.
For example, if the prostate cancer has elevated levels AR, a CIP having a ligand that binds
to AR may be employed. Where the target malignancy is prostate cancer, in some instances
the target patient population includes patients with prostate cancer either contained or
metastatic at the time of presantation or discovery. Among patients with prostate cancer,
those to be treated for prostate cancer can be chosen by measuring the level of expression
of BCLS and/or AR in their tumors. This can be done using any convenient protocol, e.q., by
RMNA-seq, Western blotling or immunohistochemisiry using antibodies against these
proteins. Patients whose fumors have high level expression of AR and BCLS orits
homologuss will be the targst population that would be expected to raspond favorably..
These patients would be candidates for {reatment with a TCIP, particularly those whoss
fumor has high levels of BCLS or one of its homologues and those whose tumor expresses
AR. These lavels can be measured by RNA-seq, Western biolting or immunohistochemistry

using antibodies against these proteins, mass spectrometry, intraceliular FACS, ete.

COMBINATION THERAPY

The present disclosure further comprises combination therapies. In cerain
embodiments, the subject method includes administering a therapeutically effective amount
of one or more additional active agents in combination with the compound {e.g., CIP, TCIF)
of the disclosure. The compound can be adminisiered to a subject prior to, simultaneously
with, or subsequent to administration of the one or more additional active agents. In some
ambodimants, by combination therapy is meant that a CiP can be used in a combination with
another therapautic agent (o treat a single dissase or condition. Alternatively, a second CiP
could be ussd to overcoms drug-induced resistance to a first CIP or to boost the apoptotic
activity of the first CIP. This couid be accomplished by using a ligand to another anchoring
franscription facior that binds to one or more of the apoptotic gene promoter/enhancers. in
some eambodiments, a CIP compound of the present disclosure is administered concurrantly
with the administration of ancther therapeutic agent, which can be administered as a
component of a composition including the compound of the present discloswre oras a
component of a different composition. in certain embodiments, a composition including a
compound of the present disclosure is administered prior or after administration of another

therapeutic agent. The subject compounds can be administered in combination with other
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therapeutic agents in a variety of therapeutic applications. Therapsutic applications of
interest for combination therapy include those gpplications those described above.

As reviewed above, in some instances the compounds of the disclosurs (g.g., CIPE,
TCIPs) may be employed for trealing neoplastic conditions. In some embodiments, the

5 compounds of the disclosure can be used jointly with any agent or combination of agents
useful in the treatment of a neoplastic condition, such as anti-cancer agents: e.g. cancer
chemotherapeutic agents, radio-therapy, radic-immunoctherapy, biologic response modifiers,
monocional-antibodies, antibody-drug conjugates (ADCs) and immuno-therapy agents. In
some embodiments, an anti-cancer-agent, radic-immunotherapy, biologic response

10 modifiers, monocional-antibodies, antibody-drug conjugatss (ADCs) and immuno-therapy
agenis is an agent approved by the FDA or similar regulatory agency of a country other than
the USA, for treating cancer. In embodiments, an anti-cancer agent, radio-immunotherapy,
biclogic response modifiers, monocional-antibodiss, antibody-drug conjugates (ADCs) and
immuno-therapy agents is an agent with antineoplastic or immunomodulatory properties that

15 hasnol (8.9., vel) been approved by the FDA or similar regulatory agency of a country other
than the USA, for treating cancer. Agenis of interest which can be used jointly with the
compounds provided herein in such instances include, but are not limited to, Cancer
chemotherapeutic agents, Agents that act {o reduce cellular proliferation, Antimetabolite
agents, Microtubule affecting agents, Hormone modulators and steroids, natural products

20 and biclogical response muodifiers, e.g., as describad in greater detail below. Compounds of
the present disclosure may be employed in combination with active agent combinations,
such as CHOP (a chemotherapy combination consisting of cyclophosphamide, doxorubicin
hydrochioride (hydroxydaunorubicing, vineristine sulfate (Oncovin}, and prednisone) R-CHOP
{an immunochemotherapy regimen consisting of rituximab, cyclophosphamide,

25 hydroxydaunorubicin hydrochioride (doxorubicin hydrochioride), vineristing (Oncoviny and
prednisone); and the like.

Cancer chemotheragpeutic agents include non-peptidic {.¢., non-proteinaceous)
compounds that reduce proliferation of cancer cells and encompass cytotoxic agents and
cytosiatic agents. Non-limiting examplas of chemotherapeutic agents includs alkylating

30 agents, nitrosoureas, antimetaboiites, antitumor antibiotics, plant (vinca) alkaloids, and
steroid hormones. Peptidic compounds can also be used. Suitable cancer
chemotherapeutic agents include dolastalin and active analogs and derivatives thereof, and
auristatin and aclive analogs and derivatives thereof (8.g., Monomsthyl auristatin D (MMAD;),
monomethyl auristatin £ (MMAE), monomethyt auristatin F (MMAF), and the like). See, e.g.,

35 WO 98B/33212, WO 86/14856, and U.S. 6,323,315, For example, dolastatin 10 or auristatin
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PE can be included in an antibody-drug conjugate of the present disclosure. Suitable cancer
chemotherapeutic agents also include mayiansinoids and active analogs and derivatives
thereof (see, .g., EP 1321213; and Liu &f al (1896) Proc. Natl. Acad. Sci. USA 33:8618-
8623); duccarmycing and active analogs and derivatives thereof {e.g., including the synthetic
analogues, KIW-2189 and CB 1-TM1); and benzodiazepines and active analogs and
derivatives thereof (e.g., pyrrolobenzodiazepine (PBD). Agents that act to reduce cellular
proliferation are known in the arl and widely used. Such agents inciude alkylating agents,
such as nitrogen mustards, nitrosouraas, ethylenimine derivatives, alkyl sulfonates, and
triazenes, including, but not limited to, mechiorethamine, cyclophosphamide (Cytoxan™),
melphalan (L-sarcelysing, carmustine (BONU), lomusting (CCNU), semusting (methyl-
CONUY, streptozocin, chiorozotocin, uracil mustard, chlormethine, ifosfamide, chiorambucil,
pipobroman, triethylenemelamine, tristhylenethiophosphoramine, busulfan, dacarbazine, and
temozolomids. Antimelabolite agents include folic acid anaiogs, pyrimidine analogs, purine
analogs, and adenosine deaminase inhibifors, including, but not limited {o, cytarabine
{CYTOSAR-U}, cyiosine arabinoside, fluorourach (5-FLU), floxuridine (FudR), 8-thioguanine,
S-mercaptopurine (8-MP}, pentostatin, 5-fluorouracii (5-FU}, methotrexate, 10-propargyl-5,8-
dideazafolate (PDDF, CB3717), 5 8-dideszatetrahydrofolic acid (DDATHF), leucovorin,
fludarabine phosphate, pentostatine, and gemcitabine. Suitable natural products and their
derivatives, (2.g., vinca alkaloids, antitumor antibictics, enzymes, iymphokines, and
epipodophytiotoxins), include, but are not limited to, Ara-C, paclitaxel (Taxol®), doceiaxesl
{Taxoters®), deoxycoformycin, mitomycin-C, L-asparaginase, azathioprine; brequinar,
alkaloids, e.g. vincristine, vinblastine, vinorelbine, vindesine, slc.; podophyliotoxing, e.q.
etoposide, teniposide, etc.; antibiotics, e.g. anthracycline, daunocrubicin hydrochioride
{daunomycin, rubidomycin, cerubidine), idarubicin, doxorubicin, epirubicin and morpholine
derivatives, etc.; phenoxizone biscyclopeptides, &.q. dactinomycin; basic glycopeptides, e.g.
bleomyein; anthraquinone glycosides, e.q. plicamycin (mithramyein); anthracenediones, e.g.
mitoxantrone,; azirinopyrrolo indolediones, e.g. mifomyein, macrocyclic
immunosuppressants, e.g. cyclosporine, FK-508 (tacrolimus, prograf), rapamycin, efc.; and
the like. Other anti-proliferative cytofoxic agents are navelbene, CPT-11, anastrazole,
letrazole, capecitabine, reloxafineg, cyclophesphamide, ifosamide, and droloxafine.
Microtubule affecting agents that have antiproliferative activity are also suitable for use and
include, but are not limited to, allocoichicing (NSC 406042), Halichondrin B (NSC 608385),
colchicing (NSC 7573, colchicine derivatives {e.q., NSC 334 10), doistatin 10 (NSC 376128),
maytansine (NSC 153888}, rhizoxin (NSC 332598), paclitaxel (Taxol®}, Taxol® derivatives,
docetaxel (Taxotere®), thiocolchicine (NSC 381782), frityt cysterin, vinblasting sulfate,

B
By
<&x



WO 2023/215311 PCT/US2023/020719

vincristine sulfate, natural and synthetic epothilones including but not limited to, epothilone
A, epothilone B, discodermolide; estramustine, nocodazole, and the like.
Hormone modulators and steroids (including synthetic analogs) that are suitable for
use include, but are not imitad to, adrenocorticostercids, e.g. prednisone, dexamethasone,
5 elc.; estrogens and pregesting, &.g. hydroxyprogeslerone caproate, medroxyprogesterong
aceiate, megestrol acsiate, estradiol, clomiphene, tamoifen; sic.; and adrenocortical
suppressants, e.g. aminoglutethimide,; 17a-ethinvlestradiol; diethyistilbestrol, {estosterone,
fluoxymesterone, dromostanoione propionate, testolactone, methylpradniselone, methyl-
testosterone, prednisclone, triameinoclone, chiorotrianisene, hydroxyprogesterone,

10 aminoglutethimide, estramusting, medroxyprogesterone acetate, leuprelide, Flutamide
{Drogenil), Toremifene {(Faresion}, and Zoladex®. Estrogens stimuliate proliferation and
differentiation. Therefore, compounds that bind to the estrogen receptor are used to block
this activity. Corticosteroids may inhibit T cell proliferation. Other suitable chemotherapeutic
agents include metal compiexes, e.g., cisplatin (cis-DDP), carbopiatin, etc.; ureas, e.g.,

15 hydroxyurea; and hydrazines, &.g., N-methylhydrazine; epidophyiiotoxin; a topoisomerase
inhibitor; procarbazine, miloxantrone; leucovorin, tegafur; ete. Other anti-proliferative aganis
of interest include immunosuppressants, e.g., mycophenolic acid, thalidomide,
desoxyspergualin, azasporing, leflunomide, mizoribine, azaspirane (SKF 105888); lressa®
{Z1} 1839, 4-(3-chioro-4-fluorophenylamine)-7-methoxy-6-(3-(4-

20 morpholinylpropoxyjquinazoling); efc.

Taxanes are suilable for use. "Taxanes” include paclitaxel, as well as any active
taxane derivative or pro-drug. “Paciitaxe!” {(which should he understood herein o include
analogues, formulations, and derivatives such as, for exampie, docataxel, TAXOL™,
TAXOTERE™ (a formulation of docetaxel}, 10-desacetyl analogs of paclitaxel and 3'N-

25 desbenzoyl-3'N-i-butoxycarbonyl analogs of paciitaxel) may be readily prepared utilizing
technigues known {o those skilled in the art (see also WO 94/073882, WO 84/07881, WO
94/07880, WO 94/07876, WO 93/23555, WO 83/10078; U.S. Pat. Nos. 5,294,637;
5,283,253; 5,279,949, 5,274,137, 5,202,448; 5,200,534, 5,228,529; and EP 530,267), or
obtained from a variety of commercial sourcas, including for example, Sigma Chemical Co.,

30 St Louis, Mo. {(T7402 from Taxus brevifolia; or T-1812 from Taxus yannanensis). Paclitaxel
should be understood to refer (o not only the common chemically available form of paclitaxel,
but analogs and derivatives (e.g., Taxotere™ docetaxel, as noted ahove) and paciitaxel
conjugates (e.g., paclitaxsl-PEG, paclitaxel-dextran, or paclitaxel-xylose). Also included
within the ferm “taxane” are a varisty of known derivatives, including both hydrophilic

35 derivatives, and hydrophobic derivatives, Taxane derivatives include, but not limited {o,
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galactose and mannose derivatives described in International Patent Application No. WO
89/18113; piperazino and other derivatives described in WO 99/14209; taxane derivatives
described in WO 29/08021, WO 88/22451, and U.S. Patent No. §,869,680; &6-thio derivatives
described in WO 98/28288; suifenamide derivatives described in U 8. Patent No. 5,821,265;
and taxol derivative described in U.8. Patent No. 5,415,859, it further includes prodrugs of
paclitaxel including, but not limited {o, those described in WO 98/58027; WO 98/130589; and
U.S. Patent No. 5,824,701, Biclogical response modifiers suitable for use include, but are
not limited to, (1) inhibitors of tyrosine kinase (RTK) activity; {2) inhibitors of serine/threonine
kinase activity, {3} tumor-associated antigen antagonists, such as antibodies that bind
specificaily to a tumor antigen; (4) apoptosis receptor agonists; (5) interleukin-2; (8) IFN-q;
{7y IFN-y; (8) colony-stimulating factors; and (8) inhibitors of angiogenesis.
in some instances, the compounds of the disclosure may be employed in combination with
other targeted anti-cancer therapies such as but not limited to: inhibitors of kinases such as
BTK, BCR-ABL, ERK, PI3K, AKT, RTK, RAF, MEK.SYK, MAPK inhibitors of Ras, mTOR,
MDM2.

in some instances, the TCIPs of the disclosure are employed in combination with
immunotherapy agents. Examples of immunotherapy include anti-PD-1/PD-L1
immunotherapies, such as anti-PD-1/PD-L1 therapeutic antagonisis, where such antagonists
include but are not limited {0 e.g., OPDIVO® {nivolumab), KEYTRUDA® (pembrolizumab),
Tecentrig™ (atezolizumab), durvalumab (MEDI47368), avelumab (MSBOO10718C), BMS-
238558 (MDX-11058), CA-170, BMS-202, BMS-8, BMS-37, BMS-242 and the like. Nivolumab
{OPDIVO®) is a humanized IgG4 anti-FD-1 monoclonal antibody used to treal cancer.
Fembrolizumab (KEYTRUDA®), formerly known as MK-3475, lambrolizumab, etc. is a
humanized antibody used in cancer immunotherapy targsting the PD-1 receptor.
Atezolizumab (Tecentrig™) is a fully humanized, engineered monocional antibody of 1gG1
isotype against the PD-L1 protein. Durvaiumab (Medimmune) is a therapeutic monocional
antibody that targets PD-L1. Avelumab {(aiso known as MSBO010718C; Merck KGaA,
Darmstadt, Germany & Pfizer) is a fully human monoclonal PD-L1 antibody of isotype 1gG1.
BMS-236559 (also known as MDX-1105; Bristol-Myers Squibh) is a blocking antibody that
has been shown to bind to PD-L1 and prevent ifs binding to PD-1 (see e.g., U.8. NIH Clinical
Trial No. NCT0O0728864). CA-170 (Curls, Inc.) is a small molecule PD-L1 antagonist. BMS-
202, BMS-8, BMS-37, BMS-242 are smali molecule PR-1/PD-L1 complex antagonists that
bind PD-1 (see &.g., Kaz et al., (2018) Oncotarget 7(21); the disclosure of which is
incorporated herein by refersnce in its entirety). Anti-PD-L1 antagonists, including e.g.,
antibodies, useful in the methods described herein include but are not limited to e.g., those
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described in U.S. Palent Nos. 7,722 888; 7,794,710; 7,802 540; 7,843,743, 8,168,179,
8,217,149, 8,354,509, 8,383,796, 8,460,927, 8,5652,154; 8,741,295; 8,747 833, 8,779,108,
8,852,136, 8,981,063, 9,045,545, 9,102,725, 8,109,034, 9,175,082, 8,212,224, 9,273,135
and 8,402,888, the disclosures of which are incorporated herein by reference in their
antirety. Anti-PD-1 antagonists, including &.¢., antibodies, useful in the methods described
herein include but are not limited to e.g., those described in 8,808,710, 7,029,674,
7,101,550, 7,488,802; 7,521,051; 8,008,449; 8,088,905, 8,168,757, 8,460,888, 8,709,416;
8,951,518, 8,952,136, 8,993,731, 9,067,998; 9,084,776, 9,102,725, 9,102,727, 9,102,728,
9,109,034, 9,181,342; 9,205,148; 9,217,034, 8,220,776; 9,308,253, 9,358,289, 9,387,247
and 8,402,899, the disclosures of which are incorporated herein by reference in their
antirety.

PHARMACEUTICAL PREPARATIONS

Also provided are pharmaceulical preparations of the TCIP compounds. The TCIP
compounds can be incorporated inlo a varisty of formulations for administration to a subject.
More particularly, the TCIP compounds of the present disclosure can be formulated into
pharmaceuiical compositions by combination with appropriate, pharmaceutically acceptable
carriers or diluents, and may be formulated into preparations in solid, semi-solid, liquid or
gaseous forms, such as fablets, capsules, powdears, granules, ointments, solutions,
suppositoriss, injgctions, inhalants and aercosols. The formulations may be designed for
administration via g number of different routes, including intravenous, oral, buccal, rectal,
parenteral, infraperitoneal, intradermal, fransdermal, intrafracheal, eic., administration. In
pharmaceutical dosage forms, the compounds may be used alone or in appropriate
association, as well as in combination, with other pharmaceutically active compounds. The
following methods and excipients are merely exemplary and are in no way limiting.

The pharmaceutical compositions containing the active ingredient may be in a form
suitable for oral use, for example, as tablsts, trochss, lozenges, agueous or oily
suspensions, dispersibie powders or granulas, emuisions, hard or soft capsules, or syrups or
elixirs. Compositions intended for oral use may be prepared according to any method known
fo the art for the manufacture of pharmaceutical compositions and such compositions may
contain one or more agents selected from the group consisting of sweetening agents,
flavoring agents, coloring agents and preserving agents in order {0 provide pharmacsutically
elegant and palatable preparations. Tablels contain the active ingredient in admixiure with
non-{oxic pharmaceutically acceptable excipients which are suitable for the manufacture of
tableis. These excipients may be for example, inert diluents, such as calcium carbonate,

sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating and
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disintegrating agents, for example, corn starch, or alginic acid; binding agents, for example
starch, gelatin or acacia, and lubricating agents, for example, magnesium stearate, stearic
acid or talc. The tableis may be uncoated or they may be coated by known techniques o
delay disintegration and absorption in the gastreintestinal tract and thersby provide 2
sustained action over a longer period. For example, a time delay material such as glycearyl
monostsarate or glyceryl distearate may be employed. They may also be coated by the
technique described inthe U.S. Pat. Nos. 4,256,108; 4,166 ,452; and 4,265,874 to form
asmatic therapsutic tablets for control release. Formulations for oral use may aiso be
presented as hard gelatin capsules whergin the active ingredient is mixed with an inert solid
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin
capsules wherein the aclive ingredients is mixed with water or an olf medium, for example
peanut oil, liquid paraffin, or olive oil.

Agqueous suspensions contain the active material in admixture with excipisnts
suitable for the manufaciure of agueous suspensions. Such excipients are suspending
agents, for example sodium carboxymeathyl-cellulose, methyicellulose, hydroxy-
propyimethycelluiose, sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum
acacia; dispersing or wetling agents may he a naturally-occurring phosphatide, for exampie
lecithin, or condensation products of an alkylens oxide with fatly acids, for example
polyoxyethviens siearate, or condensation products of sthylene axide with fong chain
aliphatic alcohols, for example heptadecasthylene-oxycetanol, or condensation products of
athylene oxide with partial esters derived from fatly acids and a hexitol such as
polyoxyethviene sorbitol monooleats, or condensation products of ethylene oxide with partial
esters derived from fatly acids and hexitol anhydrides, for example polysthylene sorbitan
monooieate. The aguecus suspensions may also contain one or more preservatives, for
axample ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents, ons or more
flavoring agents, and one or more sweelening agents, such as sucrose, saccharin or
aspartame,

Oily suspensions may be formulaied by suspending the aclive ingredientin a
vegelable ofl, for example arachis off, olive oil, sesame oll or coconut oil, or in mineral ol
such as liquid paraffin. The olly suspensions may contain a thickening agent, for example
beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above,
and flavoring agents may be added {o provide a palatable oral preparation. These
compositions may be preserved by the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granuies suilable for preparation of an aguecus suspension
by the addition of water provide the active ingredient in admixture with a dispersing or
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welting agent, suspending agent and one or more preservatives. Suitable dispersing or
welting agents and suspending agents are exemplified by those already mentioned above.
Additional excipients, for example sweetening, flavoring and coloring agents, may also be
present.

The pharmaceutical compositions of the disclosure may also be in the form of an oik-
in-water smulsions. The oily phase may be a vegetable o, for example olive il or arachis
oif, or & mineral off, for example liguid paraffin or mixiures of these. Suiltable emulsifying
agents may be naturally-occurring phosphatides, for example soy bean, lecithin, and esters
or partial esters derived from fatty aclds and hexitol anhydrides, for example sorbitan
monooieate, and condensation products of the said partial esters with ethylene oxide, for
axample polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening
and flavoring agents.

Syrups and elixirs may be formulated with sweetening agsnts, for example glycerol,
propylene glyeol, sorbitol or sucrose. Such formulations may also contain a demuicent, a
preservative and flavoring and coloring agenis. The pharmaceutical compositions may be in
the form of a sierile injectable agueous or olsagenous suspension. This suspension may be
formulated according to the known art using those suitable dispersing or wetting agents and
suspending agenis which have been mentioned above. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable
diluent or solvent, for example as a solution in 1,3-butane dicl. Among the accepiable
vehicles and solvenis that may be employed are water, Ringer's solution and isoionic
sodium chioride solution. In addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose, any bland fixed oll may be employed
including synthetic mono- or dighycerides. In addifion, fatly acids such as oleic acid find use
in the preparation of injectables.

The compounds can be formulated into preparations for injection by dissolving,
suspending or emulsifying them in an agqueous or nonagqueosus solvent, such as vegetable or
other similar cils, synthetic aliphatic acid glycerides, esters of higher aliphatic acids or
propylens glveol; and if desired, with conventional additives such as solubilizers, isofonic
agents, suspending agents, emulsifying agents, stabilizers and preservatives. The
compounds can be utilized in asrosol formulation to be administered via inhalation. The
sompounds of the present disclosure can be formulated into pressurized acceptable
propeliants such as dichlorodifiuoromethane, propane, nitrogsn and the like.

Furthermore, the compounds can he made inta suppositories by mixing with a variety
of bases such as emulsifying bases or water-soluble bases. The compounds of the present
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disclosurs can be administered rectally via a suppository. The suppository can include
vehicles such as cocoa butter, carbowaxes and polyethylene glycols, which melt at body
temperature, yet are solidified ai room temperature.
The compounds of this disclosure and their pharmacsutically acceptable salts which are
5 active on topical administration can be formulated as transdermal compositions or

transdermal delivery devices ("paiches™). Such compositions include, for example, a
backing, active compound reservoir, a control membrane, liner and contact adhesive. Such
transdermal patches may he used to provide continuous or discontinuous infusion of the
compounds of the present disclosure in controlied amounts. The construction and use of

10 transdermal patches for the delivery of pharmaceutical agents is well known in the art. See,
&.g., U.S Pat No. 5,023,252, issued Jun. 11, 1881, herein incorporated by reference in its
entirety. Such patches may be constructed for continuous, pulsatile, or on demand delivery
of pharmaceutical agents.

Optionally, the pharmaceutical composition may contain other pharmacsutically

15 acceptable components, such as huffers, surfactants, antioxidants, viscosity modifying
agents, preservativas and the like. Each of these components is well-known in the arl. Ses,
for exampie, U.S. Pat. No. 5,885,310, the disclosure of which is herein incorporated by
reference. Other components suitable for use in the formulations of the present disclosure
can be found in Remington's Pharmaceutical Sciences, Mace Publishing Company,

20 Philadelphia, Pa., 17th ed. {1985). In an embodimeant, the agueous cyclodexirin solution
further comprise dexirose, &.g., about 5% dexiross.

Dosage levels of the order of from about 0.01 mg to shout 140 mg/kg of body weight

per day are useful in repressntative embodiments, or alternatively about 0.5 mg to about 7 g
per patient per day. For example, inflammation may be effectively treated by the

25 administration of from about 0.01 to 50 mg of the compound per kilogram of body weight per
day, or aiternatively about 8.5 mg to about 3.5 g per patient per day. Those of skill will
readily appreciate that dose levels can vary as a function of the specific compound, the
severity of the symptoms and the susceptibility of the subject {0 side effects. Dosages for a
given compound are readily determinable by those of skill in the art by a variely of means.

30 The amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular
made of administration. For example, a formulation intended for the oral administration of
humans may contain from 0.5 mg to & g of active agent compounded with an appropriate
and convenient amount of carrier material which may vary from about 5 to about 95 percent

35 of the total composition. Dosage unit forms will generaily contain between from about 1 mg
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fo about 500 mg of an active ingredient, typically 25 mg, 50 mg, 100 mg, 200 mg, 300 mg,
400 myg, 500 mg, 800 mg, 800 mg, or 1000 myg.

it will be understood, however, that the specific dose level for any particular patient
will depend upon a varisty of factors including the ags, body weight, general health, sex,

s diet, time of adminisiration, route of administration, rate of excretion, drug combination and
the severity of the particular disease undergoing therapy. As such, unit dosage forms for
oral or rectal administration such as syrups, elixirs, and suspensions may be provided
wherein each dosage unit, for example, teaspoonful, tablespoonful, tablet or suppository,
coniains a predetermined amount of the composition containing one or more inhibitors.

10 Similarly, unit dosage forms for injection or intravenous administration may comprise the
inhibitor(s) in a composition as a solution in sterile water, normal saline or another
pharmaceutically acceptable carrier. The term “unit dosage form,” as used herein, refers to
physically discrete units suitable as unitary dosages for human and animal subjects, each
unit containing a predetermined quantity of compounds of the present disclosure calculated

15 in an amount sufiicient to produce the desired effect in association with a pharmaceutically
acceptable diluent, carrier or vehicle. The specifications for the novel unit dosage forms of
the present disclosure depend on the particular peptidomimetic compound emploved and the
affect to be achieved, and the pharmacodynamics associated with each compound in the
host.

20
KITS & SYSTEMS

Also provided are kits and sysiems that find use in practicing embodiments of the
methods, such as those described as described above. The term "system” as employed
herein refers {o a collection of two or more different active agents, present in a single

25  composition or in disparate compositions, that are brought together for the purpose of
practicing the subject methods. The term "kit” refers to a packaged active agent or agents.
For example, kits and systems for practicing ths subject methods may include one or more
pharmaceutical formulations. As such, in certain embodiments the kits may include a single
pharmaceutical composition, present as one or more unit dosages, where the compaosition

30 may include ons or mors exprassion/activity inhibitor compounds. in yet other embodiments,
the kits may include two or more separate pharmaceutical compositions, each containing a
different active compound.

In addition to the above components, the subject kits may further include instructions
for practicing the subject methods. These instructions may be present in the subjectkits in a

35 variety of forms, one or more of which may be present in the kit. One form in which these

instructions may be present is as printed information on a suitable medium or substrate, e.g,,

235
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a piece or pieces of paper on which the information is printed, in the packaging ofthe kit, ina
package insert, elc. Yei another means would be a computer readable medium, e.q.,
diskstte, CD, portable flash drive, etc., on which the information has been recorded. Yet
another means that may be present is a website address which may be used via the internst

5 io access the information at a removed site. Any convenient means may be present in the
Kits.

The following examples are offered by way of illustration and not by way of limitation.

10 EXAMPLES

The following examples are put forth so as fo provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the present invention,
and are not intended o limit the scope of what the inventors regard as thelr invention nor are
they intended o represent that the experiments below are all or the only experiments

15 performed. Efforis have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperature, etc.) but some experimental errors and deviations should be
accounted for. Unless indicated otherwise, paris are parls by weight, molecular weight is
weilght average molecular weight, ternperature is in degrees Centigrade, and pressure is at
or near atrospheric.

20 Exampie 1. BRD4-BCLSE TCIPs

i Synthesis and Characterization of TCIPs
A General Synthesis Protocols
1. General synthesis 1.

Sy o,

\\{,N } v //N o
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A
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HO 7N < \k_"t \F,N‘ ! O
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o h},,_NH ----<\ i <)‘-‘!\ gy H " AN o
§ 7 h == N § T
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- & N =
HATU, DIPEA i ) oo
DMF, 1t ¥ ©
of
25 a. Step 1: Synthesis of intermediate 82,
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To a mixture of JQ-1 carboxylic acid 1 (1.0 eq) and HATU (1.0 eq) DIPEA (3eq) in DMF was
added linker{ 1.2e9), the mixture was stirred at room temperature for 1 hour. LC-MS
indicated formation of desired product. The mixture was concenirated and purified via prap-
HPLC to afford intermediate 82.

b. Step 2: Synthesis of intermediate 83.

To intermediate 82 was added a solution of DCM/ Trifluoreacetic acid ( 3:1). The mixdure was
stirred at room temperature for 1 hour. LC-MS indicated formation of desired product. The
mixture was concentrated under reduced pressure to give crude product which was used
direcily without fulure purification.

c, Step 3: Synthesis of desired product.

To a mixture of 1-(5-chioro-4-({8-meathoxy-~1-methyl-3-(2-(methylamino}-2-oxoethoxy)-2-oxo-
1,2-dihydroquinolin-8-ylyamino)pyrimidin-2-yipiperidine-4-carboxylic acid (84) (1.0 eqg),
HATU (1.0 eq), DIPEA (3eq) in DMF was added intermediate 83 { 1.2 eq), the mixiure was
stirred at room temperature for 1 hour. LC-MS indicated formation of desired product. The
mixture was concentrated and purifisd via prep-HPLC to afford desired product.

2. General synthesis 2.

HN-—(C/>‘

N HN i' T \‘(
\" \_—y -
~, 56 (&)
N i . ﬂ, >r~ -------- }
3 N >_" o FeN finker
! ,L\ HATU, DIPEA KGOy, DMF, 70 °C
Q\ 7 DMF, rt \»"’l
i
(o]
CI 81 S8
Y O
N 7
N-J\’ un— N
{ S Q
..... Yo

a. Step 1: Synthesis of intermediate S85.

To a mixture of JQ-1 carboxylic acid 1 (1.0 eq) and HATU (1.0 eq) DIPEA (3eq) in DMF was
added linker{ 1.2eq), the mixture was stiived at roont temperature for 1 hour. LC-MS
indicated formation of desired product. The mbdure was concentrated and purified via prep-
HPLC to afford intermediate 85,

b, Step 2: Synthesis of desired product.

B
(]
~f
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To a mixture of 2-((6-({5-chloro-2-(piperazin-1-yhpyrimidin-4-yhamino)-8-methoxy- 1-methylh
2-oxo-1,2-dihydroguinolin-3-vl)oxy)-N-methylacetamide (86) (1.0 eq), KoCO: (3.0 &q) in DMF
was added intermediate 85 (1.3 eq), the mixture was stirred at 70 °C for 1 hour. LC-MS
indicated formation of desired product. The mixdure was concentrated and purified via prep-
HPLC to afford desired product.

R

8. Synthesized compounds and characteristics
1. JWZ-7-6
{8)-1-(5-chloro-4-((B-methoxy-1-methyk-3-(2-(methylamino}-2-oxoethoxy)-2-oxo- 1, 2-
10 dihvdroguinolin-g-yhamino)pyrimidin-2-y)-N-(G-(2-(4-(4-chiorophenyi)-2, 3, 9-trimethyl-6H-
thieno[3,2-111,2 4}triazolo[4,3-3][1 4]diazepin-G-yhacetamidothexylpiperidine-4-
carboxamide({ JWZ-7-8)

N”"\T\”Ci
N PPN
s }’—N\ (/\N N i‘iH
NN N Hod ™
\‘}\“{ T /?L PN e N\-\/ \/‘ \\)\‘\
. e AT b} ) \
N H N o
Al T e
-y X
cx> JWZT-S Hi

LC-MS (ESH m/z: 1011.4 M+H}
15 1H NMR (500 MHz, DMSC-d8) 0 8.98 (5, tH), 808 {t J= 5.8 Hz, 1H), 8.03(d, J= 1.7 Hz,
1H), 7.88 (g, d=48Hz, 1H), 771 (¢, J=57Hz, 1H), 744 (d, J= 18 Hz, 2H), 740 (d, d =
7.8 Hz, 2H), 7.36 - 7.31 (m, 2H), 6.94 (s, 1H), 4.48 {5, 2H), 443 ~4.37 {m, 3H), 3.79 (s, 3H),
378 (s, 3H), 317 (dd, = 15.0, 83 Hz, 1H), 313 ~3.03 (m, 2H), 3.02 - 2.97 (m, 1H), 2.94
(g, J=86Hz 2H), 285{ J=128Hz, 2H), 2.58 (d, J=4.6Hz, 3H), 252 (d, J= 1.7 Hz,
20 3H), 2.32 (5, 3H), 1.84 (d, J = 12.9 Hz, 2H), 1.53 (s, 3H), 148~ 1.27 (m, B6H), 1.24 - 1.18
{m, 4H).
2. JWZ-7-7
{(8)-1-(b-chloro-4-((8-methoxy-1-methyl-3-(2-(methylamino}-2-oxoethoxy)-2-oxo-1,2-
dihydroquinolin-g-ylyamino)pyrimidin-2-yB-N-(7-(2-{4-(4-chicrophenyl}- 2,3, 8-trimethyl-6H-
25 thienof3,2-f][1,2 4]triazof4,3-a}[1 4]diazepin-G-yhacetamido)heplylpiperiding-4-
carboxamide{ JWZ-7-T)
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LC-MS (B8 vz 1025 4 IM+H]"
1H NMR (500 MHz, DMSQ-d8) § 8.96 (5, 1H), 8.08 ¢t J = 5.7 Hz, 1H), 8.03 (5, 1H), 7.88 (4,
JEE2Hz, TH), 7.70 (¢, J= 56 Hz, 1H), 744 (s, 2H), 741 (d, J= 82 Hz, 2H), 734 (d, J =
8.2 Hz, 2H), 8.94 (5, 1H), 4.48 (5, 2H), 4.46 — 4.35 (m, 3H), 3.79 (s, 3H), 3.77 (5, 3HY, 3.14
{qd, J=15.0.7.1Hz 2H}, 3.02(dg, J= 13.0, 8.7 Hz, 2H)}, 2.84 (g, S = 6.7 Mz, 2H), 2.84 ¢, J
=125 Hz, 2H), 2.58 (d, J = 4.6 Hz, 3H), 2.82 (s, 3H), 2.44 {d, J = 3.0 Hz, 8H), 2.33 (s, 3H),
164 (d, J=12.8 Hz, 2H}, 1.55 (5, 3H), 1,48~ 1.30 (m, 2H), 1.33 {dt. J =27 .4, 6.8 Hz, 4H),
118 (p. J = 7.7, 6.9 Hz, 8H).
3. SWZ-7-13
(8)-1-(5-chloro-4-((8-methoxy-1-msthyl-3-(2-(methylaming}-2-oxoethoxy)-2-0xo-1,2-
dihydroquinolin-8-yhamino)pyrimidin-2-yD-N-{2-(4-(2-(2-(4-{4-chlorophenyl}-2, 3, 8-irimethyl-
SH-thienof3,2-f{1,2 4itriazoloid, 3-aj[1 4idiazepin-G-yl) acetamido)ethypiperazin-1-
yhethyhpiperidine-4-carboxamide{ JWZ-7-13)
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o
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LC-NS (ESD mvz: 1087.4 [M+H]"
1H NMR (500 MHz, DMSC-d6) 5 8.90 (s, 1H), 8.34 (s, 1H), 8.02 (s, 1H), 7.96 (s, 1H), 7.90
(g, J=44Hz 1H), 749 ~7.44 (m, 2H}, 742 (d, J= 8.3 Hz, 2H}, 7.35 (d, J = B.2 Hz, 2H},
5.94 (s, 1H), 4.48 (s, 2H), 4.46 — 4.40 (m, 6H), 3.80 (s, 3H), 3.79 (5, 3H), 3.43 - 3.15 (m,
10H), 2.97 — 2.78 (m, 8H), 2.58(d, J = 4.6 Hz, 3H), 2.53 (5, 3H), 2.34 (5, 3H}, 1.68(d, 4 =
12.6 Hz, 2H). 1.55 (s, 3H), 1.43 (g, J = 12,1, 11.8 Hz, 2H).
4. SWZ-7-14
(8}-1-(5-chlore-4-((8-msethoxy-1-msthyl-3-(2-(methylamino)-2-oxoethoxy)-2-0xo-1,2-
dihydroquinolin-6-yyaming)pyrimidin-2-yh-N-{3-(4-(3-(2-(4-{4-chlorophenyl)-2,3,8-irimethyi-

]
(0]
[{o]
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8H-thienof3,2-][1,2 4liriazolol4,3-a][1 4]diazepin-B-ylacetamido)propylpiperazin-1-
yiipropylipiperidine-4-carboxamide{ JWZ-7-14)
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LC-NS (ESD) miz: 1087.4 IMsH]"
1H NMR (500 MHz, DMSO-d6) 6 8.83 (s, 1H), 8.27(d, J= 84 Hz, 1H), 8.02 (d, J= 2.9 Hz,
TH), 7.80(d, J=5858Hz, 2H), 748 (d, J=24 Hz, 1H), 7458 (d, =258 Hz, 1H), 743 (dd, J =
88,28 Hz 2H), 738 -7.34(m, 2H), €93 (d, J=3.0Hz, 1H), 449 (d, J = 2.8 Hz, 2H), 4 47
~4.41 {m, 3H), 3.80 (s, 3H), 3.79 (s, 3H), 3.27 - 312 (m, 5H), 3.04 (g, J= 6.7, 6.1 Hz, 4H),
299 -279(m, 8H), 258 (d, J=45Hz, 3H), 253 (d, J= 29 Hz, 3H), 235 (0, J =29 Hz,
10 3H), 2.3C (5, 1H), 1.75 - 1.861 {m, 8H), 1.56 (d, J = 2.8 Hz, 3H), 1.50 — 1.37 (im, 3H), 1.23 ~

1.13 {m, 2H).

8. JWZ-715

(S3-1-{5-chioro-4-((8-methoxy-1-methyk-3-2-(methylamino)-2-oxoethoxy)-2-oxe-1,2-

(v

dihydroguinolin-g-yhamino)pyrimidin-2-yh-N-{8-(2-(4-(4-chioropheny)-2,3,S-trimathyl-6H-

[ony
A

thieno[3,2-f]{1,2.4]iriazolof4,3-a}[1 4]diazepin-6-vacetamida)nonylpiperidine-4-
carboxamide(JWZ-7-15)

JWI-T18

LC-MS (ESH mfz: 1053.4 [M+H]".

1H NMR (500 MHz, DMSO-d8) 8 8.86 (s, 1H), 8.08 ¢, J = 5.7 Hz, 1H), 8.01 (s, 1H), 7.89 (d,
20 J=47 Hz 1H), 7.68 (, J= 5.6 Hz, 1H), 7.46 (s, 2H), 7.40 (d, J = B.8 Hz, 2H), 7.37 - 7.32
(m, 2H), 8.93 (s, TH), 4.48 (s, 2H), 4.45 — 4.39 (m, 3H), 3.80 (s, 3H), 3.78 (s, 3H), 3.22 ~
2.97 (m, 7H), 2.93 (g, J = 6.6 Hz, 3H), 2.83 (td, J = 12.9, 2.7 Hz, 3H), 2.58 (d, J = 4.7 Hz,
3H), 2.52 (s, 3H), 2.33 (s, 3H), 2.30 (dt, J = 7.5, 3.7 Hz, 1H), 1.66 — 1.80 (m, 2H), 1.55 (s,
3H), 1.47 = 1.28 (m, 8H), 1.22 —1.10 (m, 8H).
6.  JWZ-7-20

]
W
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{8}~1-(5-chloro-4-((&-methoxy-1-mathyl-3-(2-(methylamino}-2-oxosthoxy}-2-oxo-1,2-
dihydroguinolin-6-yhaminc)pyrimidin-2-yh-N-{10-(2-(4- (4-chiorophenyi}- 2,3, O-trimethyl-8H-
thieno|[3,2-]{1,2 4liriazolof4,3-a}[1,4]diazepin-6-yhaceiamido)dscylpiperidine-4-carboxamide

{(JWZ-7-20)
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LO-MS (ESH miz: 1053.4 [M+H]
1H NMR (500 MHz, DMSQ-d63 6 9.02 (s, 1H), 816 ¢, J= 8.7 Mz, 1H), 8.10 (s, 1H), 7.97 {4,
JEATHz ), 776 (A J= 5.8 Hz, 1H), V.53 (s, 2H), 7.50 ~ 7 .41 (m, 4H), 7.01 (s, 1H), 4.55
(s, 2H), 4.53 — 4.45 (m, 3H), 3.87 (5, 3H), 3.86 (5, 3H), 3.25 (dd, J =148, 8.5 Hz, 2H), 3.20
10 ~3.08 (m, 3H), 3.09 - 298 (m, 4H), 2.92 {id, J = 13.0, 28 Hz, 3H), 285 (d, J = 4.6 Hz, 3H),
2.60 (s, 3H), 2.41 (s, 3H), 2.39 ~ 2.35 (m, 1H), 1.74 — 1.88 (m, 2H), 1.62 (s, 3H), 1.51 {dd, J
=121, 3.8Hz, 3H), 143 ¢, J= 7.1 Hz, 2H), 1.36 (¢, J = 8.8 Hz, 2H), 1.29 — 1.18(m, 11H).
7. JWZ-7-22
(8)-2-((B-({(5-chioro-2-{4-(11-(2-(4-(4-chiorophenyl-2,3, 8-trimethyl-6H-thieno[3,2-
15 {j[1,2 d4liriazolof4,3-a}{1 4]diazepin-8-ylacetamido)undecyl)piperazin-1-yiipyrimidin-4-
yhiamino}-8-methoxy-1-methyl-2-ox0-1,2-dihydroguinolin-3-yljoxy)-N-methylacstamide

(JWZ-7-22
o7
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LEC-MS (ESD m/z; 1039.4 [M+H]".

20 1H NMR (500 MHz, DMSO-d6) 5 9.66 (s, TH), 8.01 (s, 1H), 8.18 (d, 4 = 3.2 Hz, 1H), 8.00 (g,
J= 47 Hz, 1H), 7.56 (d, J = 2.3 Hz, 1H), 7.48 (¢, J = 8.7 Hz, 2H), 7.46 ~ 7.41 {m, 2H), 7.08
(s, 1H), 4.57 (s, 2H), 4.50 (dd, J = 8.3, 5.8 Hz, 3H), 3.88 (5, 3H), 3.87 (s, 3H), 3.32 - 2.99
(M, 12H), 2.66 {d, J = 4.6 Hz, 3H), 2.80 (s, 3H), 2.41 (s, 3H), 1.69 — 1.84 (m, 2H)1.63 (s,
3H), 1.44 {1, J = 7.0 Hz, 2H), 1.35 ~ 1.20 {m, 14H).

25 8. JWEZ-T-23
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(8)-2-{(B-((5-chioro-2-(4~(8-(2-(4-(4-chiorophenyl}-2.3 O-trimethyl-6H-thieno[3,2-
fi[1,2 4jiriazolof4,3-a}{1 4]diazepin-G-vhacetamido)octylpiperazin- 1-yhpyrimidin-4-ylamino)-
8-methoxy-1-methyl-2-oxo- 1, 2-dihydroguinolin-3-yoxy)}-N-methylacetamide{ JWZ-7-23)
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LC-MS (E31) miz: 997.4 (M+H]"

1H NMR (500 MHz, DMSG-d6) © 9.85 (5, 1H), 8.93 (5, 1H), 8.10 {d, J = 57 Hz, 1H), 8.08 (5,

THL 791 (g, J=486Hz, 1H), 748 (d, J= 2.3 Hz, 1H), 7.42(d, J = 1.6 Hz, 1H), 7.40 (5, 1H),

7.38 —7.33 (m, 2H), 7.00 (s, 1H), 4.50 (s, 2H), 4.47 — 4,40 (m, 3H), 3.80 (s, 3H}), 3.80 (s,

3H), 3.2Z2 ~ 3.10 (m, 6H), 3.06 ~ 2.92 (m, 8H), 2.58 (d, J= 4.7 Hz, 3H), 2.52 (s, 3H}, 2.34 (s,

10 3H), 160(d, J=82Hz, 2H), 1.55 (5, 3H}, 1.36 (d, J = 6.4 Hz, 2H), 1.22 (s, 6H), 1.17 (s,

2H).

8. SWZ-7-24
(S)-2-{{B-((5-chloro-2-(4-(1-(4-(4-chicrophenyi)- 2,3, 8-trimethyl-8H-thieno|3,2-

fii1,2 dltriazolof4,3-al{1 4]diazepin-6-vi)-2-0x0-8,9, 12-trioxa-3-azatetradecan- 14-yl) piperazin-

i5 1-yipyrimidin-4-yhamino)-8-methoxy-1-methyi-2-oxo-1, 2-dihydrogquinolin-3-yioxyi-N-
methylacetamide (JWZ-7-24)
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&
LC-MS (ESD) miz: 10454 [M+H]
1H NMR (500 MHz, DMSQC-d6) 0 9.85 (5, 1H), 9.00 (s, 1H), 8.25 (t, J = 5.7 Hz, 1H), 8.14 (s,
20 M), 804 (g, d=4.7 He, 1H), 7.53 (d, J= 2.3 Hz, 1H), 748 {d, J= 8.8 Hz, 2H), 7.45 - 7.39
{m, 2H), 7.08 (5, 1H), 4.56 (s, 2H), 4.54 — 4.47 (m, 3H), 3.88 (5, 3H), 3.87 (5, 3H), 3.78 (L, J =
S0 Hz, 2H), 3.64 - 351 (m, 12H), 343 1, =59 Hz, 2H), 334 (1, = 5.1 Hez, 2H), 3.29 -
3.21 (m, 4H), 2.66 {d, J= 4.6 Hz, 3H), 2.88 (5, 3H), 2.40 (s, 3H), 1.81 {g, 3H}.
10, JW2-7-97
25 {S}-1-{5-chloro-4-{(&-meathoxy-1-msathyl-3-(2-(methylamino}-2-oxosthoxy}-2-0xo-1,2-
dihydroguinalin-G-yl)aminc)pyrimidin- 2-yh-N-{3-(3-{2-(4-(4-chicrophenyi}- 2,3, S-trimethyl-6H-
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thieno[3,2-f][1,2 4liriazolo[4,3-al[1 4]diazepin-G-vlacetamido)propoxy)propy i piperidine-4-
carboxamide (JWZ-7-97)

i
.-S\.I/ I
._._.__<\ E .nl\
]"\,:-'NJ SN
o—
= &
{ et \---\_ mN—C SN
I N N e =0
i AR .y
{ P e
& M w= 0
P
JWZ-7-97 g N

LC-MS (ESH miz: 1027 .4 (M+HT
1H NMR (500 MHz, DMSO-d6) 6 9.10 (s, tH), 8.15 {1, J = 6.7 Hz, 1H), 8.04 (s, 1H), 7.90 {q,
JEAGHz, M), 775, =587 Hz, 1H), 7.43{d, J = 1.5 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H),
7.38-732(m, 2H), 685 (s, 1H), 448 (5, 2H), 4 44 (dd, J= 8.1, 6.2Hz, 1H), 436 ({d, J =
131 He, 2H), 3.79 (5, 3H), 3.78 (5, 3H), 3.28 (dt, J = 24.4, 6.2 Hz, 4H), 3.22 - 2.88 (m, 6H),
284 (1, J=128Hz, 2H), 2.88 (d, = 4.6 Hz, 3H), 2.52 (s, 3H), 2.32 (5, 3H), 1.87 — 1.58 (m,
10 4H), 1.53 (d, =26 Hz, 4H), 1.44 (gd, J = 12.5 4.0 Hz, 2H), 1.16 (s, 1H).
1. JW2Z-7-38
(8)-2-((6-((5-chioro-2-(4-(2-(2-(2-(4-{4-chiorophenyl)-2, 3, 8-trimethyl-6H-thieno[3,2-
fi[1.2 4}triazolofd4,3-al{1 4]diazepin-G-yhacetamidojethyl-2, 7-diazaspire[3. 8jnonane-7-

(o]

carbonylipiperidin-1-yhpyrimidin-4-yllamino}-8-methoxy-1-methyl-2-oxo-1,2-dihydroguinolin-
15 3-yhoxy)-N-methylacetamide (JWZ-7-38)

"
Oy
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»——\/\/)\s ! 7N
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o
h Nowy”
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LC-MS (ES miz: 1064.4 [M+H]".
1H NMR (500 MHz, DMSO-d6) 6 9.07 (s, 1H), 8.14 (s, 1H), 8.04 (s, 1H), 7.90 (q, J = 4.6 Hz,
1H), 7.75 (4, J = 5.7 Hz, 1H), 7.43 (d, J = 1.5 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H), 7.36 - 7.32

20 (m, 2H), 6.95 (s, 1H), 4.84 ~4.62 (m, 1H), 4.50 — 4.44 (m, 1H), 4.40 (d, J = 13.3 Hz, 2H),
3.79 (dd, J = 8.4, 3.6 Hz, 2H), 3.71 (d, J = 6.6 Hz, 1H), 3.58 - 3.17 (m, 4H), 2.93 (g, J = 14.1
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Hez, 1H), 257 (d, d= 4.8 He, 3H), 252 (d, d = 4.9 Hz, 3H), 2.35 (s, 3H), 1.78 (dd, J = 50.1,

24.2 Hz, 4H), 1.82-1.52 (m, M), 1.44 {q, J = 12.6 Hz, 2H).

12, JWZ.7-100
(8}-1-(5-chlore-4-((&-methoxy-1-msthyl-3-(2-(methylamino}-2-oxosthoxy}-2-0xo-1,2-

dihydroguinolin-6-yhaming)pyrimidin-2-yB-N-{3-((3-(2-(4-{4-chlorophenyl)-2 3 S-trimethyl-6H-

thieno|8,2-1}{1,2 4liriazolof4,3-a][1,4]diazepin-6-

yhacetamido)propyh(methyhamino)propylipiperidine-4-carboxamide (JWZ-7-100}

IWZ-7-108 o
LC-MS (ES0) nvz: 1040.4 [M+H]"
1H NMR (500 MHz, DMSO-d6) 5 9.47 — 9.33 (m, 1H), 8.94 (s, 1H), 8.32 (g, J = 6.2 Hz, 1H),
8.02 (s, 1), 782 (dg, J= 187,54, 4 8 Hz, 2H), 747 - 740 (m, 4H), 7.35(d, J= 8.3 Hz,
1H}, 6.94 (s, 1H), 448 (s, 2H), 4.46 — 4.38 {m, 2H), 3.80 (5, 3H), 3.78 (s, 3H}, 3.28 - 3.11
{m, 4H), 3.09 ~ 2.80 {m, 10H), 2.867 (dd, J= 7.9, 4.8 Hz, 3H), 258 (d, J = 4.8 Hz, 3H), 2.53
{s,3H), 2.32 {d, J = 3.6 Hz, 3H), 1.79 — 1.64 {m, 8H), 1.54 (s, 3H}, 1.48 — 1.38 {m, 2H}.

i JWZ-7-7 Rewires Cancer Drivers to Activate Proapoptotic Genes in DLBCL

As shown in FIG. 3, the BRD4-BCLS TCIP (JWZ-7-7) as iliustrated in FIG. 2 and
synthesized as described above has a 1.3 nM ECB0 for killing DLBCL cells.  JWZ-7-7
reprograms the normal negative feedback regulation of BCLS into a powerful positive
feedback loop at 1 nanomolar (FIG. 3). The effectiveneass of this molecule was examined in
16 DLBCL cell lines, 4 follicular lymphoma cell lines, 5 breast cancer cell lines, 2 lung
adenacarcinoma cell lines and 3 small cell lung cancer cell lines and find that killing is highly
correlated with BCLS expression (R*=0.68). Notably, primary human fibroblasts are not
killed at 400 nM, which is 400-fold higher concentration than the sffective dose on DLBCL
with BCLES mutation/overexpression. Hence, JWZ-7-7 is a relatively non-toxic, highly potent
new therapy for human DLBCL.

A, Dominant gain of function via JWZ.7-7

RNA-seq and Western blotting studies using JWZ-7-7 have demonstrated robust
activation of target apoptotic genes (at 24 hours) that are normally repressed by BCLS,
including BCLS Hself and the master aclivator of cell death, FOXO3. See FiGs. 4A & 4B.
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Using RNA-seq, 80% of BCLS repressed genes are aclivatad by JWZ-7-7. The activation of
these genes is evident within 15 minutes of adding JWZ-7-7 to the media over the cells by
the phosphorylation of serine 2 of RNA polymerase Hl indicating elongating transeription
complexes.

Within one hour of adding JWZ-7-7, BRD4 is recruiled o the promoters of known
BCLS target genes including the region mutaied in BCLS thal is a cluster of BCLS binding
sites normally used for repression. The addition of BRD4 {o the promoters of BCLE targst
geneas increases occupancy of the promoters by about 50%, while about 10% of BRD4 is
iost from enhancers and super enhancers over the genome. Therefore, it was conciuded that
about 10% of total BRD4 is borrowed from enhancers and relocalized to promoters of BCLE
farget genes indicating a gain-of-function at the BCLS promuoters.

B, Rewiring the cancer driver to activate cell death.

Normally BCLS represses celi death and allows the cancer cell {o survive thersby
providing a driving force for the survival of the cancer cell. JWZ-7-7 rewires the cancer cell
so that BCLE activates cell death genes by recruiting BRD4 to the BCLS promoter and
activating franscription of BCLS which in turn aclivates proapopiotic genes resulting in rapid
cell death by a varisty of assays including resazurin assay, TUNNEL and Annexin 8. The
ioss of viability likely leads to the reduction in expression of MYC (FIG. 4B) a5 the DNA of
the cells is fragmented.

HIC. Effect on cell death

it was found that 4 hours exposure to 10 nM JWZ-7-7 followed by washout is
sufficient to give robust killing, similar {o sxposure for 72 hours. It is believed that this
reflects either the stability of the ternary complex hetween BRD4, JWZ-7-7 and BCLS or the
execution point of the induced genes involved in apoptosis. Rescue experiments- [t was
found that both JG1 and BI3812 rescue cell death induced by 5 nM JWZ-7-7 as predicted if

the ternary complex was essential for killing.

V. SWZ-7-F{TCHP1) SELECTIVELY KILLS SCLC IN TISSUE CULTURE

{CBO of JWZ-7-7, BI-3812, JQ 1, and combinations were calculated based on a dose
response curve on three small cell lung cancer lines (FIG. 8). The dose response curve on
viability was performed in technical replicates and biological triplicate after ireating celis for
72 hours across a broad range of concenirations via serial dilutions. Viable cells were
measured after tfreatment via a resazurin assay. The signal for viable assays was normalized
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fo the DMSO treated negative control. A four-parametear non-linear fit was performadio fit a
curve to calculate the IC50 for each of the cell lines. The table below describes the
calculated [C50 across JWZ-7-7, JQ1, BI-3812 and combination of JQ1 and BI-3812 after
7z2h treatment in technical replicates and biclegical {riplicates. The table also highlights the
expression level of BCLES and BRD4 in gach of the cell ines tested as described in the
Cancer Cell Line Encyclopedia. Based on these results, JWZ-7-7 leads {o significant loss of

viability in the six SCLC cell lines afler 72h treatment.

Cell Line

JQLICE0

NG
H1105

144 uM

Y. JWZ-7-7 {TCIP} FORMS A TERNARY COMPLEX WITH BCLS AND BRD4
FIG. 6 Hlustrates the results of TR-FRET (Time-Resolved Fluorescence Resonance

Energy Transfer) assay to detect fernary complex formation between JWZ-7-7, BRD4 and
BCLS. The upper curve is the signal gensrated by the addition of JWZ-7-7 with purified six-
histidine-tagged bromodomain 1 of BRD4 and biotinviated BTB domain of BCLE, in
combination with a terbium-conjugated anti-histidine antibody and FITC-conjugated
sireptavidin. Reaction was incubated for 1hr at room temperature, and subsequently the
fluorescence at 520nm and 480nm was measurad. The 520nm/490nm ratio is piotted
respeciive (o DMSO control. The two lower curves are performed by addition of Neg1 and
Neg2 instead of JWZ-7-7. Compounds other than JWZ-7-7 that showed termary complex
formation are: XFL-03-018, JWZ-7-8, XFL-03-017, JWZ-7-23, JWZ-7-15, JWZ-7-20, JWZ-7-
22, XFL-01-186, JWZ-7-97, XFL-01-173, XFL-01-185, JWZ-7-98, JWZ-7-100, JWZ-7-13,
and JWZ-7-14. The structure of JWZ-7-7 is provided in FIG. 2 and the structures of Negi
and Neg2 ars provided below:
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Wi N VIVO TARGET ENGAGMENT BY JWZ-7-7 {TCIP1)

To demonstrate target engagement, the nanoBRET assay in HEK cells was used, as
ilflustrated in FIG. 7A. The conditions and methods for nanoBRET, a well-recognized assay
of in vivo target engagement, are described in PMID 28008628, As shown, JWZ-7-7
generated a specific signal of proximity for both G- and N-terminaily labeled BCLE with N-
terminally fabeled BRD4. See FIG. 7B,

¥, MEASUREMENT OF SERUM HALF LIFE OF JWZ.7.7

Tests were performed to determine whether JWZ-7-7 is capable of maintaining
sufficiently high blood levels for Killing SCLC and DLBCL. Formulations for either NV or P
administration were prepared as follows:

Formulation # 1 -Used for IV animals
Concentration: 0.6mg/mi

Compaosition: §/5/90 DMSG/Tween80/saline
Doss: & ulfg body weight

Appearance: clear solution

Formulation # 2 -Used for IP animals
Concsgniration: tmg/mi

Composition: 55/90 DMSO/Tween80/saline
Dose: 10 ylfg body weight

Appearance: clear solution

58]
£
~f
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After either IV or [P injection of 3 mice sach with either 3 mg/Kg (IV) or 10 mg/Kg(IF)}, the

levels of JWZ-7-7 were measured at the indicated intervals. The calculated T1/2 is 4.47

hours for IV injection and 5.63 hours for [V injection. The resulls are summarized in the

5 following the following {able:

iV Mouse-1

: : 3 744580
i Mouse-2 393 0.08

797718

402652 5 a4es7
V¥ Mouses 573 DGR 381309 14,50 988029
Avy LAS7 008 673514 108D 743303

These studies demonstrate that JWZ-7-7 is stable in serum and that concenirations

sufficient to kill either SCLC or DLBCL can bs obtained in 2 mouss.

10 Example 2. ER-BCLS TCiPs

L Synihetic Methods for CIPs that Mediate Binding of an Esirogen Receptor {0 BCL-6

Scheme 1
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Step 1. Preparation of int-1{

A selution of 1-(5-chloro-4-{(8-methoxy- 1-methyi-3-(2-(methylamine)-2-oxoethoxy)-2-oxo-1,2-
dihydroguinolin-G-yhamino)pyrimidin-2-yl)piperidine-4-carboxylic acid (10 myg, 0.02 mma,
according {o It 1) t-Boc-N-amido-PEGS-amine and (30 mg, 0.1 mmol}, HATU (21 mg, 0.05
mmol) and DIPEA (B0 ul, 0.4 mmol) in DMF {0.25 mbL) was stirred at room temperature for 4
h. The crude reaction was purified by HPLC to afford compound Int-1 (18 myg, 85%). M8 obsd.
{(M+H)+1805.9

Step 2. Preparation of compound 1

A solution of Int-1 (18 mg, 0.02 mmol) was dissolved in DCM (1 mL) and added TFA 0.2 mL
and stitred at room {emperature for 0.5 h, The cruds reaction was purified by HPLC {o afford
compound 1, (10 mg, 50%) as white solid. MS obsd. [(M+H)+1:705.8. 'H NMR (500 MHz,
DMSO) 6888 (s, 1H), 8.08(s, 1H), 798 (g, J=4 8 Mz, 1H), 780 (1, J= 5.7 He, 1H), 7.78 (s,
3H), 7.58 - 7.51 (m, 2H), 7.01 (s, 1H), 4.56 (s, 2H}, 4.51 (!, /= 13.2, 3.4 Hz, 2H}, 3.80 - 3.97
{m, 8H), 361 ~3.581(m, 8H), 340 ¢, /=82 Hz, 2H), 3.20 (g, J=86.0Hz, 2H), 3.03 - 2.88 (m,
4H), 2060 (d, J= 47 Hz, M), 242 (1, J= 116 3.9 Hz, 1H), 1.71 (dd, J= 134, 3.6 Hz, 2H),
1.50 (gd, J=12.4, 4.2 Hz, 2H).

Scheme 2

5]
B
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Step 1. Preparation of int-2
5 A solution of  2-((((13S,E)-3-hydroxy-13-methyi-8,7,8,9,11,12,13,14,15, 18-decahydro-17H-
cyclopentalalphenanthren-17-ylidene)amino) oxy)acetic acid (20 mg, 0.06 mmel, according to
lit. 1) t-Boc-N-amido-PEG3-amine and (17 mg, 0.06 mmol}, HATU (33 mg, .08 mmol) and
DIPEA (33 uk, 0.2 mmeol} in DMF (0.5 mL) was stirred at room temperature for 1 h. The crude
reaction was purified by flash chromatography o afford coupling product int-2 (20 mg, 70%;}
10 as white solid
Siep 2. FPreparation of int-3
Ini-3 (80 myg, 0.1 mmol) was dissolved in 1 mL DCM and subjecied to 0.2 mb TFA at room
temperature for 0.5 h. The crude reaction was purified by HPLC to afford compound int-3 (30
mg, 50%). MS obsd. [(M+H)+]: 518.7

Bo
(o4
<
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Step 3. Preparation of compound 2

A solution of Int-3 (30 mg, 0.08 mmol), and 1-(&-chloro-4-{(8-methoxy-1-methyl-3-(2-
{methyiamino}-2-oxoethoxy)-2-oxo-1,2-dihydrogquineolin-8-yhamino) pyrimidin-2-yh piperidine-
4-carboxylic acid (30 mg, 0.06 mmol, prepared according to WO 2018/108704 A, HATU (38
mg, 0.1 mmol) and DIPEA (50 ul., 0.3 mmol} in DMF (1 ml) was stirred at room temperature
for 1 h. The crude reaction was purified by HPLC {o afford compound 2, (10 mg, 50%) as while
solid. MS absd, [((M+H)+111031. 1. TH NMR (500 MHz, DMSQ} § 8.07 (s, 1H), 9.03 (s, 2H), 8.15
~B808(m, 1H),7.94(q, J=4.1Hz, 1H), 786 (1, J= 56 Hz, 1H), 7.82(d, J = 1.5 Hz, 2H), 7.41
(g, =587 Hz, 1H), 7.07 - 8.99 {m, 2H}, 6.51 (dg, J= 8.2, 2.4 Hz, 1H}, 6.44 (g, J = 2.5 Hz,
1H), 4.56 (3, 2H), 4.47 (4, J = 13.0 Mz, 2H), 434 (d, J= 2.6 Hz, 2H), 4.02 (s, 1H), 3.91 ~ 3.84
{m, 5H}, 3.45 - 360 (m, BH), 3.43 {, J=86.0Hz, 2H), 3.38 (dad, J=7.5,4.7, 1.8 Hz, 2H), 3.31
~3.24 {m, 2H), 3.18 (g, J = 5.9 Mz, 2H)}, 2.97 {m, 3H), 2.74 (m, 1H), 2.65 (dd, J = 4.6, 1.2 Hz,
3H), 254 (d, J=85Hz 2H), 228 (id, J =85, 4.1 Hz, 1H), 215 (g, Jd = 4.4 Hz, 1H), 1.91 ~
1.80 (m, 3H), 1.76 ~ 1.60 {m, 3HY, 1.57 — 1.45 (m, 2H), 1.20 ~1.36 (m, 3H), 0.91 ~ 0.85 {m,
3H).

Schems 3
NPy Pre]
Ny PP
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1 el © ¢ NP
Qf)\_, /E\T/\Q/ i T]/N\
& G
i
WY
P
EDCH, DMAP, HOAL (fi\: i o
B B~ . ;\O/
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A solution of  3-(2-2-(1-(5-chioro-4-{({8-methoxy- 1-methyl-3-(2-(methylamino}-2-oxoethoxy)-
2-ox0-1,2-dihydroguinolin-8-ylyamino)pyrimidin-2-yhpiperidine-4-

carboxamido)athoxyjethoxy)propancic acid (7 mg, 0.008 mmel), DHT (6 mg, 8.018 mmol),
EDCI (6 mg, 0.04 mmol), DMAP (5 mg, 0.018), HOAL (5§ mg, 0.009 mmol) in 0.25 mL DMF
was stirred al room temperature for 1 h . The crude reaction was purified by HPLC to afford
compound 3 (2 mg, 30%:;) as white solid. MS obsd. [(M+H)+]:863.1. 'H NMR (500 MHz, DMS0O}
4 10.84 (s, 1H), 8.82 (s, 1H), 8.08 (s, 1H), 7.98 {s, 1H), 7.84 (4, J = 8.3 Hz, 2H), 7.45 ~ 7.60
(m, 2H), 7.00 (s, 1H), 4.55 (s, 2H), 4.53 ~ 4,45 (m, 3H), 387 (d, J= 6.7 Hz, 4H), 381 {4, J =
6.1 Hz, 4H), 3.52 ~ 3.47 {m, 8H), 3.24 ~ 3.15 (m, BH}, 3.00 (s, 2H}, 2.91 {, V= 13.0 Hz, 4H},

251
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278 (s, 3H), 2.78 — 2.75 (m, 4H), 2.66 (d, J = 4.7 Hz, 3H), 2.53 (s, 6H), 2.43-1.99 (BH, m),
1.77-0.73(22H, m).

Compound 4

HN N NN \V/‘\H ,LQ Hi[\‘/[l‘:)

4
Compound 4 was preparad according to procedure of scheme 1.

MS obsd. [(M+H)+]: 639.8. 'H NMR (500 MHz, DMSO) 8 8.76 (s, 1H), 8.00 (s, 1H), 7.92 (g, J
= 4.5 Mz, 1H), 7.70 &, J= 5.7 Hz, 1H), 7.59 (s, 1H), 7.51 ~ 7.44 (m, 2H), 6.93 (s, 1H), 450 ~
4.41 (m, 4H), 3.80 {m, 5H), 2.94 (d, J = 8.7 Hz, 2H), 2.80 — 2.90 (m, 2H), 2.80 — 2.69 {m,
3H), 2.58 (d, J = 4.7 Hz, 3H), 2.35 ~ 2.26 {m, 2H), 1.62 (dd, J = 13.4, 3.7 Hz, 2H), 1.43 -
147 (m, 20H).

Compound 5§
i o}

’\ /L\e

H
;;—D\,/L PaNRe g N \/\Q/\VN /x\,f J’\T

MO’“’ 5 ol
Compound 5 was prepared according 1o procedurs of scheme 2.

MS obsd. [(M+H)+] 1075.2. 'H NMR (500 MHz, DMSO) 5 8.93 (s, 1H), 8.81 (s, 1H), 8.00 (s,
TH), 7.88(d, J=23Hz, 1H), 7.78 {4, J= 8.7 Hz, 1H), 7.46 (s, 2H), 7.33 {q, J = 5.2 Hz, 1H),
6,90 ~6.95(m, 2H), 6,43 (dd, J= 8.4, 2.7 Hz, 1H), 836 (d, J= 28 Hz, 1H), 4.48 (5, 2H},
4,42 {dd, J= 105, 7.0 Hz, 2H), 4.26 (s, 2H), 3.78 (d, J= 6.7 Hz, 4H), 3.40 ~ 3.50 (m, 12H)
320 (m, 2H), 3. 11 {g, J=89Hz, 3H), 283 (4d, /=128, 28 Hz, 2H), 273 ~ 262 (m, 2H),
2.58(d, J= 4.7 Hz, 3H), 253 ~ 2.44 (m, 1H), 2.34 (m, 2H}, 2.20 - 2.02 (m, 13H), 1.83~ 1.70
{m, 3H), 1.67 — 1.60 (m, 2H), 1.42 - 1.27 (m, 2H), 0.80 (s, 3H).

Compound &
N A
L N NH
?-D\/-L\N Al \/»\0/\/?\ .IJ -Jj
H O " E&f’ \!)’/
8 /N \0/ .N.\
iCO oY
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Compound & was prepared according to procedure of schemea 2.
MS obsd. [(M+H)+] 987.1: *H NMR (500 MHz, DMSQ) 6 8.93 (s, 1H), 8.80 (s, 1H), 8.00 (s,
1H), 7.82 (d, J= 83 Hz, 2H), 7.78 {{, /= 5.6 Hz, 2H), 7.46 (s, 2H), 7.34 (g, /= 0.6 Hz, 2H),
7.00 - 8.81 (m, 3H), 6.42 (d, J = 8.3 Hz, 2H), 6.37 (d, J = 7.7 Hz, 2H), 4.45 {d, J = 28.5 Hz,
5 BH), 4.26 (s, 2H), 3.79(d, J= 8.7 Hz, TH), 3.33 (df, /= 18.2, 5.8 Hz, 11H), 3.19 (¢, /= 5.9 Hz,
S5H), 341 (q, J= 6.0 Hz, 4F), 283 {4, J= 124 Hz, 4H), 2.73 - 261 (m, 4H), 288 (d, y=4.7
Hz, 4H), 248 (d, J= 98 Hz, 4H), 238~229(m, 3H),220 (d, J= 132 Hz, 2H), 208 ¢, v =
11.8 Hz, 20}, 1.82 - 1.73 (m, 4H), 1.63 ~ 1.24 (m, 15H), 1.24 — 1,15 (m, 4H), 6.79 (5, 3H).

10 Compound 7

r”\r
\,4 R

' ®

h_wO\/J‘\\i S N NN /§O HN (

d
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CL ;

Compound 7 was prepared according to procedure of scheme 2.
MS obsd. [(M+H)+]: 1025.3. 'H NMR (500 MHz, DMSO) 3 8.95 (br, 2H), 8.76 (s, 1H), 7.99

15 (8, 1H), 7.92(s, tH}, 78B {{, J=58Hz, 1H}, 747, J=21Hz, 1H), 730 {t, /=59 Hz,
1H), 6.98 - 6.91 (m, 1H), 6.43 (dd, J = 8.5, 26 Mz, 1H), 6.37 (d, J = 2.6 Hz, 1H), 4 48 - 4.41
{m, 2H), 4.23 (s, 1H), 3.78 (d, V= 8.2 Hz, 3H), 3.08 - 2.95 (m, 4H), 2.92 (d, J= 4.2 Hz, 3H),
286278 (m, 5H), 2.06 (s, TH), 1.78 {{, J= 140 Hz, 3H), 1.62 - 142 {m, TH), 114 {d, J=
7.5 Hz, 7H), 0.80 (s, 3H).
20
Compound 8
N»‘\{,C!
i
o '\NAN’ ~NH
N—O rlLNf\/-’\/\«;}TLJ (E\
> H a l i /J\G/
' g N
| g
HOI\’ :J/ ¢ I 7

Compound 8 was prepared according to procedurs of schame 2.

MS obsd. [(M+H)+]: 855.1. 'H NMR (500 MHz, DMSO) 6 8.93 (s, 1H), 8.79 (s, 1H), 8.00 (s,
25 AH), 782 (d, J=50Hz, 1H), 788 (4, J=56Hz, 2H), 746 (q, J= 2.3 Hz, 2H), 733 (¢, J=

6.0 Hz, 2H),8.95(d, J=10.7 Hz, 3H), 6.42 {(dd, J= 8.4, 2.6 Hz, 2H),8.36 (d, J= 2.7 Hz,

2H), 4.47 (5, 2H), 444 (d, J= 126 Hz, 2H), 423 (5, 2H), 3.79 {d, /= B4 Hz, 6H), 3.03 (p, J

=G.8 Hz, 4H), 2.93 (g, V= 6.5 Hz, 3H), 2.85 - 2.76 (m, 4H), 2.66 (dd, J = 11.1, 6.1 Hz, 3H),
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264 — 2,56 (m, 5H), 2.50 ~ 2.45 {m, 3H), 2.33 ~ 2.24 (m, 3H), 2.23 ~ 2,16 {m, 2H), 2.05 ¢, J
= 11.2 Hz, 2H), 1.81— 1.70 (m, 5H), 1.65 ~ 1.58 (m, 3H), 1.47 — 1.35 (m, 5H), 1.35 - 1.13
{m, 17H), 0.79 (s, 3H).

5 Schame 4.

J H?Nf-\,O\,/\Gf\,O..VA\N
HO™ NF N | {

ey |

DIPEA, HATU Fo

N P
oMF Y VAI
--------------------------- - Y T

MY

el

N

B < '§. ‘L
~d A N R e TS
' H f !

C 15
Ho ¢

A solution of  2-(({{138,E)-3-hydroxy~13~-methyl-6,7,8,2,11,12,13,14,15,18-decahydro-17H-
cyclopentalalphenanthren-17-ylidens)amino)oxyacetic acid (15 mg, 0.06 mmol, according {o

16§t N-(2-(2-(2-(2-aminoethoxy)ethoxy) sthoxy)ethyl)-1-(5-chioro-4- ((B-methoxy- 1-methyl-3-
{2-({methylaming)-2-oxoethoxyy-2-oxo-1, 2-dihydroquinolin-g-yhiamino) pyrimidin-2-yh-N-
methylipiperidine-4-carboxamide (15 mg, 0.02 mmoal, according {o scheme 1), HATU (20 mg,
.05 mmol) and DIPEA (80 ul, 0.3 mmol) in DMF (0.25 mL) was stirred at room {emperature
for 1 h. Ths crude reaction was purified by HPLC to yisld 8 (2 mg, 15 %) as whits solid. MS

15 obsd. [(M+H)+] 1045.2. TH NMR (500 MHz, DMSO) 5 8.04 (s, 2H), 8.78 (3, 1H), 7.99 (4, J=
4.8 Hz, 1H), 7.89 (d, J= 8.2 Hz, 1H), 7.50 ~ 7.43 (m, 2H)}, 7.31 (g, J= 8.3 Hz, 1H}, 7.00 - 6.91
{m, 3H), 843 (td, J= 8.2 25 Hz, 2H), 837 (dd, J=8.5, 285 Hz, 2H), 455 (s, 1H), 447 (d, J=
18 Hz, 2H), 428 (d, J=22H2, 2H), 370 (dd, J= 57,21 Hz, BH), 3.47 (s, 2H), 3.46 - 3.36
{m, 8H}, 3.35 (s, T1H), 3.23 - 3,14 (m, 1H), 2.89 {d, J = 17.6 Hz, 2H), 2.83 — 2.78 (m, 4H),

200 274 (d, =31 Hz, 2H), 271~ 281 (m, 1H), 2868 (s, 3H), 2.58 (d, J= 4.7 Hz, 3H), 2.38 (dd,
J= 483, 85 Hz, 1), 221 (4, J=13.8 Hz, 2H), 208 (d, J = 11.9 Hz, 2H), 1.80 (d, J = 11.2,
3.4 Hz, 2H), 1.76 (s, 4H), 1.58 (d, J = 10.5 Hz, 2H), 1.45 ~ 1.37 {m, 4H}, 1.35 - 1.27 (m, 3H),
1.27 (3, 8H), 1.25 (d, J= 120 Hz, 1H), 1.18 {dd, /= 13.2, 8.2 Hz, 2H), 0.80 {s, 3H).

25 L Testing of bifunctional CIPs which recruit the estrogen receptor (ER) 1o the
BCLS transcription factor.
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To identify genes that when over expressed can kill a cancer cell an unbiased acreen
of the 13 proapoptotic genes that have been shown {0 be transcriptionally controiled was
performed (Sirasser, A, O'Connor, L. & Didt, V. M. Apoptosis signaling. Annu Rev Biochem
69, 217-245 (2000}). As predicted from the liferature, induction of these genes in breast
cancer, iymphoma and lung SCC lines induced 12 {0 60% cell death after 48 hr of induction
with Dox. As expected, Bim was most effective in lymphoma (Faber, A. C., Ebi, H., Coslia, C.
& Engelman, 1. A, Apoptosis in largeted therapy responses: the role of BIM. Adv Pharmacol
65, 518-542, doi:10.1016/B878-0-12-397927-8.00016-6 (2012)). it was noted that 8 of these
genes are reporied to be BCLS-repressed or FOXO3-activated. To test our hypothesis that
providing additional transcriptional activation {o derepressed BCLS would activate cell death
genes and lead to apoptosis, it was made use of the fact that about 10% of DLBCL
overexpress the estrogen receplor (ER) inciuding the CHOP-resistant Karpas422 line (Dyer,
M. ., Fischer, P., Nacheva, &, Labastide, W. & Karpas, A. A new human B-csil non-
Hodgkin's lymphoma cell line (Karpas 422) exhibiting both t {14,18) and t{(4;11)
chromosomal fransiocations. Blood 75, 709-714 (1930)).

Bifunctional CiPs were synthesized that link the BCLS inhibitor, BI3812 to sstrons, an
astrogen analogue using a series of inkers of different lengths. FIG. 8A provides the
structures of molecules synthesized {0 {est the effect of the linkers on estrone and on
BI3812, as well as negative controls not binding ER (XFL-01-190 and 106)) or BCLE XFL-
33-004).

Several of these molecules produced far more aclive cell death of the CHOP-
resistant Karpasd22 cell ine than either BIS812 or estrone alone or added togsther FIG. 9B
and data not shown). In FIG. 9B, viability of Karpas DLBCL 48 hours after adding estrone,
Bi3812, Bisg02 (BCLS degrader) and XFL-01-82. Note that XFL-01-82 is far more active at
specificaily Killing these cells which over express ER as well as BCLS than either parent
compound. The androgen (XFL-01-108) or finker compounds as well as the two negative
control compounds were alf inactive. Furthermore, these TCIPs had no effect on normal
lymphocytes and several other cell lines not over-expressing either ER or BOLS (FiG. 3).
FIG. 10 shows the dose-respense curves for lymphocytes and three breast cancer cell lines
that do not over-express BCLE. To date, 12 other lines have been tested and killing has not
been observed of any cells not over-expressing both targets. In addilion, the celis die by
apoptosis beginning 8 hours after addition of drug (FIG. 11). InFIG. 4, XFL-01-92 induces
apoptosis within 8 hours of addition to Karpas 422 cells. Annexin V and 7TAAD staining
identify early and late apoptosis. These studies indicats that the ER-BCLS- CIP is specific for
celis over-exprassing both ER and BCLE and that sensitivity is predictable.
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Example 3. CDKS-BCLS TCIPs

i Synthesis and Characterization of TCIPs

General Procedure

03
SN
9 AP
o SO A T K
BocHN R n 4 e
y—\xfxvi\.ﬂ o“‘ﬁll’\f"nﬂww) 5 T\./‘\“F_ﬂ/ .
gt N 0o P L 3 ¢
,M‘] X=0, G {1 7 oquisy }_h\) £ ) )hL /-ka.)\:‘ CA Y
e ] AT 8 N i HATY (1.5 equiv) -~ N R4
S eNen O EA v s <J\z UREAZDSRN " ) U T
L v}..(.\. s i R My N 2
e OME, 1t h o P
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0
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To a solution of SNS-032 (0.010 ¢, 0.02 mmol, 1.0 equiv) in DMF (0.2 mL) was added N-
Boc-carboxylic acid linker (1.2 equivy, HATU {12 mg, 8.03 mmol, 1.5 equiv), and DIPEA
{0.01 mL, 0.04 mmol, 2.0 equiv) and the resulling yellow solution was stirred at ambient
temperature uniil UPLC-MS analysis indicated full conversion of starting material. The
reaction mixture was diluted with EtOCAC and water was added. The aqueous layer was
exiracted with EtOAC and the combined organic exiracts washed with brine, dried over
NaxS0,, and concentrated under reduced prassure. The resulting residue was taken up in
1.4-dioxane (0.2 mb) and HCH{0.2 mL, 4.0 M in 1,4-dioxane) was added. The mixiure was
stirred until UPLC-MS analysis indicated complete removal of the Boc protecting group,
upon which all volatiles were removed under reduced pressure. The obtained residue was
taken up in DMF (0.2 mL) and BI2356 (0.010 g, 0.021 mmol, 1.0 equiv), HATU @.012 g,
.03 mmol, 1.5 equiv), and DIPEA (0.01 mL, 0.04 mmol, 2.0 equiv) were added. The
reaction mixture was stirred at ambient temperature until full consumption of starting material
was observed by UPLC-MS and the reaction mixiure was purified without work-up by

preparative, reverse-phase high-performance liguid chromatography (RP-HPLC).

BAK-04-014
N
3 &
o ./\j’l‘vﬁ*}srﬁ‘i*'
3 f\)"\i/\/\(“\/ !
N NN ﬁ\mﬁ,w\/ " o
" Q*;\NQX’E\’N
Pod BAK-QH014

H NMR (500 MHz, DMSO-ds) 5 = 12.29 (s, 1H), 9.20 (s, 1H), 8.13 (s, 1H), 7.95 (d, J= 4.9
Hz, 1H), 7.83 (t, J = 5.6 Hz, 1H), 7.50 (s, 2H), 7.38 (d, J = 1.8 Hz, 1H), 7.02 (s, 1H}, 6.70 s,
M), 4.55 (s, 2H), 4.44 (d, J = 13.1 Hz, 2H), 4.37 (d, J = 13.0 Hz, 1H), 4.04 (s, 2H), 3.86 (d, J
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= 7.2 Hz, BH), 3.12 - 2.91 (m, 4H), 2.76 - 2.68 {m, 1H), 2.65 (d, J = 4.7 Hz, 3H), 2.58 (¢, J =
12.8 Hz, 1H), 2.43 = 2.35 (M, 10H), 2.30 (q, J = 7.4 Hz, 1H), 1.84 — 1.71 (m, 1H), 161, J =
7.2 Hz, 1H), 1.58 — 1.49 (m, 2H), 1.18 (s, OH). MS (M)* = 575.58

S BAK-04-015

o 2
o " rr )LN"\/\/U\N "
\N)’\/o . /NYNJ i N

AN N . NS, .
b 1/ YL CF s By
PN SN BAKL4D1E § \—’«o"‘\\ .
b o
-~

H NMR (500 MHz, DMSO-ds) 5 = 12.29 (s, 1H), 8.98 (s, 1H), B.09 (s, 1H), 7.95 (d, J = 4.8
Hz, 1H), 7.80 (t, J = 5.7 Hz, 1H), 7.54 — 7.50 (m, 2H), 7.38 (s, 1H), 7.01 (s, 1H), 6.70 (s, 1H),
4.55 (s, 2H), 4.48 (d, J = 13.0 Hz, 2H), 4.37 {d, J= 13.2 Hz, 1H), 4.04 (s, 2H), 3.86 (d, J =

10 7.4 Hz 6M), 3.03 (q, J= 7.0 Hz, 3H), 2.92 (t, J = 12.6 Hz, 2H), 2.76 — 2.67 (m, 1H), 2.65 (d,
J= 4.6 Hz, 3H), 2.57 (t, J = 12.5 Hz, 1H), 2.43 - 2.35 (m, 1H), 2.30 (q, J = 7.1 Hz, 2H), 1.85
~1.75 (m, 2H), 1.71 {d, J = 12.7 Hz, 2H), 1.58 ~ 1.32 (m, OH), 1.16 (s, OH). MS (M) =
992.54.

15 BAK-04-016

/ﬂ"\_ /“‘X \!

j)‘;f
(A\"'J\'\!A\‘/\/\ﬂ’
J\,O\% ’I ﬁ/ N~

o N\//\J“\ BAKDA-G18

H NMR (500 MHz, DMSO-ds) 8 = 12.29 (s, 1H), 9.00 (s, 1H), 8.09 (s, 1H), 7.96 (d. J= 5.0
20 Hz, 1H), 7.78 (4 J = 5.6 Hz, 1H), 7.52 (d, J = 1.2 Hz, 2H), 7.38 (d, J = 1.3 Hz, 1H), 7.01 (s,
1H), 6.71 (d, J = 1.4 Hz, 1H), 4.55 (s, 2H), 4.48 (d, J = 13.1 Hz, 2H), 4.37 (d, J = 13.2 Hz,
1H), 4.05 (d, J = 1.4 Hz, 2H), 3.86 (dd, J = 7.5, 1.3 Hz, 8H), 3.02 (g, J = 7.1 Hz, 3H), 2.92 &,
J= 127 Hz, 2H), 271 (t J = 11.1 Mz, 1H), 2.65 (4d, J = 4.6, 1.3 Hz, 3H), 2.57 (¢, J = 12.0
Hz, 1H), 2.38 (1, J = 11.5 Hz, 1H), 2.34 = 2.21 (m, 2r), 1.84 ~ 1.75 {m, 3H), 1.71 (d, 4 = 125
Mz, 2H), 1.48 (dd, J = 18.5, 10.3 Hz, 5H), 1.38 (d, J = 8.0 Hz, 3H), 1.26 {dt, J = 15.0, 6.8 Hz,
3H), 1.17 (8, J = 1.3 Hz, 9H). MS (My* = 1006.59.
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BAK-04-021

BAK-04-021

Jk »\/\/»/”\
\J\,t LQ’L\(NV i /j\(g \,‘: ’ij\

H NMR (500 Mz, DMSO-ds) 5 = 12.29 (s, 1H), 8.92 (s, 1H), 8.08 (s, 1H), 7.7 (d, J= 4.9
Hz, 1HY, 7.77 (t, J = 5.6 Hz, 1H), 7.52 (s, 2H), 7.38 (s, 1H), 7.00 {s, 1H), 8.71 (s, 1H), 4.55
(s, 2H), 4.49 (d, J= 13.1 Hz, 2H), 437 (d, J = 13.2 Hz, 1H), 4.04 (s, 2H), 3.86 (d. J = 7.3 Hz,
6H), 3.01 (g, J= 7.2 Mz, 2H), 2.90 (t, J = 12.5 Hz, 2H), 2.75 — 2.67 (m, OH), 2.65 (d, J= 4.6
Hz, 3H), 2.58 (d, J = 12.5 Hz, 1H), 2.43 — 2.33 (m, 1H), 2.28 (td, J = 7.4, 4.8 Hz, 2H), 1.80 (t,
J= 115 Hz, 2H), 1.70(d, J = 12.6 Hz, 2H), 1.57 — 1.42 (m, 5H), 1.37 {, J = 7.0 Hz, 3H),
1.31=1.21 (m, 5H), 1.16 (s, OH). MS (M)* = 1020.64

BAK-04-022

N
0w &
o qﬂ\ni}sr‘ofik
i~ n H

& H
oF r?’ # N BAK-04-022
)

THNMR (500 MHz, DMSO) 5 12.38 (s, 1H), 879 (s, 1H), 8.17 (d, J= 4.9 Hz, 1H), B.05 (s,
1H), 7.88 (1, J = 5.7 Hz, 1H), 7.56 (g, J = 2.3 Hz, 2H), 7.37 {s, 1H), .98 (s, 1H), 6.70 (s, 1H),
4.57 (s, 2H), 4.51 (d, J = 12,6 Mz, 2H), 4.36 (d, J = 12.7 Hz, 1H), 4.04 (s, 2H), 3.86 (d, J =
7.6 Hz, BH), 3.00 (q, J = 7.1 Hz, 3H), 2.87 (t, J = 12.6 Hz, 2H), 2.78 ~ 2.73 (m, 1H), 2.64 (d,
J= 4.6 Hz, 3H), 2.56 (5, 1H), 2.43 - 2.35 (m, 1H), 2.30 ~ 2.24 (m, 1H), 1.78 (¢, J = 12.5 Hz,
2H), 1.70 (d, J = 12.6 Hz, 2H), 1.48 (d, J = 12.1 Hz, 8H), 1.37 (5, 2H), 1.23 (d. J = 7.0 Hz,
gH), 1.16 (s, SH). MS (M) = 1034.55..
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BAK-04-023

H NMR (500 MHz, DMSO-ds) & = 13.62 (s, 1H), 10.40 (s, 1H), 9.44 (s, 1H), 928 (d, J = 4.8
Hz, 1H), 9.10 (t, J = 5.6 Hz, 1H), 8.85 (s, 2H), 8.72 (s, 1H), 8.35 {s. 1H), 8.04 (5, 1H), 5.88

5 (s, 2H), 5.79(d, J= 13.1 Hz, 2H), 571 (d, J= 13.1 Mz, 1H), 5.38 (s, 2H), 520 (d, J= 6.7 Hz,
BH), 4.34 (g, J = 7.0 Hz, 2H), 4.26 (t, J = 12.5 Hz, 2H), 4.04 (ddt, J= 11.4, 7.7, 3.7 Hz, 1H),
3.98 (d, J = 4.8 Hz, 3H), 3.94 — 3.87 (m, 1H), 3.76 ~ 3.88 (m, 1H), 3.81 (q, 4 = 7.1 Hz, 2H),
3.18 ~ 3.00 (m, 2H), 3.04 (d, J = 12.7 Hz, 2H), 2.00 - 2.77 (m, 2H), 2.71 {d, J = 7.5 Hz, 1H),
2.58 (s, 9H), 2.50 (s, 9H). MS (M)* = 1048.63.

10
BAK-04-028
0. K
o w4
: LA
PN ‘O "
jf\ o »\f,ﬁ 0] »Ea\/ 4 \/\E
S g N
" o’l‘:ls\li\;fics E\’/I
L0
BAK-04-028
TH NMR (500 MHz, DMSO-ds) 8 = 12.29 (s, 1H), 8.99 (s, 1H), 8.09 (s, 1H), 7.94 (d, /= 4.8
15 Hz, 1M, 783 (t, J= 5.6 Hz, 1H), 7.52 (s, ZH), 7.38 (s, 1H), 7.00 {5, 1H), 6.70 (s, 1H), 4.55

(s, 2F), 4.47 (d, J = 13.1 Hz, 2F), 4.37 (d, J= 13.1 Mz, 1H), 4.04 (s, 2H), 3.91 (d, J = 13.7
Hz, 1H), 3.86 (d, J = 7.7 Hz, 6H) 3.61 {t, J = 6.5 Hz, 2H), 3.38 (¢, J = 5.9 Hz, 2H), 3.18 (q. J =
6.0 Hz, 2H), 3.02 ¢, J = 124 Hz, 1H), 2.93 (d, J= 127 Hz, 1H), 2.74 - 2.68 (m, 1H), 2.5 (d,
J= 4.7 Hz, 3H), 2.61 ~ 2.52 (m, 2H), 2.46 - 2.37 (m, 1H), 1.83 — 1.75 (m, 2H), 1.72 (d, J =

20 12.8 Mz, 2H), 1.51 (9d, J = 13.0, 5.5 Hz, 3H), 1.44 ~ 1.34 (m, 1H), 1.16 (s, 9H). MS (M) =
1008.52.
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BAK-04-028

H NMR (500 MHz, DMSO-ds) 6 = 12.28 (s, 1H), 8.95 (s, 1H), 8.08 (s, 1H), 7.95(d, J= 4.8
Hz, 1H), 7.86 (t, J = 5.7 Hz, 1H), 7.52 (s, 2H), 7.38 (s, 1H), 7.00 {s, 1H), 8.70 (5, 1H), 4.55
(s, 2K), 4.48 (d, J = 13.1 Mz, 2rD), 4.36 (¢, J= 13.1 Mz, 1H), 4.04 (s, 2H), 3.91(d, /= 138
Hz, 1H), 3.86 (d, J = 7.4 Hz, 8H), 3.81 ¢, J= 6.7 Hz, 2H), 3.49 (s, 4H), 3.30 (&, J = 5.9 Hz,
2H), 3.18 (q, J = 5.9 Mz, 2H), 3.01 (, J = 12.7 Hz, 1H), .91 (t, J = 12.6 Hz, 2H), 2.71 (ddd, J
=11.4,7.5, 3.8 Hz, 1H), 2.62 — 2.52 (m, 2H), 2.46 — 2.39 (m, 1H), 1.83 = 1.75 (m, 1H), 1.71
{d, J=12.8 Hz, 2H), 1.51 {ddd, J = 20.6, 13.4, 9.5 Hz, 2H), 1.44 ~ 1.34 (m, 1H), 1.16 (s, 9H).
MS (M)* = 1052.29..
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BAK-04-030 o

"H NMR (500 MHz, DMSO-de) 5 = 12.28 (s, 1H), .21 {5, 1H), 8.13 (s, 1H), 7.95 (d, J = 4.8
Mz, 1H), 7.87 (t, J = 5.7 Hz, 1H), 7.50 (s, 2H), 7.38 (s, 1H), 7.02 (s, 1H), 6.70 (s, 1H), 4.55
(s, 2H), 4.42 (d, J = 13.2 Mz, 2H), 4.36 (s, 1H), 4.04 (s, 2H), 3.92(d, J = 13.8 Mz, 1H), 3.88
(d, J = 5.8 Hz, BH), 3.60 {t, J = 6.7 Hz, 2H), 3.54 — 3.45 (m, 8H), 3.39 (t, J = 5.9 Hz, 2H),
318 (q, J = 5.9 Hz, 2H), 3.06 ~ 2.92 (m, 3H), 2.71 (ddd, J= 114, 7.5, 3.7 Mz, 1H), 285 (d, J
= 4.7 Hz, 3H), 2.62 - 2.53 {m, 2H), 2.47 - 2.40 (m, 1H), 1.83 ~ 1.75 (m, 1H), 1.72(d, J =
12.8 Hz, 2H), 1.60 ~ 1.47 {m, 3H), 1.39 (q, 4 = 11.2 Hz, 1H), 1.16 (s, 9H). MS (M)* =
1095.58.

it Activity of TCIPS
FIG. 15 COKS9-BCLS TCIPs Effectively Kill Human Lymphomas. The moiecules
shown in FIG. 14 were ussd at the indicated concantrations {o treat different lymphoma cell

lines, such as SUDHLS shown here. Death was recorded 72 hours later.
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FIG. 16 CDKS-BCLE TCIPs are more effective at killing lymphoma cells than
component molecules and competitor molecules.

FIG. 17 COK2-BCLE TCIP BAKO4-21 forms a ternary complexin cells that can be
competed with the BCLG inhibitor. Cell death was recorded 72 hours after adding TCIP
BARKO4-21 with increasing concentrations of the BCLS inhibitor BI3812, shown on the X axis.

Example 4. AR-BCLE TCIPs
i Synthesis of AR TCiPs
Synthesis of oxime intermediate 3

fo) o]
o] N-O F

1"

1) ethyiens ghycol H, S “ Nﬂ\/)LoH N / \/\OH
#TsOH \ PP T W
"""""""""""""""" NG Q T e e
7 bMP (\— 2 : P H
- H ¥
3 2 3

To a solution of dihydrotestosterone (DHT, 1, 0.50 g, 1.7 mmol, 1.0 squiv) in toluene (8 mb)
was added ethylene glycol (3.4 mbL) and para-toluenesulfonic acid monchydrate (033 g, 1.7
mmal, 1.0 equiv) and the resulting mixture was stirred at 80°C for 1 h. The reaction mixture
was cooled to ambient temperature and all volatiles were concenirated under reduced
pressure. The residue was partitioned between CHaCh and ag. sat. sodium bicarbonate and
the agueous layer was exiracted with CHCl, The combined organic extracts were washed
with brine, diied, and concentrated under reduced prassure 1o afford a white solid, which was
taken up in CHClL (10 ml) and KOAc (0.20 g, 2.0 mmol, 1.2 equiv) and PCC (0.73 g, 3.4
mmal, 2.0 equiv) were added. The dark suspension was stirred at ambient temperature for 2
h, after which it was diluted with diethyl ether and filtered over a plug of celite. The filtrate was
concentrated to afford 2 as a white solid (0.57 g, quantitative yield). Intermediate 2 (0.16 g,
3.47 mmol, 1.0 equiv) was dissolved in pyridine (5 mb) and 2-(aminooxy)acetic acid
hydrochioride (.17 g, 1.3 mmol, 2.8 equiv) was added. The reaction mixiure was stirred at
ambient temperature untit TLC analysis indicated full consumption of starting material. The
mixture was poured on 10% aqueous HCl and the water phasse was exdracted with EiOAc.
The combined organic exiracts were washed with brine and concentrated under reduced
pressure. The resulting residue was taken up in acetone {4 mb) and 2 M HCI (2 mL) and the
solution was stired for 2h. The aqueous layer was exdracied with CHCl; and the organic

extracts were concentrated o afford intermediale 3 as while solid (0.17 g, guantitative yield).

H NMR (500 MHz, CDCls) 6 = 4.57 (d, J = 1.8 Hz, 2H), 2.63 ~ 2.46 (m, 2H), 2.44 - 2.23 (m,
3H), 2.10 (ddd, J = 15.0, 4.0, 2.2 Mz, 1H), 2.02 (ddd, J = 13.2, 6.5, 2.3 Hz, 2H), 1.95 - 1.88
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(m, 1H), 1.88 ~ 1.73 (m, 3H), 1.68 (ddd, J= 9.1, 3.9, 2.5 Hz, 1H), 1.59 ~ 1.40 (m, 2H), 1.47 —
1.32 (m, 8H), 1.28 ~ 1.18 (m, 2H), 1.03 (5, 3H), 0.99 (dd, J = 12.5, 5.0 Hz, 1H), 0.94 (s, 3H),
0.87 - 0.77 (m, 2H).

j\i“\%m BooHN AN oo /E‘;\/(’Ci
wo N i &) RHN\/'{LX/\}N "4‘\,} .

7 "L\_/f N NH X =0, OH; (1.2 eguiv) * hn ;’)r it

e HATU (1.5 squiv) /(i’l)
P Y/ DIPEA (2.0 squiv) Q,"'? }/*\O

&) DMF, 1, th N,/

;0/)» -N i v Q i “~
O\},J s “k}/'/ 3
o Q N
)

SH=BC el 1.4-cioxane
&R=H -

To a solution of 4 (11 mg, 6.016 mmaol, 1.0 equiv) in DMF (0.3 mL} was added N-Bac-bis aming
linker (1.2 equiv), HATU {12 mg, 0.031 mmol, 2.0 equiv) and DIPEA (4.2 pL, 0.024 mmol, 1.5
equivy and the resulting yellow-brown solution was stirred at ambient temperature for 2h. The
solvent was removed under reduced pressure and high vacuum and the material was taken
up in 1.4-dioxane (0.2 mL) and 4 M HCH in 1. 4-dioxane (0.2 ml) and stirred at ambient
temperature for 30 min. The volatiles were removed under reduced pressure and the residue
was used in the subsequent step without further purification.

ol
AN
N\;:I\i /’w\ 0\
N A
'\J MO
8 HNY G,
HATU A, @
DIFEA o famll o=
DME o NG X }\EH
~ d%j\ A

7

H

intermediate 3 (6.4 mg, 0.018 mmol, 1.1 equiv)} and 8 (1.0 sguiv) were disscived in DMF (0.3
mi} and HATU (8.1 mg, 0.024 mmol, 1.5 equiv) and DIPEA (8.4 pl, 0.048 mmol, 2.0 equiv}
were added. The resuling yeliow solution was stirred at ambient {emperature unili LOMS
analysis indicated completion of the reaction. The solution was dirsctly purified by RP-HPLC.
RC§-02-058
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MS (M) = 1004.62.
H NMR (500 MHz, DMSO) 5 = 8.07 (s, 1H), 8.11 (s, 1H), 7.95 (4, J = 4.9 Mz, 1H), 7.88 (d, J
= 5.7 Hz, tH), 7.53 (s, 2H), 7.38 {1, J = 5.9 Hz, 1H), 7.01 (s, 1H), 4.55 (s, 2H), 4.47 (d, J =
13.1 Hz, 2H), 4.31 (5, 2H), 3.90 ~ 3.81 (m, 6H), 3.50 (s, 4H), 3.40 (dt, /= 11.7, 5.9 Hz, 4H),
3.26(q,J=5.9Hz, 2H), 319 (q, J = 5.6 Hz, 2H), 2.95 ¢, J = 12.6 Hz, 2H), 266 (d, J = 4.6
Hz, 3H), 2.48 ~ 2.35 (m, 3H), 2.28 (1, J = 14.4 Hz, 1H), 2.10 - 2.03 (m, 1H), 1.92 - 1.83 {m,
2H), 1.78 ~ 1.63 (m, 4H), 1.58 — 1.41 (m, 4H), 1.36 ~ 1.18 {m, 6H), 1.08 (td, J= 11.8, 5.9 Hz,
1H), 0.96 (s, 3H), 0.93 ~ 0.85 (m, 1H), 0.84 (5, 3H), 0.72 (t, J = 12.0 Hz, 1H).

(v

RCS-02-060

TN
Nt N EY
N . N i
L AN vl

TN L
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7

el

MS (M)" = 960.57.

HNMR (500 MHz, DMSO) 6 = 9.07 (s, 1H), 8.11 (5, 1H), 7.94 (d, J= 4.9 Hz, 1H), 7.83 @, J
15 =58z, 1H), 7.58 - 7.50 (m, 2H), 7.38 t, J = 5.8 Hz, 1H), 7.01 (s, 1H), 4.54 (s, 2H), 4.46

(4, J = 13.2 Hz, 2H), 4.30 (s, 2H), 3.86 (d, J= 6.2 Hz, 6H), 3.39 (g, J= 5.7 Hz, 4H), 3.25 (g,

J=5.9Hz, 2H), 3.18 (q, J = 5.8 Hz, 2H), 3.00 = 2.83 (m, 2H), 2.65 (d, J = 4.7 Hz, 3H), 1.90

~1.81 (m, 2H), 1.76 = 1.61 (m, 5H), 1.57 - 1.37 (m, 4H), 1.26 (ig, J = 19.3, 13.0 Hz, 5H),

1.11 - 1.02 (m, 1H), 0.95 (s, 3H), 0.92 ~ 0.84 (m, TH), 0.82 (s, 3H), 0.70 (t, J = 11.3 Hz, 1H).
20

RCS-02-061
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MS (V)" = 1048.63.
H NMR (500 MHz, DMSO-06) 8 = 7.66 (d, J = 2.2 Mz, 1H), 7.13 (d, J = 2.2 Hz, 1H), 6.86 (1,
J=5.0Hz, 1H), 6.65 (q. /= 4.9 Hz, 1H), 6.51 @, J= 5.3 Hz, 1H), 4.75 (s, 2H), 4.71 (s, 2H),
3.89 (d, J = 9.5 Hz, 6H), 3.77 (ddd, J = 15.5, 9.4, 6.8 Hz, 2H), 3.71 = 3.55 (m, 14H), 3.37 (dt,
J=5.0, 4.2 Hz, 2H), 3.30 (di, J = 5.4, 4.6 Hz, 2H), 2.84 (d, J = 4.9 Hz, 3H), 2.59 — 2.25 {m,
9H), 2.05 (m, 2H), 1.84 ~ 1.44 (m, 11H), 1.41 — 1.27 (m, 3H), 1.18 — 1.09 (m, 1H), 1.07 (s,
3H), 1.02 (s, 3H), 0.90 (m, 1H).

RCS-02-062
N-O, j
p
H«.if/\sig'/& E—\’O\, N
g //E\~ u _
/ /\E\H’H © ”\;
Oﬁ\\«"i -~ I
” !
Y ;
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MS (M) = 1002.73.
'H NMR (500 MHz, DMSO-d8) 5 = .18 (s, 1H), 8.26 (s, 1H), 7.86 (d, J = 2.2 Hz, 1H), 7.13
(d, J= 2.2 Hz, 1H), 8.86 &, J= 5.0 Hz, 1H), 865 (g, J = 4.8 Hz, 1H), 851 (t, J = 5.3 Hz, 1H),
4.75 (s, 2H), 4.71 (3, 2H), 3.80 (d, J = 8.5 Hz, 6H), 3.77 (ddd, J = 15.5, 9.4, 6.8 Hz, 2H), 3.72
~3.61 (m, 14H), 3.58 (dt, J = 7.0, 4.4 Hz, 4H), 3.37 (dt, J = 5.0, 4.2 Hz, 2H), 3.30 (dt, J =
5.3 4.6 Hz, 2H), 2.84 (3, J = 4.9 Hz, 3H), 2.59 - 2.25 (m, 8H), 2.05 (dddd, J = 13.2, 9.4, 6.8,

264



WO 2023/215311 PCT/US2023/020719

5.3 Hz, 2H), 1.84 — 1.44 (m, 11H), 1.41 ~ 1.27 (m, 3H), 119 — 1.09 {m, 1H), 1.07 (s, 3H),
1.02 (s, 3H), 0.94 ~ 0.85 (m, 1H).

RCS-02-063

2
}
Lo

MS (M)” = 930.54.
"H NMR {500 MHz, DMSC-dBd) 8 = 9.18 (s, 1H), 8.26 (s, 1H), 7.66 {d, J = 2.2 Hz, 1H), 7.52
{t, J= 4.9 Hz 1H), 713 (d, J= 2.2 Hz, 1H), 8685 (g, J = 4.9 Hz, 1H), 8.44 (¢, J = 5.3 Hz, 1H),
4.75 (s, 2H), 4.71 (s, 2H), 3.89 (d, J = 8.5 Hz, 6H), 3.77 (ddd, J = 15.5, 9.4, 6.8 Hz, 2H), 3.64

10 (ddd, J= 15.4, 9.4, 8.8 Hz, 2H), 3.16 (m, 4H), 2.84 (d, J = 4.9 Hz, 3H), 2.58 ~ 2.25 {m, 9H),
2.05 (m, 2H), 1.84 ~ 162 (m, 8H), 1.62 ~ 1.55 (m, 4H), 1.55 — 1.52 (m, 2H), 1.52 ~ 1.44 (m,
2H), 1.41 - 1.27 (m, 3H), 1.18 — 1.09 (m, 1H), 1.07 (s, 3H), 1.02 (s, 3H), 0.94 ~ 0.86 (m, 1H).

il AR TCIPs Rewire Cancer Drivers 1o Activale Proapopiotic Genes in  Prostatic
15 Cancer Celis
The AR-BCLS TCiPs synthesized in | above were {ested for their ability to kilt
prostate cancer cell lines as an indication of their ability {o treat human prostatic cancer. The
resuils are shown in FIG. 24, AR-TCIPs rapidly and robustly kill human prosiatic cancer cel
lines. Four different cell lines were used that are androgen-dependent. The drugs were
20 added at the indicated concenirations and viable celi counts determined after 72 hours of
exposure. RCS-02-063 shows effective killing of each prostate cancer cell lines. The ECS0
is shown in each case. TCIP RCS-02-063 shows effective killing with an 1C50 of about 1 uM.

il Activity of RCS-02-063

25 To ascertain activily of TCIP RCS-02-063 as schematically fllustrated in FIG. 1, w 2 BRET
assay was developed to detect in vivo target engagement and ternary complex formation.
FiG. 25 provides an illustration of the assay as wells the results obtained therefrom. As
shown, the nanoBRET assay was constructed using long-wavelength flucrophore {(HaloTag)
HT-iabeled AR and an exiramely bright luciferase (Nanoiuc)-iabeled BCLS. A BRET signal

265



WO 2023/215311 PCT/US2023/020719

at 818nm was then detected after excitation at 460nm of HEK293 cells infected with the
labeled fusion proteins. The results show that TCIP RCS-02-063 induces a robust BRET
signal indicating in vivo target engagement. The resulis indicate that, within the cell, TCIP
RCS-02-063 induces proximity of the labeled BCLG and iabeled AR

Exampie 8. A compound of the disclosure activailes preapoptotic BOLS targets by

recruiting less than 10% of the amount of BRD4 present in a farget ceil,

Karpas 422 cells were treated for ong hour with TCIP1 and then CHIF-seq was
carried out with antibodies to BRD4. As shown in FIG. 26 {upper left panel), TCIP1
10 produces a small reduction in the amount of BRD4 over genomic enhancers. In confrast, the
upper right panel of FIG. 26 shows that TCIP1 treatment results in a 50% increase in BRD4
over genomic BCLS siles near upreguiated BOLS targel genes. The bottom panel of FIG. 28
is a reconstruction of this experiment {aking info account that 80% of BRD4 is bound to
anhancers genome wide and shows the degres of reiocalization of about 10% of BRD4 from
15 enhancers that have most of the cell’'s BRD4 o the BCLS fargei genes, wheretherg is a

50% inecreass with TCIP treatment.

Example 6. Rewiring Cancer Drivers to Activale Apoptosis

Genes that drive the proliferation, survival, invasion and metastasis of malignant cells
20 have besn identifisd for many human cancers. independent studies have identified ceall
death pathways that sliminate cealls for the good of the organisnt.
This example describes a new class of molecules: TCIPs (Transcriptional/Epigenstic
Chemical Inducers of Proximity) that recruit the endogenous cancer driver, or a downsiream
transcription factor, to the promaters of cell death genss, thereby activating their expression.
25 To develop this concept, this example focuses on diffuse large B cell lymphoma (DLBCL), in
which the transcription factor BCLG (B-cell lymphoma 8) is deregulated. BCLS binds to the
promoters of cell death genes and epigenetically suppresses their expression. The first
TCIPs were produced by chamically linking BCLS inhibitors to small molecules that bind
transcriptional activators, such as BRD4. TCIP1 reduces hinding of BRD4 at enhancers by
30 10%, whils increasing ifs binding by 50% over genomic BCLS binding sites, producing Pol 1l
serine 2 phosphorylation and {ranscriptional elongation of proapoptotic BCLS targets within
15 minutes. TCIP1 kills DLBCL lines, including chemotherapy-resistant, TP3-mutant fines
with an ECse of 1.3 nb in 72 hrs, reflecting a dominant gain-of-function mechanism. TCIP1
captures the combinatorial specificity inherent o transcription and operates at low target
35 occupancy explaining its relative lack of toxicity to normal cells and mice. The gensral TCIP

concept has applications in slimination of senescent celis, enhancing expression of
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therapsutic genas, treatment of dissases produced by haploinsufficiency, and activation of
immunogens for immunoctherapy.
To rewire franscriptional circuits within a genetically unmodified cell or organism,
small molecules were developed that allow the recruitment of {ranscriptional or epigenstic
5 requiaiors fo the regulatory regions of target therapeutic genes. The general features of the
concept and design of a TCIP is lllustrated in FIG. 27A and involves synthesis of small
molecuies that bind a specific transcriptional or epigenstic regulator on one side, and on the
other side, a transcription factor that binds 1o a target therapeutic gene.
i
10 1 Gell Culture
Lymphoma and leukemia calls were cultured in RPMI- 1640 (ATCC 30-2001) + 10%
FBS with antibiotics (100X PenStrep GIBCCO #15140122). Primary human fibroblasts were
obtained from ATCC #CRL2522), cultured in DMEM+10% FBES with antibiotics and used at
passages 3-5. Primary human tonsiliar lymphocytes were a kind gift from M. M. Davis. Cslis
15 were roulinely checksd for mycoplasma and immediately checked upon suspicion. No
cultures fested positive.
2. Cell Viability Measuremenis
30,000 cells were plated in 100 pl. media per well of a 98 well plate and treated with
drug for indicated times and doses. A resazwin-based indicator of cell health (PrestoBlue,
20 ThermoFisher #P50200) was added for 1.5 hours after which the fluorescence ratio at
580/590nm was recorded. The background fluorescence was subiracted and the signal was
normalized to DMSQO-freated cells. ECs measurements on cell ines wers done with 4
biological repsats by separate cell passages maintained by 3 independent investigators. Fit
of dose-response curves to data and statistical analysis was performed using drc package in
25 R using the four-parameter log-logistic function,
3. PRISM Cell Proliferation Assay
The PRISM cell proliferation assay was carried out as previously described (Yu st al,
Nature Biotechnology (2018) 34.419-423).
4. Chemical Synthesis
30 Unless otherwise noled, all reagents were purchased from commercial suppliers and
used without further puification unless otherwise noted. Reactions were monitored using a
Waters Acquity UPLG/MS system (Waters PDA eh Detector, QDa Detector, Sample manager
- FL, Binary Soivent Manager) using Acquity UPLC® BEH C18 column (2.1 x 50 mm, 1.7 um
particle size): solvent gradient = 85% A at Omin, 1% A at 1.7 min; solvent A= 0.1% formic
35 acid inwater; solvent B = 0.1% formic acid in Acetonitrile; flow rate: 0.6 miJ/min. Analytical thin
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layer chromatography (TLC) was performed on Merck silica gel 80 F254 TLC glass plates and
anaiyles were visualized by fluorescence quenching (using 254 nm light) and stained by
potassium permanganaie solution (KMnG4 (3 g), KaCO5 (20 g), 5% ag. NaOH (5 mL), water
{300 mly) followed by heating. Purification of reaction products was carried out by
5 flash column chromatography using CombiFlash®R{ with Teledyne Isco RediSep® normal-
phase silica flash columns (d g, 12 g, 24 g, 40 g or 80 g) or preparative RP-HPLC using Waters
SunfFireTM Prep ©18 column (19 x 100 mm, 5 um particle size) using a gradient of 10-80%
methano! in water containing 0.05% trifiucroacetic acid (TFA) over 40 min (45 min run time)
at a flow of 40 mi/min. Assayed compounds were isolated and fested as TFA salis and
10 purities of assayed compounds were in all cases greater than 85%, as determined by reverse-
phase UPLC analysis. NMR spectra were acquired on a 500 MHz Bruker Avance |l
spectrometer, operating at the denoted spectrometer frequency given in MHz for the specified
nucleus. All experiments were acquired ai 208.0 K with a calibrated Bruker Variable
Temperature Controller unless otherwise noted. The chemical shifts are reported in parts per
15 million {ppm) and coupling constants (J) are given in Hertz (Hz). 'H NMR spectra are reportsd
with the solvent resonance as the refsrence unisss nofed cotherwise (CDCH at 7.26 ppm,
CD:0D at 3.31 ppm, DMSO-d8 at 2.50 ppmy). Peaks are reported as (8 = singlet, d = doublet,
i = triplet, g = quartet, m = multiplet or unresolved, br = broad signal, coupling constant(s} in
Hz, integration).
20 8. Protein Expression and Purification
The construct for SxHis-TEV-BRD48M was described in Filippakopoulos &t al.
{Nature (2010) 468: 1067-1073) and was & gift from Nicola Burgess-Brown (Addgens
plasmid # 38843; n2i.nel/addgena:38943; RRID:Addgene _380843). The construct for
BCLEPTE.AviTag was based off previously designed BCLS construcis used for TR-FRET
25 assays, as reported in mulliple papers including (Kerres et al., Cell Rep (2017) 20: 2860~
2875, McCoull et al., ACS Chem Biol (2018) 13: 3131-3141), and contains amino acids 5-
129 with three mutations, C8Q, C67R, C84N, that enhance stability bl have no difference
on backbone structure with the wild-type version {Slead et al., Acta Crystallographica
Section F Structural Biology and Crystallization Communications (2008) 64. 1101-1104). A
30 Trx-8xHis-HRV3IC-BCLEP™ construct without the AviTag was produced similarly for iTC
studies where the tag was cleaved by addition of HRV2C.
8. TR-FREY
Each reaction containad 100 nhd BRO4EDT 100 nM BCLABTE-Avi-Biot, 20 nM
Streptavidin-FITC (Thermo #SA1001}, and 1:400 anti-6xHis terbium antibody (Perkinkimer
35 #GTHIZTLF) in 10 ul of buffer containing 20 mM HEPES, 150 mM NaCl, 0.1% BSA, 0.1%
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NP-40, and 1 mM TCEP in a 384-well plate. Protein was incubated with drug digitally
dispensed (Tecan D300g) for 1 hour in the dark at room temperature before excitation at 337
nm and measurement of emission at 520 nm (FITC) and 480 nm (terbium) with a
PHERAstar FS plats reader (BMG Labiech). The ratio of signal at 520 nm {c 430 nmwas
caloulated and normalized to DMSO-treated conditions, and plotied.

7. isothermal Calorimetry (ITC)

Tag-cleaved version of BCLES™ and BRD4®C were used for experiments, in a VP-
ITC machine. For binary assays with TCIP1, 400 uM BCLS5™ or BRD4BY! ware titrated from
the syringe into a celf containing 40 uM TCIP1. For the binary protein-protein ITC, 330 uM
BCLEBT was tifrated into 63 uM BRD4BP! For binary assays with JQ1 or Bi3812, 100 uM
BCLEB™™ or 350 uM BRD4O! was titrated from the syringe into a cell containing 5 uM BI3g12
or 20 uM JQ1. For the ternary complex assays, 200 uM BRD4BY was incubated with 10 uM
TCIP1 in the cell (20-fold excess, to drive saturation of the binary complex), and 100 pM
BCLEB™ was tifrated from the syringe, at 310 rpm stirring at 25 “C in a buffer containing 10
mM HEPES pH 7.5, 200 mM NadCl, 5% glycerol, 1 mM TCEF, and maiched DMSO % (never
more than 0.4%}) in the syringe and the cell. The first one or two injections and outliers from
instrument noise were routinely excluded. Dala was fit to a one-site mode! using MicroCal
LLC Origin soflware.

8. Biolayer Interferometry {BLI)

The tag-clsaved version of BRD4PE! and biotinylated BCLEFTE were used for
axperiments, in a Gator Bio BLI machine. 50 uM of BRD4E was added to each well
containing titrations of TCIP1 from 5.5 nM o 12 pM so that BRD4EC would be in excess and
drive binary BRD4EPLTCIPY complex formation. 100 nM BCLB"™ was loaded on the tip.
Experiments were carried out at 25 °C. After loading, association was carried out for 300s,
dissociation for 300s, and a haseline for 30s. ATCIP1-only control was carriad out for each
concentration confirming that there was no binding between BCLE™® and TCIP1 on its own.
A BRD4FY-anly control was carried out similarly confirming that BCLEP™ and BRD4PY do
not interact on their own. Data was analyzed in GraphPad Prism with the association curves
fit {o the model "One-phase association” and the dissociation curves to the model “One-
phase decay” to obtain kinetic parameters. The Kp was oblained by fitting a “"One-siie
binding” curve to the Span of each association curve vs. concentration of drug.

8. Flow Cytometry

For annexin V assays, 500,000 cells plated at 1M/mL treated with drug for indicated
timepoints and doses were harvested on ice and washed twice in 2.5% FBS/PBS. 2.5 ul of
7-AAD and 2.5 pl. of FITC-Annexin V (Biclegend #640022) were added. Cells were
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incubated for 15 minutes at RT, then immediately measured on a BD Accuri. Gates weare
drawn based off single-stain and no-stain controls. For cell cycle and TUNEL analysis, celis
plated at 1 M/mL were treated with drug for indicated timepoints and doses and pulsed with
1 Qud ethynyl-EdU (Thermo #C10424) for 2 hours prior to harvesting onice. 1 M ceils were
counted and washed in 2.5% FBS/FBS. Cells were resuspended at 10 M/mL and fixed in 4%
PFA, washed, and permeabilized in 0.5% Triton-X100/PBS. Fixed and permeabilized cells
were washed and labeled with BrdUTP using terminal deoxynuclectidy! transferase (TdT, BD
#556408) for 60 minutes at 37 °C, rinsed, and then labeled with AlexaFluor 647-azide
{Thermo #C10424) for 30 minutes at RT in the dark. Afler washes, the sample was
incubated with 2 ul 7-AAD and 5 yl RNAseA for 30 minutes at RT in the dark, washed, and
measured on a BD Accuri. Gates were drawn based off single-stain and no-stain conirols
and kept constant across conditions.
10. BCLS Reporter Assay

KARPAS422 cells were lentivirally transduced with a construct containing the
reporter. Afler selection, cells were plated and treated with indicated amount of TCIP1 for 8
hours. Cells wers washed in 2.8% FBS/PBS, 1:250 viv of 7-AAD was added to distinguish
live from dead ceils, and harvested for flow cytometry on a BD Accuri. The GFP-positive
gate were drawn off non-transduced cells and normalized to cells treated with DMEO.
1. BCLS-BRD4 nancBRET Assay

HEK293T cells ware transfected with 1 ug of a construct with an N-terminal fusion of
HaloTag to fuli-length BCLS and 1 ug of a construct with an N-terminal fusion of nanoluc
{nano-luciferase) io full-length BRD4 (Fromeaga #N1894A). A 12-point dose-response curve
with 3 technical replicates for sach TCIP was carnied out and corrected BRET ratios were
calculated according to manufacturer assay protocol (Promega #TM439). Data was fit using
the R package drc using the four-parameter log-logistic funclion. ECse values graphed in
FIG. 268G were “left-side” ECsos as curves displayed the characteristic hook effect of a
hifunctional molecule.
12. RNA Extraction, gPCR, and Sequencing Library Preparation

Cells were plated at 1 M/mL and harvested in TRisure (Bioline #38033). RNA was
extracted using Direct-zol RNA MicroPrep columns (Zymo #R2062) treated with DNAsel.
cDNA was prepared for RT-gPCR using the SensiFAST cDNA preparation kit according to
manufacturer instructions (Bloline #55054). 1 ul. of cDNA was used per RT-gPOR reaction
preparsd with SYBR Lo-ROX (Bioline #94020). For sequencing library preparation, polyA-
containing transcripts were enriched for (NEB #£74908) and prepared into paired-end
libraries (NEB #£77608). Libraries were sequenced on an illumina NovaSseg (Novogene),
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13, Western Blois

Cells were plated at 1 M/mL and treated with drug at indicated timepoints and doses.
2 M Cells wers harvested on ice in RIPA buffer (50 mM Tris-HCI pH 8, 150 mM NaCl, 1%
NP-40, 0.1% DCC, 1% SDS, prolease inhibitor cocktail (hememade), 1 mM DTT) and 1.200
benzonase (Sigma #21014) was added and incubated for 20 minutes. After 10 minute
centrifugation at 14,000q and 4 °C, the supematant was collectsd and protein concentration
was measured by Bradford. Antibodies used for immunoblols are: BCLS (Cell Signaling
#DB5C10), BRD4 (Abcam ab243862), BCL2 (Cell Signaling 15071), TF53 (Sania Cruz DO-
1}, ©-MYC (Cell Signaling D84C12), FOXG3 (Cell Signaling 75D8), p21 (Cell Signaiing
1201), GAPDH (Santa Cruz 6C5).
14. RNA-seq Analysis

Raw reads were checked for quality using fastge
{(www.bicinformatics. babraham.ac.uk/projecisfastae/) and trimmed from adaptsrs using
cutadapt (Mardin, M., EMBnet journal (2011} 17. 10) using paramelers cutadapt -a
AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -b (SEQ 1D NO:OY)
AGATCEGAAGAGCGTCOTGTAGGGAAAGAGTGT (SEQ ID NG:02) --nextsag-tim=20 --
minimum-length 1. Transcripts were gquantified using kallisto (Bray et al., Nalure
Biotechnology (2018) 34: 525-527) against the human Gencode v33 indexed transcripiome
and annotations. Differential gens analysis was performed using DESsq2 (Love et al,
Genome Biol (2014) 15: 550) using apegim (Zhu et al., Bioinformatics (2019) 35: 2084-2082)
o shrink logoFoldChanges and pathway and enrichment analyses using Enrichr {Chen st al,,
BMC bivinformatics (2013) 14 128) and ChilP-Atlas (Zou et al,, Nuclele Acids Research
{2022). For analysis of BCLS binding at £1kb from the T8S of differentially requlated geneas,
BCLS6 peaks were reconstructed from OCILY 1 DLECL cells as deposiled in {(Hatzi et al.,, Cell
Reports (2013) 4: §78-588), using macs2 (Zhang et al,, Genome Biology (2008) 9: R137),
callpeak with a score cutoff 2100, and overlap was calculated.
18&. ChiP-seq Experiment and Library Preparation

30 million cells were treated with TCIP1 or DMEO for indicated timepoints. Cells were
washed in PBS and crosslinked for 12 minutas in CIA Fix Buffer (50 mM HEPES pH 8.0, 1
mdM EDTA, 0.8 mM EGTA, 100 mM NaCl) with addition of formaldehyde to & final
concentration of 1%. The crosslinking reaction was quenched by glycine added at 0.125 M
final concentration. Crosslinked cells were cenirifuged at 1,000 x g for 5 minuwtes. Nuclej
were prepared by 10 minute incubation of resuspended peliet in CiA NP-Rinse 1 buffer (50
mid HEPES pH 8.0, 140 mM NaCl, 1 mM EDTA, 10% glyceral, 0.5% IPEGAL CA-830,
0.25% Triton X100) followed by wash in CiA NP-Rinse 2 buffer (10 mM Tris pH 8.0, 1 mM
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EDTA, 0.5 mM EGTA, 200 mM NaCl). The peilet was resuspended in CiA Covaris Shearing
Buffer (0.1% SDS, 1 mM EDTA pH 8.0, 10 mM Tris HCI pH 8.0) with 1000x protease
inhibitors (Roche} and sonicated for 20 minutes with Covaris E220 sonicator (Peak Power
140, Duty Factor 5.0, Cycles/Burst 20C). The distribution of fragments was confirmed with
agarose gal. 300 pl. of chromatin per ChiP was used with anti-BRD4 antibodies (Cell
Signaling E2ATX). 50 ug of chromatin was used with anti-Pol ll ser 2 phos (Abcam ab5095)
and anti-Pol [l ser 5 phos (ActiveMotif 3E8) antibodies. 25 ug of chromatin was used with
anti-H3K27ac (Abcam abd4728). For each Pol Il ser 2 phos, Pol l ser 5 phos, and H3K27ac
ChiP, exactly 20 ng (for Pol i ser 2 phos and ser 5 phos) or 50 ng {for H3K27ac) Drosophila
chromatin (ActiveMotif #53083) was spiked-in with 2 L. spike-in-chromatin-specific antibody
{ActiveMolif #61686). After overnight incubation at 4 °C in IP buffer (50mM HEPES pH 7.5,
300 mM NaCl, 1 mM EDTA, 1% Triton X100, 0.1% sodium deoxycholic acid salt (DOC),
3.1% SDS), IFs were washed twice with 1P buffer, once with DOC buffer (10 mM Tris pH 8,
(.25 M LICI, 0.5% IPEGAL CA-630, 0.5% sodium deoxycholic acid salt (DOC), 1 mM EDTA),
and once with 10 mM Tris/tmiM EDTA buffer (TE) pH 8. IPs and inpuls were reverse-
crasstinked in TE/D.5% SDS/0.5 ugiul proteinase K for 55 “C/3 hours then 85 “C/18 hours,
then DNA was purified using a PCR cleanup spin column (Takara #74608). The sequencing
library preparation was performed using NEBNext Ultra |l DNA kit (#E76458). Libraries were
sequenced on an Hiumina NovaSeq (Novogene).
16. ChiP-seq Analysis

The data quality was checked using fastge. The raw reads were irimmed from
adapters with trim_galore {parameters: --paired ~illumina) and raw reads were aligned to
hg38 human genome assembly and the dmb fly genome assembly using bowtie2
{paramsters: --local --maxing 1000}, Low quality reads, duplicated reads and reads with
multiple alignmenis were removed using samtools (Li et al,, Bioinformatics (2008) 25: 2078-
2078) and Picard (broadinstitute.github.io/picard/). macs2 was used to map position of peaks
with FDR cutoff of 0.05. Bedicols (Quinian et al, Bicinformatics (2010} 26: 841-842) was
used to find consensus set of peaks by merging peaks across muitiple conditions (bediools
merge}, count number of reads in peaks (bediools intersect -¢) and generate genome
coverage (hediools genomecov -bga). deepTools (Ramirez &t al., Nucleic Acids Research
(2016) 44 W1B0-W165). was used {o generate coverage densitiss across multiple
experimental conditions {deeptools computeMatrix and deeptoals plotProfile} and to
generate bigwig files (deeptools bamCoverage), where reads mapping to ENCCDE blacklist
regions were excluded (Amemiya, Scientific Reports (2019} 8. Normalization was performed
as suggestad by manufacturer protocol (ActiveMotif #61686 and #53083) where the human-
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genome-mapped unigue reads in each ChiP were downsampled proportionat {o a
normalization factor calculated by: ) counting the unique reads in each sampile that align {o
the fly genome; ii) identifying the sample containing the least amount of mapped fly genome
reads; and i} computing the normalization factor for each sample as (reads mapping to fly
genome in sample with minimum mapped fly reads)/{reads mapping to fly genome in current
sample). This procedure was carried oul on a per-antigen basis (i.e., the H3K27ac ChiPs
were ireated separately from the Pol §f ser 2 phos ChiPs which were separate from the Poll
I ser 5 phos ChifFs). The average percentage of reads in each sample that mapped o the
fiy genome was 1.8 £1.4% (meanzs.d.}. All browser tracks and metaprofiles shown were
calculated with spike-in normalized and input-subtracted data. The peak differential analysis
and PCA analysis was performed using DESeq2%. The SRX4609168 public dataset was
used to exiract positions of BCOLS summits for FIG. 35D, Enhancers and super-enhancers
used in FIGS. 35F, 38D, and 39E were classified using the ROSE® algorithm by stitching
together H3K27ac peaks in untreated cells within 12.5 kb but excluding regions within 2 kb
of 8 TSS unless within a larger H3K27ac domain. Data from Bal et al (Nature (2022) 607:
808-815) was used fo cross-check the analysis and annotate the BCLS intronic hyper-
mutated superenhancer.
17. Mouse Tolerability and Pharmacokinetic Study

10 mog/kg of TCIP1 was injected intrapseriioneally into C57BL/6 male mice (n=3 in
treatment and n=3 in vehicle conditions) using a 25-28 gauge needie {o deliver 10 pl/g body
weight of a formulation of 1 mg/mbL TCIP1 in 5% DMS0O, 5% Tween-80, and 80% Salins.
Vehicle was the same formulation (5/5/80 DMSO/Tween-80/Szaline). The formulation was
checked to be a clear solution and after administration, the animal was put back in its cags.
For PK praperties, plasma levels were measured at 0, 5, 15, 30, 80, 120, 240, 360, and 480
mins after drug adminisiration. For tolerability work, bodyweights and observation of animal
health were recorded each day through 5 days of dosing once daily. After 5 days, tissues
were collected 8 hours after the last drug adminisiration and spiit into one part for RNA-seq,
homogenized in TRizol {(Thermo #15586026), ancther part for histology, snap-frozen, and
ancther part for measurement of drug levels where molar concentrations wers recorded with
the assumption of 1g tissue ~ TmL. FFPE biocks (on snap-frozen tissue) and H&E staining
were done by the Stanford Histology/Pathology Service Core, by Prof. Hannes Vogel, MD
and Pauline Chu
18. Data Reporting: No statistical methods were used 1o predetermine sample size.
Experiments were not randomized and investigators were not blinded.
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1. TCIP1 selectively kills DLBCL cells at low nanomelar concentrations

To design the first TCIPs, DLBCL was targeted and made use of small molecules
that bind {o the BTB (BR-C, ttk, and pab) domain of BCLS and prevent the binding of NCOR
{nuciear receptor coreprassor), BCOR (BCLE corepressarn and SMRT (silencing mediator of
retinoic acid and thyroid hormone receptor), which epigenetically suppress some BCLS
targets including pro-apopiotic, cell cycle arrest and DNA-damage response genes, such as
TPS3, by binding HDACS and Polycomb Repressive Complexes (PRC), as well as by other
repressive mechanisms (FIG. 278). Ta provide additional {ranscriptional activation of
proapoptotic genes, over simple derepression, the BTR inhibitor BI3812 was linked
covalently to the BET (bromodomain-and-extraterminal) protein family binder JQ 1, which
binds comparably 1o both bromodomains of BRD4 and slightly less potently to the
bromodomains of BRDZ and BRD3. These bromodomain proteins are involvad in
transcription and contribute a driving funclion to several tumors by facilitating MYC
activation. A series of molecules with linkers of different lengths and flexibility was
synthesizad including TCIP1 (FIG. 27C).

These molecules were tested for their effect on viability of the chemotherapy (CHOP,
or gyclophosphamide, hydroxydaunorubicin, Oneovin, and prednisone)-rasistant DLBCL cell
line, KARPAZ422. This line has bialislic inactivation of TP53 and was chosen for its high
level of expression of BCLS, and the fact that it was derived from a tumor that had become
resistant to CHOP therapy and has multiple drivers. TCIP1 rapidiy and robustly killed
KARPAS422 with an ECsp of 1.3 nM, 72 hours after addition of drug. Cell killing was
essentially complets at 72 hours (FIG. 27D).

Three other DLBCL lines with high levels of BCLS (FIG. 27D) were also rapidly and
robustly Killed by TCIP1. Adding JQ1 and BI3B12 separately or together showed 100-fold fo
1000-fold less effective cell killing (FIG. 284), excluding the possibility that TCIP1 acis by
simply delivering two inhibitors info the cell. Negalive chemical controls, Neg1 and Neg2,
were also synthesized having the same linker structure as TCIP1 but having modifications
known to mitigate binding to BRD4 or BCLS, respectively. Negt and Neg2 had greater than
100-fold less effect on cell viability compared to TCIF1, even in combination (FIG. 27D),
indicating that binding both proteins in proximity is required for effective killing. it was noted
that neither BI3812 nor JQ1 produced complete ioss of celi viability (FIG. 28A) leaving &
resistant population of celis as has been previously reporied.

A panel of 14 lymphoma and other blood cancer cell lines expressing different levels
of BCLS was tested. As expected, killing as measurad by ECsy was corrslated with BCLE
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levels and BCLS mRNA levels were predictive of sensitivity to TCIP1 (FIG. 288). Soms
DLBCL ceall lines such as OCILY 19, with no detectable level of BCLS (FIG. 28B), showed
little or no response comparead to conirols. The level of exprassion of BCOR, NCOR and
SMRT, which engage PRC and HDACs to preduce epigenstic suppression of target genes
varied among the cell lines and could also contribute to the variation in sensifivity. Protein
levels of p&3, BCLS, BRD4, and BCL2 in the cell lines were confirmed and are consistent
with previous data on their gene expression (FIG. 28C). Among the cell lines tested there
was no evidences that killing required TPS3, nor was there evidence of repression of killing by
endogenous BCLZ levels (FIG. 288). Finally, to examine the potency of TCIP1 among
diverse cancer types, an unbiased screen was carried out of the effect of TCIF1 on the
viability of 9086 cancer cell linss (PRISM®) originating from various lineages. The most
sensitive cancer cells were those that both originated from hemalopoietic and/or lymphoid
tissues and had high BCLS levels (FIG. 28D).

To test if TCIP1 derepresses BCLE-regulated gene exprassion using endogenous
levels of BCLE and BRD4, a BCLS reporter was designed from known BCLS binding sites at
promoters of cell death genes such as TR53 and CASPE, based on ChiP-seq data in DLBCL
celis, including the flanking 10 bp to capture any endogenous franscription factors co-binding
{FIG. 27E). Transduction of KARPAS422 celis with the reporter and subsequent addition of
TCIP1 revealed a dose-dependent aclivation of about 25-fold at 8 howrs, with an ECss of 5
nM, similar to the ECs, of cell viability in these same celis (FIG. 27D). Reporier activation
also featured the characteristic “hook effect,” reflecting competition among bifunctional
malecules for iimited endogenous proteins, and the controls Neg1 and Neg2 did not activate
the reporter. it was also noted that TCIF1 was >1000-fold as potent in killing DLBCL cells
comparad to degradation of BRD4 by dBET1% or degradation of BCLS by BI3802% (FIG.
27F), indicating that simple sequestration of these proteins is not the primary contribulor to
the potency of TCIP1. Taken together, the data show that TCIP1 is a potent activator of
BCLS-regulated transcription and is relatively spedific in its antiproliferative potency to BCOLS-
overexpresasing lymphoma calls.

2. Lymphoma cell killing requires formation of a ternary complex

The 1000-fold increase in patency of TCIP1 over BRD4 or BCLS degradation
suggested the formation of a gain-of-function ternary compliex between BRD4, BCLS, and
TCIP1 similar to that initially seen with FK1012. Hence, chemical rescue sxperiments were
carriad out in which increasing concentrations of either JQ1 or BI3&12 were titratad to
muttipte DLBCL cell lines, against constant concentrations of TCIP1 that kill 50 to 95% of
cells within 72 hours. Increasing concentrations of either JQ1 or BI3812 preventad death by
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TCIP1, indicating that both the BRDY4 binding side and the BCLS binding side of TCIP1 are
essential for effective killing (FIGS. 284, 29B). Examination of other DLBCL lines indicated
that rescue was most prominent in sensitive cell lines and that death of cell ines with little or
no BCLS could not be rescused (FIGS. 30A-30C). Indeed, in low-BCLG cell lines, the polency
of TCIP1 was comparable with Neg2, which contains a functional BRD4 inhibitor but an
inactivated BCLS inhibitor, suggesting that the effects of TCIP1 in lines without BCLS are
due {o simple BRD4 inhibition, but at a much higher concentration (FiGS. 30D, 30E).

To gain evidence of a directly induced proximity interaction between TCIP1, BRD4,
and BCLS, a TR-FRET assay was developed based on the proximity of the BTB domain of
BCLG labeled with FITC to bromodomain 1 of BRD4 detacted with an anti-histidine-tag,
ferbium-conjugated antibody (FIG. 29C). Formation of a ternary complex in vitro, related to
TR-FRET peak height and area under the curve, was detected using TCOIP1 as well as
multiple TCIP molscules shown in FIG. 29E. More flexible or longer linkers raduced ternary
compiex farmation and increased the conceniration required for the signal {o peak FiG.
32A). Of note was the fact that the signal shows a skewed “hook” and does not retum o
zere at high levals of TCIP1, as well as in other TC1Ps that were of similar inker structure
and potency in cells {for example see JWZ-7-8 or XFL-03-017, (FIGS. 32A, 32C, and 28E).

One reason for a broadening of the hook effect is the formation of cooperative
protein-protein interactions induced by the drug, such as a molscular giue. Hypothesizing
that TCIP1 may induce a molecular glue interaction important for polency, isothermal
calorimetry (ITC) binary and ternary titrations of TCIP1, BRD4ECY, and BCLSSTE were carried
out. Strikingly, both binary inferactions of BCLS TCIP1 BRD4TCIPT were wealk (KBROATCRI
= 5.08 pM; KpBClETCRI 1mM, (FIG. 30B), but the fernary complex affinity was
KpERRATCIPERCLE = 340 £108 nM (mean x s.d. of 3 replicates) (FIG. 28D, left). Using an
arthogonal method, bislayer interferometry (BLI), a similar affinity of KpBRD#TCPLECLS = 314 &
182 nM was oblained (FIG. 28D, right) and confirmed that there was little inferaction
between TCIP1 and BCLA5™, The published affinities of JQ1 fo BRD4 and BI3812 to BCLS
were verified using iITC and that the protein domains do not interact on their own (FIG. 32B).
BLI measurements also revealed that the {ernary complex has a slow off-rate of 26
milliseconds with a half-life of 20 seconds (FIGS. 32C-32E). Taken togsther, the data show
thatTCIP1 induces a stable, cooperative protein-profein interaction betwsen bromodomain 1
of BRD4 and the BTB domain of BCLS, that could be documented in future structural
studies.

in selecting TCIP1, a small library of related TCIPs employing different linkers (FIG.
28E) was first synthesized. TCIP1 was the most potent in cell Killing. However, the
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calculated affinity of the temary complex (340 nh by ITC) was less than the ECs, for cell
death in the most sensitive DLBCL cell lines. This disparity may reflect the fact that small
fragments of the two protsins was used for in vifro binding studies, but in the cell, there may
be a contribution of regions of the two proteins autside these fragments, such as the second
bromodomain of BRD4. To better understand the relationship between TCIP molecular
structure and celiular activity, the relationship between BCLG repoiter fransactivation in
DLBCL cells, favorable ternary complex formation in vilro by TR-FRET (FiG. 29F), and
ternary complex formation inside the call by nanoBRET, a bicluminescence-based assay
that measures proximity between full length BRD4 and BCLS inside HEK293T cslls (FIG.
28G) were analyzed, The tolal area under the TR-FRET curve was correlated with BCLS
reporter activation (FIG. 29F),; potency in celi killing among the different TCIPs also was
positively cormrelated with the tolal area under the TR-FRET curve, with TCIP1 giving the
most robust killing among those tesied (FIG. 32F). The most polent TCIPs at activaling the
BOLS reporter had the highest affinity ternary complex formation inside the cell as measured
by nanoBRET (FIG. 28G), with TCIP1 again standing out as the most poteni. From these
expsariments it was concluded that activation of BCLG-dependent genes requires an
intraceliular ternary complex of BRD4, TCIP1 and BCLS and that this {ernary complex likely
has a gain-of-funclion machanism accounting for the greatly increased potency over BRD4
or BCLS degraders (FIG. 27F).

3 TCIP1 activates apoptosis at each sfage of the call eycle

To characterize the call death observed with TCIP1, cells that have extemalized
phosphatidyisering by staining with annexin V were quantified. A dose-dependent increase
in annexin-positive cells was observed, at 10 nM TCIP1, at 24 hours (FIG. 31A). TCIP1
induced detectable apoptosis by 4-8 hours (FIG. 31B).

Cancers can evads cell killing by many chemuotherapeutics that function only during a
specific stage of the celi cycle. To investigate the cell-cycle dependsence of the apoptosis
caused by TCIP1, celf cycle analysis in concert with TUNEL staining was performed, which
measuras DNA fragmentation (FIG. 31C). The assay allows the analysis of the percentage
of apoptatic cells in each cell population: GO/G1, G2/M, and S phase cells FIG. 34). First,
the cell oycle analysis revealed that TCIP1 induced both a G1/8 and G2/M block in the cell
cycle (FIGS. 31D and 34). By then examining DNA cleavags with the TUNEL assay, cell
death was found to oceur during all phases of the cell cycle (FIG. 31E). To further examine
the mechanism of cell death by TCIP1, serum starvation was used to arrest the cell cycle in
GO/G1. Surprisingly, the celis became even more sensitive to TCIRP1 afier serum
deprivation, exhibiting an ECs of 250 pM compared to 1.1 nM without arrest (FIG. 31F).
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The finding implies that unlike many conventional chemotherapeutics, BRD4-BCLS-TCIPs
could kili cancer cells without periods of potential insensitivity. This observation is consistent
with the total loss of cell viability produced by TCIP1 compared to the inhibilors or degraders
(FI1GS. 27F and 28A) and aiso suggssts that TCIP1 produces cell death by activaling more
than a single cell death pathway.

4. TCIP1 represses MYC and its target genes while activating proapoptotic genes

Ta define the genes involved in induction of apoptosis by TCIF1, RNA-seq studies
were carried out 20 hours after adding drug at 10 or 100 nM, when apopiosis was beginning
and the critical genes were likely to be executing their function{s). Principal component
analysis indicated that repeats were highly correiated and drug conceniration determined
most of the variation within the samples (FIG. 38A). Aljust 10 nM TCIP1, 1,674 genes were
increased in expression, while 1,364 were reduced (FIG. 33A). Because a high perceniage
of the TCIP1-treated cells contain fragmented DNA by TUNEL assay at 24 hours (FIG. 31E),
many of the “reduced genes” could reflect DNA fragmentation as par of the apoplotic
process and digastion to mononucieosomes. Among the group of genes whose expression
was most reduced were MYC and iis targeis (FIGS. 33B, 36C). Ths top 100 most TCIP1-
reduced genes were examined using ChilF-seq data of human transcription factors in blood
cancer cell lines, and found the promoters of TCIP1-inhibited genes highly ensiched for MYC
binding in muitiple datasets (FIG. 33C). This is significant since many DLBCLs are
considered to be MYC-dependent. Examination of MYC protein levels upon TCIP1 addition
showed that MYC levels wers reduced starting at less than 1 nM TCIP1 and within 2 hours
of drug addition (FIGS. 33D, 33F). The chemical controls Neg1 and Neg2, containing a
functional BCLE or BRD4 inhibifor, respectively, did not affect MYC levels at comparable
concentrations (FIG. 33E). BET/BRD4 inhibitors such as JG1 are known o reduce
axpression of MYC®2, but at much highar levels of drug (500 nM) than TCIP1. Taken
together, the data indicate that the repression seen could not be due to TCIP1 acting as a
BRD4 inhibitor alone or synergistically with the BCLS inhibitor BI3812. Hence, the dala
suppoerts a gain-of-function for the ternary complex formed by TCIP1.

Genes activatad by TCIP1 were enriched for known BCLE targets which are normally
repressed by BCLE (FIGS. 33A, 38D, and 36E). For example, COKNTA (p21) increased by
about 84-fold, while FOX03 and PMAIPT/NOXA, pro-apoptotic genes in lymphocyles, were
also induced. Along with the p53 and apoptosis pathways, TCIP1 also induces the TNFa
pathway (FIG. 36D). Signaling via NF-kB is known to be repraessed by BCLS. Gene
expression changes at 100 nM TCIP1 echosd those at 10 nM, but increased in magnitude
(FIGS. 368, 36C). These changes in mRNA levels were paralieled by dose- and time-
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dependent changes in protein exprassion of known BCLS {argets in two different DLBCL celi
lines, SUDHLS and KARPAS422, and no effect of the chemical controls Neg1 and Neg2 at
comparable drug concentrations (FIGS. 33D, 33E). For example, p21, which is normailly
negatively reguiated by BCOLS, is induced by low nanomolar concenirations of TCIP1 FiG.
33Dy, Of particular interest is the observation that FOX03 is activated by 0.5 nM TCIP1
(FIG. 33D) and within two howrs by 10 nM TCIP1 (FIG. 33F). The activation of FOXO3 also
displayad a hook effect (FIG. 33D, characteristic of a termnary complex, as seen in the BCLS
reporter activation (FIG. 27E). FOXQO3 is a master pro-apoptotic gene with a BCLS binding
site at its promoter, it is often activated downstream of TPS3. However, TRPES, anocther
known BCLS target often upstream of p21 and other pro-apoptotic genes, is biallelically
inactivated in KARPAS422 and several of the other CHOP-resistant DLBCL thatl are robustly
killed by TCIP1 (FIGS. 28B, 28C). These studies indicate that TCIP1 can effectively rewire
the transcriptional circuitry of DLBCLs such that cell killing is produced by a pathway that
normally represses apoptosis.

Finally, to clarify the role of ternary complex formation for the gene expression and
protein level changes observed, binding of TCIP1 to BCLS was blocked by titrating the
BCLEB™® inhibitor BI3812 against a constant 10 nM TCIP1 (FIG. 33G). Titration of BI3812
reversad p21 uprequlation, FOXO3 upregulation, and MYC downregulation (FIG. 33G). The
resulls indicate that both activation of these BCLS targets and repression of MYC are
mediated by the formation of a ternary complex between BRD4, TCIP1, and BCLS, and
support the evidence in FIGS, 20A-29G that the aclive biclogical entity is the temary
complex. The potency of TCIF1 relative o BRD4 and BCLS degraders (FIGS. 27A-27F) also
supporis a gain-of-function for the TCIP1 ternary complex.

&, identification of direct targets of TCIP1 by short timepoint RNA- and ChiP-seg

To identify direct targsls of TCIP1, a shorl time-courss RNA-~-seq was carried oul with
10 nM TCIP1 in KARPAS422 cells for 1 hour, 2 hours, and 4 hours along with negative
controls (FIGS. 35A, 35B). A selective set of only 140 genes, including weli-characterized
BCLS-repressed targeis such as the apoptotic regulators BCL2L 11/BIM, FOX03S, and BCLE,
were aclivated at 2 hours and likely represent direct franscriptional targets of TCIP1 (FIG.
35A). This indicates that multiple cell death pathways are activated consistent with the abiiity
of TCIFP1 to induce cell death throughout the cell cycle (FIGS. 31A-31F). Almost all
differential genes were increasingly activated at 4 hours compared o negligible effects of the
control molecules Negt and Neg2 (FIG. 358). Consistent with protein Kinstic data (FIG.
33F), TNFa signaling and p53 pathways bagan to be upreguiated at 1 and 2 hours, but MYC
targets only began to be repressed af 4 hours (FIG. 38C) while MYC protein was reduced at
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2 hours (FIG. 33F). Although a number of genes showed reducad exprassion in TCIP1-
treated cells at the early 1 and 2 hours timepoints, in contrast to the upregulated genes they
wers not statistically significantly enriched for any particular biological pathway (FIG. 38C)
and could represent general stress from the onset of DNA fragmentation. Analysis of BCLS
binding data using published BCLS ChiP-saq in the DLBCL line OCILY 1 at the promoters of
genes upregulated at 1, 2, and 4 hours showed that 53%, §7%, and 55% respectively of
them had BCLS enriched within 1 kilobase of their ranscription start site (TSS). Further
anahysis using ChiP-seq data of human transcription factors in blood cancer cell fines,
reveaied that the promoters of these TCiP1-activated genes were statistically significantly
enriched for BCLS binding in multiple datassts (FIG. 35C). These studies indicate that TCIP1
specificaily activates BCLG-target genes.

ChiP-seq studies of BRD4 after 1 hour of drug addition revealed that TCIP1
produced a consistent, modest ~1.5-fold increase in BRD4 recruiiment {0 BOLS sites over
the gename {FIG. 350). This was surprising bacause TCIP1 rapidly and robustly activated
many genes normally repressed by BCLE. This observation could indicate that TCIF1 needs
to recruit only small amounis of BRD4 to produce activation of BCLS targets, and/or that the
two other BET proteins exprassed in these celis, BRD2 and BRD3, also mediate its effects.
BRD4 and other BET proteins have previously been implicated largely in franscriptional
elongation, padicularly in mediating P-TEF/CDKS activation of RNA Polymerasa Il (Pol i)
elongation activity by phosphorylation of serine 2 of the C-terminal domain (CTD) of Pol i
{Pot Il ser 2 phos). The major other CTD modification of Pol I} is serine 5 phosphorylation
{Pol I ser § phos), which marks paused polymerase ready to iniliate transcription. These
serines are actively phosphorylated and dephosphorylated during the oycle of transcription.
To closely examine the consequences of TCIP1 addition on transcription, shott timepoint
ChiP-seq experiments were carried oul with antibodies specific to Pol Il ser 2 phos
{slongation) and Pol i ser 5 phos {(paused) after 10 nM TCIP1 addition for 15 mins, 1 hour, 2
hours, and 4 hours. In parallel acelylation of lysing 27 on histone M3 (H3K27ac) was
examined, a mark associated with active enhancers and promoters. These studies were all
carried out with a known amount of Drosophila chromatin spiked-in to the ChiP, {o allow for
consistent normalization and accurate quantification of absolute changes genome-wide.

i was found that just 15 minutes of drug addition increased Pol i ser 2
phosphorylation, further increasing over 1, 2, and 4 hours, reflecting immediate
transcriptional elongation, at weli-characterized BCLS target proapoptotic genes including
PMAIPTINGXA, FOXO03, BCL2LT1/BifM, and BCLG itself (FIGS. 35k, 35G, 35H, 38A, and
388). Effects at downreguiated genes were similar to those at unchanged genes and could
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reflect background or a stress response (FIG. 358E top row), given that downregulated
genes at this 2 hours timepoint appeared to be a coliection of various genes that were not
significantly enriched for any particular biclogical pathway and may be related to DNA
fragmentation (FIG. 38C). Accompanying this immediate elongation effect was a loss of Pol
5 U ser 5 phos, reflscting paused polymerase, at both upreguiated and downregulated genes
as well as in unchanged genes (FIG. 35E, middle row). This loss is buth in the spike-in
normalized {(metaprofiles shown) as well as “reads in peaks® (i.e., relative log exprassion or
“RLE") normalized ChiP-seq data (volcano plots in FIG. 38C). Again, the changes at
downregulated genes wers similar to that at unchanged genes (FIGS. 35E, 38G). it was

10 further ascertained that BRD4 increases at the promoters of upreguiated genes selectively,
~150% after just 1 hour of TCIP1 addition (FIG. 35F, top row), consistent with iis increase at
BCLS binding sites genome-wide (FIG. 35D). The loss of paused polymerase could reflect a
redistribution effect and/or a switch from pausing o productive elongation, especially at
TCiP1-upregulated ganes.

15 To examine the consequences at regulatory regions, as BCLS also reguiates
enhancer reprassion, active enhancers and supar-enhancers in the DLBCL cell line,
KARPAS422, was mapped using H3K27ac ChiF-seq data. The concurrent decrease of
BRD4 from active enhancers, and supar-enhancers whers there is a 20X higher cumulative
ioad of BRDM4 is only ~10% (FiG. 35F, bottom row; genome track of OCA-B super-enhancer

20 in FIG. 38E). Also, there were negligible changes in H3K27ac genome-wide: after 2 hours,
only 126 peaks increased while 70 peaks decreased (log:FoldChange 20.5, p.<0.05) out of
51,678 total consensus peaks reconstrucied (FIGS. 39A, 38C). Statlistically significant
changes in H3K27ac at gene promoters of upregulated or downrequlaied genes or
unchanged genes was aiso not observed (FIG. 35E). This is consistent with the genetic

25 studies of Melnick and colleagues, that point to a competition model underlying repression.
Taken together, the data supports a model whereby TCIP1 borrows a fraction of the total
BRDM4, recruits it to BCLE binding sites and BCLG-regulated genes, and rapidly activales
transcriptional elongation and the expression of these target genes.

8. TCIP rewires the BOLE negative feedback pathway to a positive feedback loop

30 BCLE is overexpressed in several cancers either through mutation or other means,
apparently to protect the cancer cell from programmed cell death induced by TP53 and other
pathways inhibited by BCLE. BCLS expression is subject {0 negative autoregulation that
originates from BCLS binding sites in the 1 intron of the BCLS gene, which are ofien delsied
or mutated in DLBCL, providing protection from celi death. The TCIPs that were designed

35 and synthesized should convert this negative fesdback pathway to a positive feedback
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pathway, by replacing the epigenetic repression that BCLS provides with transcriptional
activation by BRD4. To determine if this prediction is correct, BCLE mRNA levels after
treatment with TCIP1 were examined and it was found that within 1-2 hours of 10 nM TCIP1
addition, the long isoform of BCLE is upregulated ai the expense of ils shorl isoform, dus to
5 transcription of and alterative splicing of exon 7 in the BOLS gene (FIGS. 351 35J).
Analysis of protein levels of BCLG after TCIP1 addition showed that BCLS proiein was
significantly increased in a dose-dependent manner, also showing a hook effect in two
different DLBCL cell lines (FIG. 35K). Simuitaneous addition of 2 nanomolar CDKS inhibitor,
NVPZ, to biock elongation of transcription, prevented upregulation of BCLS protein levels
10 (FIG. 35L). The chemical controls Neg1 and Neg2 also did not affect BCLE (FIG. 404). The
kinetics of BCLS induction were similar in two saparate TCIP1-sensitive DLBCL cell lings
(SUDHLS and KARPAS422) (FIG. 40C); in addition, BRD4 protein levels did not change
substantially (FIG. 408). Because the primary {ranscript of BCLS is 24 kilobassas and RNA
polymerase H moves at 2-3 kilobases per minute, i could be transcribed, spliced and
15 iransialed in 80 to 74 minutes. it was therefore hypothesized that transcription of the
autoregulated long form of BOLS must start almost immediately afier addition of TCIP1.
indeed, in the ChiP-seq data, it was observed that elongation of polymerase measured by
Pol i ser 2 phos starts to increase, at exon-intron junclions, at just 15 minutes, and
continues {o spread through the gene body at 1, 2, and 4 hours after 10 nM TCIP1 addition
20 {FiG. 35H). BRD4 density increases modestly by 1 hour at the known intronic BCLS binding
site and super-enhancer that is also hypermutated in patient DLBCL tumors. Finally, as in
FIG. 336, io clarify the role of ternary complex farmation for the BCLS upreguiation
observed, the BCLAE inhibitor BI3812 was fifrated against a constant 10 nM TCIP1 and
could reverse the upregulation of BCLS observed (FIG. 35M). The data indicale that BCLS is
25 itself a direct target of TCIP1. Thus, TCIPs can rewire a reprassive negative feedback
pathway into a positive feedback pathway, amplifying the potency of the molecule in killing
cancer cells (model in FIG. 400).
7. TCIP1 appears {0 be relatively non-toxic in primary human cells and mice
Cell death by TCiPs requires the coincident expression of both targets and hence,
30 therapeutic effects might be more precisely fargeied io the cancer cell rather than normal
cells. BCLS mutant mice die of a complex inflammatory reaction that has been elegantly
dissected to specific regions of the profein. Because TCIP operates at a concentration that
would occupy only a fraction of the tolal BCLS molecules (uniike a degrader or inhibitor), the
potential toxicity of TCIP1 to mice was examined. The tolerability, pharmacokinetic
35 properties, and targef engagement of TCIF1 in wild-type C57BL/S mice was evailuated,
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freated for 5 days with 10 mg/kg TCIP1 once daily by intraperitoneal injection. After
treatment, mouse tissue was harvested for RNA-seq and histology. TCIP1 induced dramatic
transcriptomic changes in the spleen (2,785 genes upregulated, 2,471 genes
downregulated) compared {o the liver and lung (255 and 301 genes upregulated, 167 and

5 204 genes downregulated, respectively), despite comparable tissue concentrations of drug
(FIGS. 37A, 378). Serum concentrations afler 8 hours wers ~100 {o 400-fold higher than
therapeutic doses (FIG. 37C). Notable genes upreguiated in DLBCL cells, such as FOXO3,
CORKNTA, or HEXIM1, were also upreguiated in the spleen as well as other kKnown BCLS
targets in lymphocytes (FIG. 37D), suggesting engagement of BOLG targe! genes. Despite

10 the large transeriptomic changes in the spleen, TCIP1 was weli-tolerated with no adverse
effacts noticed and no significant changes in mouse body weight (FIG. 37E). H&E staining
and examination (by H.V.} also did not reveal noticeable abnormalities such as inflammatory
infiltrates or apoptotic cells (FIG. 37F). primary human cells inciuding fibroblasts and
ivmphocytes (FIGS. 37G, 37H) were further examined. T and B lymphocytes are particularly

15 germane because they have among the highest levels of BCLS. While there is killing of both
fibroblasts (ECso ~ 470 nh) and lymphocytes (ECso ~ 210 nM) by TCIP1 (FIGS. 37G, 37H),
the levels required are at least 200-fold higher than that required for killing of DLBCL
overexpressing BCLS, suggesting the existence of a substantial therapeutic window. The
data supports the celiular evidance that TCIP1 acls in 2 context- and tissue-specific manner

20 dependent on coincident expression of BRD4 and BCLS.

8. Generality of the TCIP strategy

The generality and predictability of the TCIP approach was explored by designing
and synthesizing a series of molecules predicted to borrow the transcriptional activity of
astrogen hormone receptor profein to activate derepressed BOLS target genes and produce

25 cell death (FIG. 371). The synthetic estrogen, estrone, was used for these siudies, which
has somewhat lower affinity for the estrogen recepior (ER} than natural estradiol (FIG. 37J).
Several of the ER-BCLS TCIPs, such as TCIP2 (FIG. 37J), showed strong anti-proliferative
activity with an ECse of 355 nM (FIG. 37K). As predicted, killing was most robust in DLBCL
lines such as KARPAS422 having higher expression of both ER and BCLS (FIG. 37K).

30 interesiingly, several ER-positive human breast cancer cells with low levels of BCLS showed
enhanced proliferation and survival, indicating that the estrone was active and that TCIPs
are not intrinsically toxic in cells lacking BCLS (FIG. 37L). In contrast, triple negative breast
cancer cell lines with neither detectable BCLS nor ER were not affected by the ER-BCLS
TCIP2 (FiG. 37L). These studies show that other transcriptional activators could be
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predictably hijacked or rewired to facilitate transcription of proapoptotic genes in DLBCL cells
with high ER levels.

FIGE, 27A-27F depict production of Transcriptional Chemical Inducers of Proximity
{TCIPs). FIG. 27A: An endogsnous larget gene is aclivated or repressed using a bifunctional
molecule binding one endogenous transcription factor or epigenetic regulator on one side
chemically linked to a moiety that binds a second transcription factor binding the regulatory
region of a target gene which might induce production of a therapseutic gene. FIG. 278 A
specific TCIP that recruits a transcriptional activator (BRD4) or cancer driver to the BCLS
repressor on cell death genes, thereby derepressing transcription and inducing transcription
driven by BCLS. FIG. 27C: Chemical structures of the most potent BCLE/BRD4 TCIP,
TCIP1, and negative controls Neg1 (ERD4 non-binding) and Nag2 (BCLS non-binding). FIG.
270 TCIP1 effect on ceil vighility of the CHOP-resistant, TR53-mutant diffuse large B-cell
iymphoma cell {(DLBCL) line, KARPAS422, as well as 3 other DLBCL cell lines with high
levels of BCLS. n=4 biological repeals, meanzs.d. FIG. 27E: Design and activation of a
BCLS reporter with TCIP1 in KARPAS422 cells at 8hours after drug addition. n=4 biological
repeats, meants.d. FIG. 27F: Comparison of TCIP1 effect on cell viability to effect of BRD4
ar BCLS degraders (n=3 fechnical repeats, meants. d). Viability curves in FIG. 27D and FIG.
27F are after 72 hours drug treatment.

FIGS. 28A-28D depicts potency of TCIP1 in cancer cell lines and correlation with
BCLS level. FiG. 28A: Comparison of TCIP1 effect on cell viability to effect of nagative
controls Negt and Neg?2, or single-sided molecules JQ1 and BI3812, or the additive effect of
SJQIRIB81Z. Mean + s.d., 72 hours drug ireatment. FIG. 28B: TCIP1 ECs of cell vigbility is
anti-correlated with BCLS content across 14 different cancer cell lines, n=3 biclogical
repeats, meanks.d., 72 hours drug realment. FIG. 28C: Unbiased screen of the effect of
TCIP1 on the viability of 906 barcoded cancer cell lines (PRISM). Drug was dosed for 120
hours in triplicate (Methods). FIG. 28D: Measurement of P53 or BCLZ status of DLBCL cell
lines ranked from left {o right from high o low-BCLS profein content.

FIGS. 28A-28G demonstrate that TCIP1 functions by inducing terary complex
formation. FIG. 284 Competitive titration of BI3812 against TCIP1. TCIP1 was added at
concentrations from 2-84 nM that killed 980% of SUDHLS DLBCL cells at the same time as
addition of the indicated concentrations of BI3812. n=3 biological repeats, meanzs.d., 72
hours drug treatment. FIG. 288 Competitive titration of JQ1 against TCIP1. n=3 biclogical
repeats, meanes.d. FIG. 28C: TR-FRET assay to measure molecule-dependent lernary
complex farmation between BRD4BD1 and BCLBBTR. Plotted are a representative set of
TCIFs that were the most potent (in cell viability assays) within each category of linker
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structure. TCIP1 had the highest potency of all designed molecules. n=2 independent
repeats with different batches of protein with n=3 technical repeats each, meanis.e. FIG.
280 Analysis of cooperative binding induced by TCIP1 and BRD4BD 1 and BCLEBTB
damains. Representative temary compiex KD measurement by isothermal calorimetry (TC)
5 shown, for binary measuremeants see FIG. 30D, n=3 independeant repeals, meanzsd ITC
parameters shown with 20:1 BRD4BD 1. TCIP1 in the celi and titration of BCLGBTB. For
biolayer interferometry (BLD) measurements were with S0uM excess BRD4BD1 in the well,
nanomeoiar titrations of TCIF1, and biotinylated BCLEBTS on the tip, n=2 independent
repeats, meants.d. FIG. 28E: Multiple BRD4-BOLS TCIPs synthesized with different linkers

10 o test structure-activity relationship. FIG. 28F. Effect of favorable in vifro ternary compiex
formation {represenied by TR-FRET Area Under Curve) on transcriptional activation of BCLS
reporter in DLBCL cells. FIG. 29G: Effect of favorable intracellular ternary complex formation
{representad by nanoBRET EC50) on franscriptional activation of BCLS reporter in DLBCL
cells.

15 FIGS. 30A-30E depict rescue of TCIP1-induced cell death by competitive titration of
BCLS inhibitors. FIG. 30A: Rescue of TCIP1-induced cell death across cancer call lines that
are highly sensitive {o TCIP1, FiG. 30R: moderately sensitive, or FIG. 30C: not at all
sensitive. n=3 biological repeats, meanzs.d. FIG. 30D Comparison of JQ1, TCIP1, and
Neg2, which contains a functional BRD4 inhibitor but very low-affinity BCLS binder (Ko~ 10

20 M) in FIG. 30E: cell lines that have low or no BCLS. n=3 biclogical repeats, meanss.d.
Viability curves in FIG. 30A, FiG. 30B, FIG. 30C, and FIG. 30E are after 72 hours drug
treatment.

FIGE, 31A-31F demonstrate that TCIP1 induces apoptosis at every stage of the cell
eycle. FIG. 31A: Dose-dependent induction of apoptosis at 24 hours by TCIP1 as measured

25 by AnnexinV-positive cells (n=4 biological repeats (8 for DMSO), meants.d.). FIG, 318:
Kinstics of TCIP1-induced apoptosis in KARPAS422 cells (n=3 biological repeats for 10 nM,
2 for 100 nM). FIG. 31C: Design of assay to measure cell cycle progression simuitaneously
with apopiosis using Terminal deoxynucleotidy! fransferase dUTP nick end labeling (TUNEL)
staining. FIG. 31D: TCIP1 induction of cell cycle arrest compared to controls, representative

30 of n=2 biclogical repeats. FIG. 31E: 100nM TCIP1 induction of apoplosis as measured by
DNA fragmentation at each stage of the cell cycle (n=2 biological repeats, meants.d. ™
ps0.05; ** ps0.01; per phass, two-way ANOVA followed by Fishers LSD test on each
sample per time point compared only to DMSO, with Dunnet’s muliiple hypothesis
correction). FiG. 31F: Measurement of cell viability after cell cycle arrest in GO/G1 by serum

35 starvation in KARPASB422Z cells and TCIP1 addition (n=3 biolegical repeats, meanis.d.).
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FIGS. 32A-32F depict biochamical studies of termary complex binding affinities of
TCIPs. FiG. 32A: Ternary complex formation by TCIPs with related chemistries. TCIP1 and
Neg1 and Neg?2 controls are plotied on every graph. n=3 repeats, meanzs.e. FIG. 328:
isothermal calorimetry experiments to measure binary affinities of TCIP1 to BRE4 (BD13,
BCLS (BTB), and associated controls. Represeniative data from n=2 shown. FIG. 32C:
Representative biolayer interferomelry measurements (BLI of temary compisex kinetics from
n=2 repeats shown with biotinylated BCLS (BTR) on the tip and excess BRDA4 in the well with
titration of TCIPT. FIG. 32D Offrate and FIG. 32E: half-life of TCIP1 calculated from BLI
measurements. FIG. 32F: Area under curve of TR-FRET corrglates with potency of TCIPs
on cell death (KARPAS422 celis, viability at 72hours). Representative celiular ECqs labeled.

FIGS. 33A-33G demonstrate that TCIP1 represses MYC and #is targets while
activating pro-apopictic genes. FIG. 33A: Gene activation {median change: 4-fold up) and
reprassion after 10 nM TCIF1 addition in KARPAS422 cells for 20hours, with well-known
BCLS targets iabeled. Significance cutoffs were p.$0.05 and [log:(Drug/DMSQO)zT), n=2
biclogical repeats. FIG. 338: Downregulated genes are significantly enriched for MYC
targets (MSigDB Hallmark Pathways). FIG. 33C: Analysis of transcriplion factor binding at
the top downregulated genes in over 4,500 public franscription factor ChiP-seq datasels
from blood-lineage cells. FIG. 33D: Dose-dependent changes in protein levels of target
genes selecied from the RNA-seq resuits in two separate DLBCL celi lines, KARPAS422
and SUDHLS. FIG. 33E: Negligible effect of nagative confrols Neg1 and NegZ on protein
lavels of TCIP1 fargets. FIG. 33F: Kinetics of protein changes in MYC, COKN1A/p21, and
FOXO3 in DLBCL cell lings afler 10 nM TCIP1 freatment. FIG 33G: Rescue of p21 and
FOXOS upregulation, and MYC downregulation, by compeditive titration of the BTB binder
BI3812 against constant 10nM TCIP1 for 8hours.

FIG. 34 depicis 100 nM TCIP1 addition at 24hours and simultaneous measurament
of cell cycle block and apoptosis in KARPAS422 cells, two separaie experiments on different
passages of celis shown. Gates were set based on no-siain conirols.

FIGS. 35A-35M depict rapid activation of BCLS-target genes by recruitment of BRD4.
FIG. 35A: Gene expression changes by RNA-seq after 10 nh TCIP1 addition for 2hours in
KARPAS422 cells, with well-known BCLS targsts labeled. Significance cutoffs were pag<0.05
and |log{Drug/DMBQO){20.5, n=3 biological repeats. FIG. 358: Time-dependent changes in
gene expression after 1,2, and 4hours 10 nM TCIP1 compared to Neg1 and Neg2. COniy
significant gene expression changes are shown. FIG. 35C: Enrichment analysis of promoters
of genes at Zhours for transcription factor peaks in over 4,500 public transcription factor
ChiP-seq datasets in dlood cancer cells. FIG. 350 BRD4 ChiP-seq peaks in KARPAS422
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cells at BCLE summits after 1 hour 100 nM TCIP1 addition. FIG. 35E: Time-dependent
analysis by ChiP-seq of the average density of Pol §i ser 2 phos (elongating), Polli ser d
phos (paused/initiating}, and H3K27ac (mark of active transcription) along gene hodies £3kb
after 10 nM TCIP1 addition for the indicated timepoints, al TCIP1-upregulated, TCIP1-
downregulated, and unchanged genes identified by the 2 hours 10 nM TCIP1 RNA-seqg in
FIG. 35A. Metaprofiles are averaged from spike-in normalized data. FIG. 38F: BRD4
average density at upreguiated and downregulated genes, as in FIG. 35K, as wellas at
anhancers and super-enhancers identified by H3K27ac peaks and the ROSE algorithm
{Methods). Shading in FIG. 35E and FIG. 35F represents standard error. FIG. 35G: Genome
browser track of Pol Il ser 2, Pol i ser 5, M3K27ac, and BRD4 at each time point of 10 n
TCIP1 addition at known the BCLS target and TCIP1-upregulaied proapoptotic gene
PMAIPTINOXA. FIG. 35H: Genome browser track of Pol Il ser 2 (elongating) and BRD4 at
the BCLS locus with the BCLS transcripts specific to each isoform shown, and the known
BOLS intronic binding site that also contains a super-enhancer (SE) highlighted. Al tracks in
FIG. 356G and FIG. 35H are spike-in normalized and input-subtracted. FIG. 351 BCLS
isoform structure. FIG. 35J: mRNA levels measured by RT-gPCR of the long and shor
isoforms of BCLE, with primers specific to exon-exon junctions unique {o each isoform
{shown by arrows in FIG. 350). n=3 biological repeats, meants.d. Statistical significance
calcuiated by Students’ t-Test, two-tailed, unpaired, * p<0.08; **: p<g0.01. FIG. 38K:
induction of the long isoform of BCLS protein starting at 0.5 fo 1 nM TCIP1. FIG. 351
Simultansous treatment of 10 nM TCIP1 and 100 nM CDKS inhibitor NVP2 to block
transcriptional elongation and measurement of BCLE protein isoforms. FIG. 35M: Reversal
of BCLS upregulation by competitive titration of the BTB binder BI3812 against constant
10nM TCIPT.

FIGS. 38A-36E depict robust and dose-dependent gene regulation by TCIP1. FIG.
36A: Principal component analysis of RNA-seq data afier addition of TCIP1 for 20hours in 2
hiological replicates of KARPAS422 cells. FIG. 36B: Gene expression changes after addition
of 100 nM TCIP1 for 20hours in KARPAS422 celis. Significance culoffs were pa=0.05 and
l0g=(Drug/DMSBQO)21), n=2 biolagical repeats. FIG. 36C: Dose-dapendent change in gene
expression. FIG. 36D: Enrichment analysis of upregulated genas (MSigDB Hallmark
Pathways). FIG. 36E: Analysis of TF binding at the {op upreguialed genes in over 4,500
pubiic franscription factor ChiP-seq datasets from hicod-lineage cells.

FIGE, 37A-37L depict toxicity of TCIP1 in mice and primary human celis and
generalization to ER-positive cancers. FIG. 37A: Tissue-speacific transcriptomic effects of
TCIF1, treated at 10 mg/kg IFP q.d. for & days. n=3 mice each for tregtment and vehicle. Only

B
o
~f
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significant gene expression changsas are shown. FIG. 37B: Quantification of transcriptome
changes in the liver, lung, and spleen and assoclated accumulated tissue concentrations of
TCIP1. FIG. 37C: Pharmacokinetic paramsiers of TCIP1. FIG. 37D: Comparison of key gens
targets upregulated by TCIP1 in both cultured DLBCL celis (KARPAS422 a.k.a KP422) and
5 inthe Spleen. FIG. 37E: Body weight of freated mice. No adverse effects or behavioral

abnormalilies were noliced. FiG. 37F: H&E staining of lung and spleen from representaiive
yehicle and drug-treated mice; scale bar: 50 um in lung images, 100 ym in spleen images.
FiG. 37G: Effect of TCIP1 on cell viability of primary human tonsillar ymphocoytes, FIG. 37H:
Effect of TCIP1 on cell viability of primary fibroblasts. n=3 biclogical repeats, meanzs.d. FIG.

10 371 ER-BCLS TCIP2 designed to induce cell death in estrogen-positive, BCLE-over-
expressing DLBCLs, FIG. 37J. Chemical structure of TCIP2. FIG. 37K Effect on cell viability
of TCIPZ compared conircls: estrone, BI3812 (BCLEP™ inhibifor), and BI3802 (BCLS
degradan in KARPAS422 cells with high ERB (ESR2) levels, n=3 biological repeals,
meants.d. FiG. 37L: Msasuremeant of selective effect on cell viability by TCIP2Z in DLBCL

15 celis with coincident overexprassion of ER and BCLS (KARPAS422) compared o primary
human iymphocytes, a triple-negative breast cancer cell line (H8578T), and ER-driven but
BCL8-low breast cancer cells (HCC1428). n=3 biological repeats, meants.d. Viability curves
in FIG. 376G, FIG. 37H, FIG. 37K, and FIG. 3701 are afier 72 hours drug treatment.

FIGS. 38A-38C depict specific activation of gene exprassion by TCIP1 but not related

20 controls. FIG. 38A: Gene exprassion changes after 1 hour or 4hours addition of 10 nM
TCIP1 in KARPAS422 cells. Zhours was shown in FIG. 35A. Significancs cutoffs were
P=qis0.05 and [log{Drug/DMSO)20.5), n=3 bivlogical repeats. FIG. 38B: Specific effects of
TCIP1 across transcriptome. For Neg1t and Neg2, n=2 biolegical repeats. For TCIP1, n=3
biological repeats. FIG. 38C: Enrichment analysis of upregulated and downregulated genes

25 (MSigDB Hallmark Pathways).

FIGE. 32A-38D depict ChiP-seq analyses of BRD4, H3K27ac, and RNA Pol il in
response (o TCIP1. FIG. 39A: PCA plots of each ChiP-seqg experiment al indicated
timepoints of 10 nM TCIP1 addition: Ohr (DMSQ), 15 minutes, 1 hour, 2 hours, and 4 hours.
FIG. 38B: Browser tracks of Pol Hl ser 2 phos, Pol i ser 5 phos, H3K27ac, and BRD4 at

30 BCLe-arget genes and TCIP1-upregulated genes FOX03 and BCL2L11/8BIM. Alltracks are
spike-in normalized and input-subtracted. FIG. 38C: Volcano plots of Pol I ser 2 phos, Polt i
ser § phos, and H3K27ac after Zhours 10 nM TCIP1 addition. Peaks were classified as
differential after reads in peaks-based RLE normalization and cutoffs p,q<0.08 and
{0g(Drug/DMS0)0.5. FIG. 380! Enhancer and super-enhancer classification in

35 KARPAS422 ceils based on H3K27ac ChiP-seq and the ROSE algorithm (Methoeds). FIG.



10

20

30

35

WO 2023/215311 PCT/US2023/020719

38E: BRD4 and H3K27ac ChiP-seq track at the known OCA-B super-enhancer after TCIP1
addition for indicated timepoints.

FIGE. 40A-40 depict conversion of BOLE aulo-inhibitory pathway to feedforward loop.
FIG. 404 Control Negt and Neg2 effect on BCLS protein levels at 20hours treaiment in
KARPASAZ2 cells. FiG. 408: Effect on BRD4 levels at 20hours treatment with TCIP1 in
KARPAS422 cells. FIG. 40C: Kinetics of BCLS upregulation in two separaie DLBCL cell
lines, KARPAS422 and SUDHLS, after addition of 10 nM TCIP1. FIG. 40D Model for
conversion of BCLS auto-inhibitory circuit to a positive feedback loop.

HiR

Both functional and structural studies have shown that the exquisite specificity of
transcriptional cutcomes is based upon combinatorial interaclions. TCIPs are designed to
use this fundamental mechanism requiring coincident expression of both reguilators {o
modulate exprassion of therapeutic genes such as celf death genss. in this way, TCIPs can
theoretically make use of the vast combinatorial interactions among iranscription factors to
produce highly selective patiems of therapeutic use whils reducing off-target effects.

Existing approaches to targeted cancer chemotherapy rely upon inhibiting or
degrading a protein or praventing its synthesis by RNAI or CRISPR{). These approaches
require complete or near complete removal of the driver function. However, TCIPs rewire
thase drivers {o cell death pathways, and only use a fraction of the total driver molscules per
cell. This asseition is supporied by the fact that 10 nM TCIP1 produces only a ~1.5-fold
increase in BRD4 at BCLDS sites over the genome (FIG. 35D) and less than 10% loss at
enhancers, despite robust gene activation and cell killing. it is noted that other BET proteins
of homology to BRDM, such as BRD2 and BRDS, could also have affinity to TCIP1, although
the global inhibition of transcription that others have seen when degrading or inhibiting the
BET proteins was not observed with TCIP1. This mechanism could also explain the far more
robust cell killing seen with substantially lower concentrations of TCIF1 when compared to
the weaker anti-proliferative effects of conventional small molecule inhibitors or degraders of
BCLG or BET protains, which act by “occupancy-driven” pharmacology requiring binding fo
almost all copies of their cognate protein. The effective use of TCIP1 at nanomolar
concentrations also likely limits off-larget events. As a consequence, TCIPs may avoid
mechanism-based toxicity in off target fissues that almost ingvitably occurs when one
reduces the sxpression or activity of an essential profein, like BRD4.

Genomic studies demonstrate that cancers often have more than a single driver that
may independently contribute to proliferation, survival, invasion, and metastasis and thereby
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complicate therapeutic approaches. By making use of the cancer cell’s own inirinsic driving
pathways and rewiring them to activate pathways of cell death, this example introduces an
approach to cancer chemotherapy that is analogous o a dominani, gain-of-function mutation
in genetics. The TCIP strategy aiso can engage genomic information specific to the tumor
and #s stage of development. in conventional chemotherapy multiple drivers are a distinet
disadvaniage and can produce resisiance to single agents. in contrast, the dominant gain-
of-function produced by TCIPs could allow the killing of cancer cells with any number of
independeant drivers, provided the identification of a chemical binder (not necessarily
inhibitor} to that driving protein. The experiments developing TCIPs rely only on
endogenous transcription factors and epigenetic modifiers with their intrinsic biologic
specificity.

EMBODIMENTS

Notwithstanding the appended ambodiments, the disclosure is also defined by the
following embodiments:

BRD4 Ligand Embodiments
1 A compound of formula |
BR-L-BC (1
wherein:
BR is a ligand that specifically binds to bromodomain-containing protein 4 (BRD4);
BC is a ligand that specifically binds to B-cell lymphoma 6 (B8CL-8) {or a homologue
thereof); and
L is a linker,
or a pharmaceutically accepiable salf thersof.
2. The compound according to Embodiment 1, wherein BR is of formula A

Ra
X O
R

N
=N R-g Rg
B Y
®
( 5};} (;A}
whergin:
1 is an integer from 0 1o 12;

m is an integer from O to 5;

pis an integer from 0 {0 §;
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Als a 5-8 membered cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted
heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heteroarylalkyl, and
substituted hateroarylalkyi;

B is a 3-12 membered cycloalkyl, substituted cycloalkyl, heterocycloatkyl, substituted
heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heteroaryialkyl, and
substituied heleroarylalkyl;

WisC, N Qorg;

Xis oxygen or sulfur, or: R? and X are taken together with their infervening atoms to
form an optionally substituted 5-8 memberad cycloalkyl, substituled cycloatkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heteroarylalikyl, and substifuted heteroarylalkyt;

Y is & covalent bond, alkyl, substituted alkyl, alkenyl, substituted aikenyl, alkynyl,
substituted alkynyl, or a substituted bivalent C(1-8) hydrocarbon chain wherein one or more
methylene units is optionally replaced by -NR'-, -N{RYC(O)-, -CIOINR |, -N{R1SCs-, -
SONR)- , -O-, -C(O)-, -OC{Q)-, -C{OYO-, -8-, -80- or -850y~

Zis -CHz, -NH, -0- or -8-

==ss f@presents a single or double bond;

e Feprasents a bond {o the linker;

sach of Ry, R, Rs, Ry and Ry is independently selected from hydrogen, halogen,
hydroxyl, alkoxyl, cyano, alkyl, substituted alkyl, aikenyl, substituted alkenyl, atkynyl,
substituted alkynyl, aryl, substituted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyl,
substituted alkoxycarbonyi, aminoacyl, substituled aminoacy!, amino, substituted amino,
acylamino, substituted acylamino, thiol, substituted thiol, sulfoxide, substituted sulfoxide,
sulfone, substituted sulfons, sulfoximine and substituted sulfoximine.

3. The compound according to Embodiment 2, wherein R® and X are taken togethar
with their intervening atoms fo form a heteroaryl ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur.

4. The compound according to any one of Embodiments 1-3, wherein Ais a 5
membered fused heteroaryl ring having 2-3 hetercatoms independently selected from
nitrogen, oxygen, or sulfur, or a 8-membered fused heteroany! ring having 2-3 nitrogen
atoms.

5. The compound according o any one of Embodiments 1-4, wherein Bis a 3-7
meambered saturated or partially unsaturated carbocyclic ring, phanyl, an 8-10 membered
hicyclic saturated, partially unsaturated, or aryl ring, a 4-7 membered saturated or partially
unsaturated heterocydlic ring having 1-2 heteroatoms independently selected from nitrogen,
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oxygen, and sulfur, & 5-6 membered monocyclic heteroaryi ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and suifur, a 7-10 membered bicyclic
saturated or partially unsaturated heterocyclic ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, and sulfur, or an 8-10 membered bicyclic heteroaryl ring
5 having 1-4 heteroatoms indepsndently selected from nitrogen, oxygen, and sulfur.
8. The compound according to any one of Embodiments 1-5, wherein each one of Ry
and Rz is independently selected from hydrogen, halogen, optionally substituted C(1-8)
aliphatic, -OR, -8R, -CN, -N(RY2, -C{O}R, -C(BIR, -CO:R, -C{OIN(R)z, -C{OISR, -
COICIOIR, -C{OICHC{OIR, -C(SIN(R )2, -C{S}OR, -S{OIR, -SU:R, ~-SON(R);, -

10 NRCOIR, -NRICIOINRY2, -NRHCEINR Y2, -NRISO:R, -NERISONERD, -NRINR ),
SNRICENEDINR),, ~C=NN(R)2, -C=NOR, ~-CENRYNR)z, -OC{OIR, -OCOINR),, or -
{CHa)R* wherein g is (-3 and R¥ is halogen, optionally substituted C(1-6} aliphatic, -OR, -
3R, -CN, -N{R2, -C{OIR, -C(SIR, -COR, ~-CLOIN(R )z, -C{OISR, -CIOYCOIR, -
C{OYCHCOIR, -CEINR), -C(SIOR, -S{O)R, -BO:R, -8CN{R})2, -NRYC{OIR, -

15 NERHCOINR )2, -NRICEINR )2, -NRISOR, -NRISON{R ), -NROINR )z, -
NERICENRNNR Yz, -C=NNR);,, -C=NOR, -CENRMINR),, -OCOR or -OC{OIN(R )2
7. The compound according to any one of Embodiments 1-8, wherein each of R* and R®
is independently -R, halogen, -OR, -8R, -N{R}y, -CN, -NOQ;, -C{O)R, -C(S)R, -0OR, -
C{OIN(R )2, -CO}BR, -COICOIR, -C{O)ICHLC(OIR, -C{SIN(R )2, -C(SYOR, -S{(O)R, -SO2R,

20 -SONERY:, -NRICOIR, -NRGCIOINR )z, -NEROCEINR Yz, -NRISOR, -NRISONER):,
SNRINR Yz, -N{RICENRDNER):, ~-Ca2NN{R),, -C=NOR, -CENRGN(R,, -OCOIR, or -
QC{ONERY2.

3. The compound according to any one of Embodiments 1-7, wherein Ais pyrimidinog,
pyrazino, or pyridazino.

25 9 The compound according o any one of Embodiments 1-7, wherein Als a &
memberad fused heteroaryl ring having 2 heteroatoms independently selected from nitrogen,
oxygen, or suffur.

10, The compound according to Embodiment ©, wherein A is isothiazolo.
11 The compound accarding to any one of Embodiments 1-10, wherein B is phenyl.

30 12 The compound according to any one of Embodiments 1-11, wherein Ring Bis a 56
membered monocyclic heteroaryl ring having 1-3 hetercatoms independently selecied from
nitragen, oxygen, and suifur.

13. The compound according to any one of Embodiments 1-12, wherein Y is a covalent
bond.
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14. The compound according to any one of Embodiments 1-13, wherein R® and X are
taken fogether with their intervening atoms 1o form an optionally substituted triazolyl ring.

15. The compound according to any one of Embodiments 1-14, wherein BR is of formula

AT
Rge_2,
;{ p Xy O
3 F s
(R4)m?f\A E (A
=N RyR,
Qé ey
~
5 (Rsky (A1)
wherein:
XiyisfromC, N, Qor§;
XzisfromC, N, Oor g
Xy is Cor N;
10 ==== [apresents a single or double bond; and

Rs is hydrogen, halogen, hydroxyl, alkoxyl, eyano, alkyl, substifuted alkyl, alkenyi,
substifuted alkenyl, alkynyl, substituted alikynyl, aryl, substituted aryl, acyl, substituted acyl,
carboxyl, alkoxycarbonyi, substituted atkoxycarbonyl, aminocacyl, substituted aminoacyt,
aming, substituted amino, acylaminoe, substituted acylamino, thiol, substituted thiol, suifoxide,

15 substituted sulfoxide, suifone, substituted sulfone, sulfoximine or substituled sulfoximine.
18. The compound according to Emboediment 15, wherein:

KrisNor Q;

Xz is N, and

KzisCor N

20 17, The compound according to Embodiment 15, wherein:

Xyis N;

X2is N; and

Ksis N.

18. The compound according to Embodiment 15, wherein:
25 X1is O

Xz i5 N; and

K3is C.

18. The compound accarding to any one of Embodiments 15-18, wherain Re is hydrogen
or a C{1-8) alkyl.

30 20, The compound according o Embodiment 19, wherein Rg is selected from masthyl,
ethyl, n-propyl, isopropyl, n-butvl, iso-butyi or teri-butyl.
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22.

23.

The compound according to Embodiment 20, whersin Rg is msthyl,

PCT/US2023/020719

The compound according to any one of Embodiments 1-21, wherein:

nis an integer from 1-4; and

each of Ry and R; are independently selected from hydrogen and a C{1-6) alkyl.

The compound according fo Embodiment 22, wherein gach of Ry and Rz are

independently selecied from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or teri-buiyl.

24.

The compound according to any one of Embodiments 1-23, wherein:

nis1; and
sach of Ry and R are hydrogen.

The compound according to any one of Embodiments 1-14, wherain BR is of formula

whearein:

XpisfromC N OCor S,
XoisfromC, N, O or §;
XsisCor N,
XeisfromCH2, NH, O or §;

each of Re, Ry and Rs is independently selected from hydrogen, halogen, hydroxy),

alkoxyl, cyano, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted

alkynyt, aryl, substifuted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyi, substituted

alkoxycarbonyi, aminoacyl, substituted aminoacyl, aming, substituled amino, acylamino,

substituled acylaminog, thicl, substituted thiol, sulfoxide, substituted suifoxide, sulfone,

substiiuted sulfone, sulfoximine or substituted sulfoximine.

28,
27.

28.

The compound according o Embodiment 25, wherein X4 is S,

The compound according 1o any one of Embodiments 25-26, wherein:

XrisNorQ;
X2 s N; and
XsisCor N

The compound according to any one of Embodiments 25-26, whersain:
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Xiis N;
Xz is N; and
Xz is N.

PCT/US2023/020719

249 The compound according to any one of Embodiments 25-28, wherein sach of Re, Ry

and Ry is independently selected from hydrogen or a C(1-6) alkyl.

30. The compound according to Embodiment 29, wherein each of Rs, Ry and Rs is

independently selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl.

31. The compound according to Embodiment 30, wherein gach of R, Ryand Re is

methyl.

32. The compound according to any one of Embodiments 25-31, wherein ====

represents a double bond.

33,  The compound according 1o any one of Embodiments 1-14, wherein BR is of formuia

IAZ:

wherein:

Xyisfrom G, N, CorG;
XoisfromC, N, Qor§;
X5 is Cor N,

(IA3)

each of Re, Ry, Rs, Rg and Ryo is independently selected from hydrogen, halogen,

hydroxyl, alkoxyl, cyano, alkyl, substituted alkyl, alkenyl, substituted alkenyl, atkynyl,

subsiituted alkynyl, aryl, substituied aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyl,

substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl, amino, substituted aming,

aeyviamino, substituied acylamino, thiol, substituted thiol, suifoxide, substituted suifoxide,

sulfone, substituted sulfone, sulfoximine or substituted sulfoximine.

34. The compound according to Embodiment 33, wherein:

XiisNorQ;
Xz is N; and
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38.

36.

37.

XsisCor N

The compound according to Embodiment 33, wherein:
Xyis N;

KXo is N; and

Ksia N,

The compound according to Embodiment 33, wherein:
Xy is O

Xois N; and

X3is C.

The compound according to any one of Embodiments 33-36, whersain each of Rg, Ry,

Rs, Rg and Ry is independently selected from hydrogen or a C(1-8) alkyl

38.

The compound according 1o any one of Embodiment 37, wherein Re is selected from

meathyl, ethvl, n-propyl, isopropyl, n-butyl, iso-butyl or fert-butyl.

38
40,

The compound according to Embodiment 38, whersin Rs is mathyl,
The compound according to any one of Embodiments 37-38, wherein each of Rs, Rs

Rq and Rio is hydrogen.

41.

The compound according to any one of Embodiments 33-40, wherein:

CRs ==== X, reprasents a double bond; and

CX === X reprasents a single bond.

The compound according to any one of Embodiments 1-14, wherain BR is of formula

WR“
R12"’§\/’i\
Ry
Ria (1Ad)
whearein:
nis an integer from 0 o 12;

m is an integer from 0 to 5;

XiisfromC N Cor§;

KXoisfromC, N, Qor§;

Xzis Cor N

==mm fEPFESENts a singie or double bond;
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e represents a bond to the linker; and

each of Ry, Ry, Ry, Rs, Ry, Riyp, Ruz, Rz and Rys Is independently selected from
hydrogen, halogen, hydroxyl, alkoxyl, cyana, alkyl, substituted alkyil, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, acyl, substituted acyl, carboxyl,

5 alkoxycarbonyl, substifuted alkoxycarbonyl, aminoacyl, substituted aminoacyl, amine,
substituted amino, acylamino, substiiuted acylamino, thiol, substituted thiol, sulfoxide,
substituted sulfoxide, suifone, substituted sulfone, sulfoximine or substituted sulfoximine.
43, The compound according to Embodiment 42, wherein:

XyisNor O
10 X2 i8N and
XsisCor N
44, The compound according to Embodiment 42, wherein:
Xqi8 N;
Xz is N; and
15 Ksis N,
45, The compound according to Embodiment 42, wherein:
Xy is O;
Xois N and
X;is C.
20 48 The compound according to any one of Embodiments 42-45, whersain R is hydrogsen
or a C{1-8) alkyl.
47, The compound accarding fo Embodiment 48, wherein Re is selected from methyl,
ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl.
48. The compound according to Embaodiment 47, wherein Rs is methyl
25 48 The compound according o any one of Embodiments 42-48, wherein each one of
Ry, Raz, Riz, Riz and Rys is indspendently selected from hydrogen, halogen or a C{1-6)
alkyl.
50. The compound according to Embodiment 49, wherein:
gach one of Ry, Riz, Ry and Rys is independently selected from hydrogen or a C{1-
30 6) alkyl, and
Ry3 is halogen.
51. The compound according fo Embodiment 50, wherein each one of Ry, Ry, R and
Rys is hydrogen.
52. The compound according to any one of Embodiments 50-51, wherein Ry is selectad
35 from fluorine, chiorine, broming and iodine.

59
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&3. The compound according to Embodiment 52, wherein Ry; is chiorine.
54, The compound according to any one of Embodiments 1-53, wherein BR is selected

from:

wherein represents a bond {o the linker.

55 The compound according to Embodiment 1, wherein BR is of formula 1A5:

(1A8)

wherein -

represents a bond {o the linker.

10 &6 The compound according to Embodiment 1, wherein BR is selected from:

o= OH o !—QH
) \/(\Q/k (\% s
\‘ N

7 3 "
W . <’, N .
N. > Sl — N\\
N N

or
wharein «—~~~ represents a bond o the linker.
57. The compound according to Embodiment 1, wherein BR is selected from:

B3
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A Jj
bS . Y\Lﬁ

wherein -~~~ represents a bond {o the linker.
58. The compound according to Embodiment 1, wherein BR is selected from:

B3
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59. The compound according to any one of Embodiments 1-58, wherein BC is of formula
iB:

o (18

wherein:

D is selected from a bond, alkyl, amide, ester, carbamats, acyl, substifuted acyl,
carboxyl, alkoxycarbonyl, substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl,
amine, substituted amino, acylamine and substituted acylamino;

E is -CH or nitrogen;

G is nitrogen or CRys, wherein Ry; is selected from the group consisting of hydrogen,
~C{1-4} alkyl, —~0O—C(1-14) alkyl, —O—C{1-4) haloalkyl, —C(1-4) haloalkyl and halogen;

Jis -CH or nitrogen;

M is -CH or nitrogen;

Kis~CHa, O, S or -NH;

e rapresents a bond to the finker; and

gach of Rig, Ri7, Rus, Rig, Rz, Rzt Raz is independently selected from hydrogen,
halogen, hydroxyl, atkoxyl, cyano, alkyl, substituted alkyl, atkenyl, substiiuted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl, acyl, substituted acyl, carboxyl,
alkoxycarbonyl, substituted alkoxycarbonyl, amincacyt, subsiituted amincacyl, aming,
substituted amino, acvlamine, substituted acylamino, thiol, substituted thiol, sulfoxide,
substituted sulfoxide, suifone, substituted sulfons, sulfoximing or substituted sulfoximine.
6840, The compound according to Embodiment 59, wherein D is a C(1-8) alkyl.

61, The compound according to Embodiment 58, wherein D is an amide.

B82. The compound according to any one of Embodiments 58-61, wherein E is nitrogen.
83, The compound according o any one of Embodiments 58-681, wherein £ is -CH.

64, The compound according to any one of Embodiments 58-63, wherein Re is
hydrogen.

65, The compound according to any one of Embodiments 58-83, wherein Ryy is halogen.
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88. The compound according to Embaodiment 85, wherein Ry is chiorine, fluorine,
bromine or iodine.

67. The compound according to £88, wherein Ry7 is chiorine.

68. The compound according to any one of Embodiments 58-67, wherein Rz is
hydrogen, —C(1-4) alkyl, —0—C(1-4) alkyl and halogen.

69. The compound according to any one of Embodiments 58-88, or a sali thereof,
wherein G is CRu and Rusis selected from the group consisting of hydrogen, C(1-4) alkyl, —
Q—C({1-4} alkyl, —O-—C(1-4) haloalkyl, and halogen.

70.  The compound according to Embodiment 89, or a salt thereof, wherein Rasis
selected from the group consisting of hydrogen, —Q—CHs.

71. The compound according to Embodiment 70, wherein Ras s —0—CHs.

72.  The compound according o any one of Embodiments 58-71, wherein Ry is selected
from the group consisting of hydrogen, —C{1-8) alkyl optionally substituted with one group
selected from —QOH, —NHg, —0—Caalkyl, ~NH—C{1-4) alkyl, —N{Cq..alkylo, —C{3-6}
cycloalkyl and 4 to 7 membered heterocyclyl, wherein each cycloalkyl and heterocyelyl group
is opticnally and independently substituted by one group selscted from —C(1-3} alkyl or Rz
is —C{3-8) cycloalkyl, 4 to 7 membered helerocyelyl, wherein each group is optionally
substituted by one group selected from —C(1-3) alkyl.

73. The compound according to any one of Embodiments 58-72, or 2 sall thereof,
wherain Ry is selected from the group consisting of —C{1-4) alkyl, optionally substifuted
with one group selected from —OH, —C{3-8) cycloalkyl and —N{C.salkyl)a.

74, The compound according to Embodiment 73, or a salt thereof, wherein Ry is
selected from the group consisting of —CHs;, —CHCHa, —CH2CHCHs, —CH(CHs)2, —
{CHZ}sCOH, —{(CHz)2{CHs)z, —CHz-cyciopropy! and —(CHz2N{CHs)e.

75, The compound according io Embaodiment 74, wherein Rz is hydrogen or a C{1-6)
alkyl.

78. The compound according to Embodiment 75, wherein Ry s selecled from methyl,
athyl, n-propy!, isopropyl, n-butyl, iso-butyl or tert-butyl.

77. The compound according fo Embodiment 78, wherein Ry is methyl.

78. The compound according to any one of Embodiments 59-77, wherein Ry is
hydrogen.

78, The compound according 1o any one of Embodiments 58-78, wherein Ry is -Ly-
C(R24Rzs)—Rzg OF =-CH=CH-—Ras wherein Ly 8 -0 o1 8- Ro4 i8 hydrogen or C{1-4)
alkyl; Rosis hydrogen or C{1-4) alkyl or R4 and Rastaken together form a —C(3-5}
cycloalkyl, Rag i8 —COOH, —CONHo, —C{O)Rz7, —C(O)0ORy, —C(OINRy7R2s, —S(0)—C1.
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s@ltkyl, —8{Cy—C{1-8) alkyl, —P{O)—{C.salkyl}z, —C(NH)NH:, Rz7is 8 3-6 membered
heterocyelyl or —C(1-4) alkyl optionally substituted by one or more, identical or different
groups sslected from —OH, —CFj, —N{C.aalkyl)2, —C(3-8) cycloalkyl, 3-8 membered
heteroeyelyl, —C(2-4) alkenyl, —Coualkynyl; and Ragis hydrogen or C{1-4) alkyl.

80. The compound according to Embodiment 72, wherein Ru is selected from the group
consisting of.

$ 3 H 8
O O O~ Q.
1 1 L X
o g HO YO HON0 HO T o
E
$ 8 8 $
QIY\“ Sl O\\: O\/
N ) | s
HO™ S0 O™ Yo H?f&\@ i So
H $ 3 §
X By 1 B
HNT G HNTO HNT o HEEE 0
| | | P
3 3 § 4
B e 1 pe )
HN™ 70 N0 SN NS0
) | i HO_ /!
4 3 : H
By 1 BY L
N “NTYo . 070 o0
O HO LN AN
CFa
3 3 H
O O X O
| ~
Qko o} C}LO Ho™ S0 g
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5 6 é
~
o X
B~ B HNTTSO
/
§
h
HN Y0
81. The compound according to Embodiment 80, wherein Ry is:

82. The compound according to any one of Embodiments 59-81, wherein BC is of
Formuia IB1:
NN

PN _/'\l\N PN

™~
3 G G (iB1)
83. The compound according to any one of Embodiments 58-81, whersin BC is of

Formula IB2:

Y
PNPSE W
i AN
O H

AN N

o O (B2

10 84.  The compound according to any one of Embodiments 59-81, wherain BC is of

N
J‘*‘frr

Formula iIB3:
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NN
N\

o Y

N
~
{

o (183)
85. The compound according to any one of Embodiments 58-81, wherein BC is of
Formula IB4:
3
H
N
o (B4

86. The compound according to any one of Embodiments 1-58, wherein BC is of formula

B85

10 Rt 0 (%)

wherein:

D is sslected from a bond, alkyl, amids, sster, carbamate, acyl, substituted acyl,
carboxyl, alkoxycarbonyi, substituted alkoxycarbony!, aminoacyl, substituted aminoacyl,
aming, substituted amino, acylamino and substituted acylamino;

15 £ is -CH or nitrogen,

G is nitrogen or CRz, whersin Ry is selected from the group consisting of hydrogen,
~(1-4} alkyt, —0-—C{1-14) alkyl, —O—C{1-4} haloalkyl, —C{1-4) haloalkyl and halogen;

Jis -CH or nitrogen;
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M is ~CH or nitrogen;

G is -CH or nitrogen;

Kis-CHa, O, S or NH;

e FEpresents a bond to the linker; and

each of Rqg, Ry7, Ryg, Rig, Ry and Ry is independently selectad from hydrogen,
halogen, hydroxyl, alkoxyl, cyano, alkyl, subistituted alkyl, alkenyl, substituled alkenyl,
alkynyt, substituted alkynyl, aryl, substifuted aryl, acyl, substituled acyl, carboxyl,
alkoxycarbonyl, substituted alkoxycarbonyl, aminoacyl, substituted aminocacyl, amine,
substituled amino, acylamino, substiiuted acylamino, thiol, substituled thiol, sulfoxide,
substituted sulfoxide, suifone, substituted sulfone, sulfoximine or substituted sulfoximine.
87. The compound according to Embadiment 88, wherein D is a C{1-8} alkyl.
88.  The compound according to Embodiment 88, wherein D is an amide.
88, The compound according to any one of Embodiments 86-88, whersain E is nitrogen.
S0, The compound according to any one of Embodiments 86-88, wherein E is -CH.
31. The compound according o any one of Embodiments 88-20, wherein Ry is
hydrogsn.
92. The compound according to any one of Embodiments 88-91, whersin Ry is halogen.
23. The compound according o Embaodiment 92, wherein Ryy is chiorine, fluorine,
bromine or ioding.
94. The compound according to Embodiment 82, wharein Ry is chioring.
5. The compound according to any ons of Embodiments 88-84, wherein Rz is
hydrogen, —C(1-4) alkyl, —~0—C(1-4} alkyl and halogen.
86, The compound according to any one of Embodiments 86-95, or a salt thereof,
wherein G is CRaz and Rosis selected from the group consisting of hydrogen, C(1-4) alkyl, —
Q—C(1-4) alkyl, —O—C{1-4) haloalkyl, and halogen.
g7. The compound according to Embodiment 86, or a salt thereof, wherein Rxis
selected from the group consisting of hydrogen, —O—CH3.
28, The compound according to Embodiment 97, wherein Raz i8 —0—CH;.
98, The compound according {o any one of Embodiments 86-98, wherein Rz is seiscted
from the group consisting of hydrogen, —C{1-8) alkyl optionally substituted with one group
selected from —OH, —NH;z, =—0O-—Calkyl, —NH-—C{1-4) alkyl, —N{Ci.salkyl), —C{3-6)
sycloalkyl and 4 to 7 membered heterocyclyl, wherein each cycloalkyl and heterocyclyl group
is optionally and independently substituted by one group selscted from —C{1-3) alkyl or Rz,
is —C{3-8) cycloalkyl, 4 to 7 membered hetercoyclyl, wherein sach group is optionally
substituted by one group selected from —C(1-3) atkyl.

3086



WO 2023/215311 PCT/US2023/020719

100, The compound according to any one of Embodiments 86-89, or a salt thereof,
wherein Ry is selecled from the group consisting of —C(1-4) alkyl, optionally substituted
with one group selected from —OH, —C{(3-8) cycloalkyl and —N({C1.salkyl)s.
131, The compound according to Embodiment 100, or a salt thereof, wherein Ry is
5 selected from the group consisting of —CHs, —CHaCH3, —~CHCHCHa, ~—CH{CHz)a, —
{CH2)aOH, —{CHz)2(CHa)z, —CHa-cyclopropy! and —{CHa)aN{CHs)a.
%\

102.  The compound according to Embodiment 100, wherein Ry is ~  OH
133, The compound according to any one of Embodiments 88-102, wherein Ry is
hydrogen or a C(1-6) alkyl.

16 104,  The compound according fo Embodiment 103, wherein Ry is selected from methyl,
ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or teri-butyl.
105, The compound according to Embaodiment 104, wherein Ry is methyl,

108.  The compound according {o any one of Embodiments 88-105, wherein BC is of

o
/L{} i

NTTRTTNH

", N :
A

=

formula 186:

O
\
HO
15 (1B6)
e FEpresents a bond to the linker.
107.  The compound according to any one of Embodiments 1-58, wherein BC is of formula
iB7:
Has
i E Ry
TA\M K
w,, L E RWW/L Ryg
> S z E m h\j,}
G \T’ }F
N F
Ray” \;rﬁ\c}
Q {IB7)
20 whersin:
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D is sslecied from a bond, alkyl, amide, ester, carbamale, acyl, substituted acyl,
carboxyl, alkoxycarbonyi, substituted alkoxycarbonyl, aminoacyl, substituted aminoacyl,
aming, substituted amino, acylamino and substituted acylamino;

£ is -CH or nitragen;

5 G is nitrogen or CRz, wherein Ros is selected from the group consisting of hydrogen,
—C(1-4} aliyl, —O-—C(1-14) alkyl, —O—C{1-4} haloalkyl, —C{1-4) haloaikyl and halogen,

Jis -CH or nitrogen;

M is -CH or nitrogen;

Kis-CHa, ©, 8 or NH;

10 e fEprEsents a bond to the linker; and

each of Rs, Ri7, Riz, Ryg and Ry is independently salscted from hydrogen, halogen,
hydroxyi, alkoxyl, cyano, atkyi, substituted alkyl, alkenyi, substituted alkenyl, alkynyi,
substituted alkynyt, anyl, substituted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyl,
substifuted alkoxycarbonyl, amincacyl, substituted aminoacyl, amino, substituted amino,

15 acylamino, substituled acylaming, thiol, substituted thiol, sulfoxide, subsiifuied suifoxide,
sulfone, substiluted sulfone, sulfoximine or substituted sulfoximine.
108.  The compound according to Embodiment 107, wherein D is a C(1-6) alkyl.
108, The compound according {o Embodiment 107, wherein D is an amide.
110,  The compound according {o any one of Embodiments 107-109, wherein E s
20 nitrogen.
111, The compound according to any one of Embodiments 107-109, wherein E is -CH.
112, The compound according io any one of Embodiments 107-111, wherein Rig is
hydrogen.
113.  The compound according to any one of Embodiments 107-112, wherein Ryz is
25 halogen.
114.  The compound according to Embodiment 113, wherein Ry is chioring, flucrine,
broming or ioding.

115, The compound according to Embodiment 114, wherein Ry is chlorine.

30 116, The compound according to any one of Embodiments 107-115, wherein Ryg is
hydrogen, —C(1-4) alkyl, —0—C(1-4) alkyl and halogen.
117, The compound according to any one of Embodiments 107-1186, or a salt thereof,
whersin G is CRys and Razis selectsd from the group consisting of hydrogen, C({1-4) alkyl, —
O—C(1-4) atkyl, —O—C(1-4) haloalkyl, and halogen.
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118,  The compound according to Embodiment 117, or a salt thereof, wherein Rxis
selected from the group consisting of hydrogen, —O—CHa.

118. The compound according to Embodiment 118, wherein Ry is —-0-—CHa.

120, The compound according to any one of Embodiments 107-119, wherein Raq is
selected from the group consisting of hydrogen, —C{1-8) alkyl optionally substituted with
one group sslgcted from —OH, —NH3, —0—C1.alkyl, —NH-—C{1-4} alkyl, —N{C.salkyl)z,
— (3-8} cycloalkyl and 4 10 7 membered helerocyelyl, wherein each cycloalkyt and
heterocyelyl group is optionally and independently substituted by one group selectad from —
C(1-3) alkyt or Ry is —C(3-8) cycloalkyl, 4 to 7 membered heterocyclyl, wherein each group
is optionally substituted by one group selected from —C{1-3) alkyl.

121, The compound according to any one of Embodiments 107-120, or a salf thereof,
wherein Ry is selected from the group consisting of —C(1-4) alkyl, optionally substituled
with one group selected from —OH, —C{3-8) cycloalkyl and —N(C..atkyls.

122.  The compound according to Embodiment 121, or a salt thereof, wherein Ry is
selected from the group consisting of —CHs, —CHCHs, —CHCHCHa, —CH{CHz), —
{CH2)aOH, —{CH2)2(CHa)z, —CHz-cyciopropy! and —{CHa)aN{CHs)a.

123, The compound according to Embaodiment 122, wherein Ry is hydrogen or a C(1-68)
atkyl.

124,  The compound according to Embodiment 122, wherein Ry is selected from methyl,
ethyl, n-propyl, isopropyl, n-butyl, iso-butyl or tert-butyl.

125.  The compound according to Embodiment 124, wherein Ra¢ is methyl

126.  The compound according io any one of Embodiments 107-125, wherein BC is of

formula 1B8:

whergin -~~~ repressants a bond 1o the linker.
127.  The compound according 1o any one of Embodiments 1-58, wherein BC is of formula
BG
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wherein:

D is selected from a bond, alkyl, amide, ester, carbamate, acyi, substifuted acyl,
carboxyl, alkexycarbony!, substituted alkoxycarbony!, aminoacyl, substituted aminoacyl,
amine, substituted amino, acylamino and substituted acylamino;

E is -CH or nitrogen;

Jis -CH or nitrogen;

M is -CH or nitrogen;

K is -CHp, O, S or NH;

e represents a bond to the linker; and

each of Ryg, Ry7, Rig, Rig and Ry is independently selected from hydrogen, halogen,
hydroxyl, alkoxyl, cyano, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
subsiituted alkynyl, aryl, substituted aryl, acyl, substituted acyl, carboxyl, alkoxycarbonyi,
substituted alkoxycarbonyl, aminoacyl, substituled aminoacy!, amino, substituted aming,
acylamino, substituled acylamino, thiol, substituted thiol, sulfoxide, substituted sulfoxide,
sulfone, substiiuted suifone, sulfoximine or substituted sulfoximins.

128.  The compound according (o Embodiment 127, wherein D is a C(1-8} alkyl.
129, The compound according io Embodiment 127, wherein D is an amide.

130.  The compound according to any one of Embodiments 127-129, wherein E is
nitrogen.

131, The compound according io any one of Embodiments 127-122, wherein E is -CH.
132, The compound according {o any one of Embodiments 127-131, wherein Rig is
hydrogen.

133, The compound according to any ons of Embodiments 127-132, wherein Ry7 s
halogen.

134,  The compound according to Embodiment 133, wherein Ry7 is chiorineg, fluonine,
bBromine or jodine.

135.  The compound according io Embodiment 134, wherein Ryy is chiorine.
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138.  The compound according to any one of Embodiments 127-138, wherein Ry is
hydrogen, —C(1-4) alkyl, —0O—C(1-4) alkyl and halogen.
137.  The compound according to any one of Embodiments 127-138, wherein Rz is
selected from the group consisting of hydrogen, —C(1-6) alkyl optionally substituled with

5 one group selected from —OQH, —NH,, —O—Cyalkyl, ~NH—C{1-4) alkyl, —N{Cr.aalkyls,
—C(3-6} cycloalkyl and 4 {o ¥ membered helerocyclyl, wherein each cycloalkyl and
heterocyclyl group is optionally and independently substiluted by one group selected from —
C{1-3) alkyl or Royis —C{3-8) cycloalkyl, 4 to 7 membered haterocyclyl, wherein each group
is optionally substituted by one group selecied from —C(1-3} atkyl.

10 138, The compound according to any one of Embodiments 126-1386, or a salt thereof,
wherein Rai is selected from the group consisting of —C{1-4) alkyl, optionally substituted
with one group selected from —OH, —C{(3-6) cycioalkyl and —N(Cr.qalkyil.

138,  The compound according to Embodiment 138, or a sal theraof, wherein Ry is
selected from the group consisting of —CHs, —CHCHa, —CHCHCHa, —CH(CHa)a, —

15 {CHHOH, —(CHo)2(CHa)o, —CHo-cyciopropy! and —{Ch2)aN{CHz)s.

140.  The compound according to Embodimeant 138, wherein Ry is hydrogen or 8 C{1-6)
alkyl.

141, The compound according io Embodiment 140, wherein Rz is selected from methyl,
ethyl, n-propyl, isoprapyl, n-butyl, iso-butyl or terf-butyl.

20 142, The compound according to Embodiment 141, wherein Ry is methyl,

143.  The compound according to any one of Embodiments 128-142, wherein BC is of

formula 1B10:
N
I//\N’J\\‘N'ﬁ\NH
“"“q’“\)a &
. ; i
(8] Q\__/O/jl

G (IB1D)
wherein «~n represents a bond to the linker,
25 144,  The compound according io any one of Embodiments 1-143, wherein the linker
comprises a C{1-16) alkyl chain.
145, The compound according to any one of Embodiments 1-143, wherein the linker
comprises a C{1-18) alkyl chain, whersin one or more of the methylens groups is replaced
by NH ar CHa-N.
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146. The compound according to any one of Embodiments 1-143, wherein the linker
comprises a C{1-16) alkoxy chain.
147.  The compound according to any one of Embodiments 1-143, wherein the linker
comprises a C(1-16) alkoxy chain, wherein one or more of the methylene groups is replaced
by NH or CHa-N.
148.  The compound according to any one of Embodiments 1-143, wherein the linker
comprises a L*-Cyclo-L2, Li-HeteroCyclo-L2, L-Ar-L2 or L-Hel-L? where L'and 2 canbe a
hond, alkenyl, alkynyl, alkynyloxy, alkenyioxy, alkoxy, or alky! chain, wherein:

cyclo is a C(3-8) cycloalkyl or substituied C(3-8) cycloalkyl;

heterocycio is a C(3-8) heferocycloalkyi or substituted C{3-8) heterocycloalkyl;

Aris an aryl group or substituted aryl group; and

Hat is a heteroaryl group or substituted heleroaryl group.
148.  The compound according to any one of Embodiments 144-148, whersain the linker is
selected from:

AL e o D~
n R L(/\)\/O\L)J\ =
p
o H i
N N
W \};W 45\ W \E} «;’f/n
0 o b
2 {‘ng‘i N ’O‘Vi
nodp v Ol | o™
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N
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N
H

wherein m, n and p are independently seiected from 0 or an integer of from 1-12.
150.  The compound according to any one of Embodiments 1-148, wherein the linker is

selected from linkers 1 to 628 listed above.
181, The compound according {o any oneg of Embodiments 1-1580, wherein the compound

is selected from:

~ Compound I-1,
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152, A method of treating a subject for a malignancy, the msethod comprising:
administering to the subject an effective amount of a transcriptional chemical inducer
5 of proximity (TCIF) which links BCL-6 and BRD4 o treat the subject for the malignancy.
183. The method according to Embodiment 152, wherein the TCIP is a compound
according to any of Embaodiments 1to 151,
154,  The method according to any of Embodiments 152 and 153, wherein administration
of the CIP activates transcription of a proapoptolic gene to treat the subject for the

16 malignancy.

155.  The method according to Embodiment 154, whersin the proapoptotic gene is
selected from the group consisting of TP53, PUMA (BBC3), BIM (BCL2L.11), BID, BAX,
BAK, BOK, BAD, HRK, BIK, BMF, and NOXA.

186. The method according to any of Embodiments 152 to 155, wherein the malignancy is

1§ characterized by elevated levels of BCLS,

157.  The method according to any of Embodiments 152 1o 156, wherein the malignancy is
Small Cell Lung Cancer (SCLC).

158,  The method according to any of Embodiments 152 {o 156, wherein the malignancy is
Diffuse Large B-Cell Lymphoma (DLBCL).

20 158, The method according to Embodiment 158, wherein the DLBCL is refractory DLBCL.
160.  The method according to Embodiment 158, whersin the refractory DLBCL is CHOP-
resistant DLBCL.

161.  The method according to any of Embodiments 152 to 160, wherain the subjectis a
mammal,

28 162.  The method according to Embodiment 181, wherein the mammal is human.
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183.  The method according to any of Embodiments 152 to 162, wherein the method
further comprises assessing the subject to determine whether the malignancy is susceptible
to treatment with the TCIP.
164. The method according to Embodiment 163, wherein the assessing comprises
measuring the level of at least oneg of BRD4 and BCLS in malignant cells.
165. The method according to Embodiment 184, wherein the assessing comprises
measuring the level of BRD4 and BCLES in malignant cells.
166.  The method according to any of Embodiments 164 and 165, wherein the measuring
comprises one or more of RNA-seq, Weastemn blotling, immunochistochemistry, mass spec,
and intracelivlar FACS.,
187. A pharmaceutical composition comprising:

franscriptional chemical inducer of proximity (TCIP) for treating malignancy, the TCIP
comprising a first ligand that specifically binds {0 BCL-6 and a second ligand that specifically
binds to BRD4: and

delivery vehicle.
168. The pharmaceutical compaosition according to Embodiment 167, wherein the TCIP is
a compound according to any of Embodiments 1 1o 151,
188.  The pharmaceutical composition according to any of Embodiments 167 and 168,

whersin the pharmaceutical compaosition is configured for intravenous delivery.

£R Ligand Embodiments
1 A method of treating a subject for Diffuse Large B-Cell Lymphoma (DLBCL), the
method comprising:

administering {o the subject an effective amount of a chemical inducer of proximity
{CIP) which links BCL-8 and an estrogen receptor treat the subject for DLBCL
2. The method according to Embodiment 1, wherein the CIP comprises a first ligand
that specifically binds to BCL-6 covalently linked {o a second ligand that specifically binds to
the estrogen receplor.
3. The method according to Embodiment 2, wherein binding of the second ligand to the
estrogen receptor does not substantially reduce the transcription-activating activity of BCL-6.
4. The method according to Embodiment 3, wherein the first ligand is selscted from the
group consisting oft

320



WO 2023/215311

FX1

5.

BI-3812

selectad from the group consisting of:

321

N

PCT/US2023/020719

The method according to any of Embodiments 2 and 3, wherein the second ligand is
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8. The method according to any of Embodiments 2 to §, wherein the first ligand and
second ligand are linked to each other by a linker.

7. The method accerding to Embodiment 6, wherein the linker comprises an alkyl chain.
8. The method according to Emboediment 6, wherain the linker comprises a polyakylene
glycod chain,

8. The method according to any of the precading embodiments, wherein administration

of the CiP aclivates franscription of a proapoptotic gene {o treat the subject for DLBCL.

10, The method according to Embodiment 9, wherein the proapoptotic gene is selected
from the group consisting of TRP53, PUMA (BBC3), BIM (BCL2L11}, BID, BAX, BAK, BOK,
BAD, HRK, BIK, BMF, and NOXA.

11, The method according to any of the preceding embodiments, whersin the DLBCL is
refractory DLBCL.

12, The method according to Embodiment 11, wherein the refractory DLBCL is CHOP-
resistant DLBCL.

13. The method according to any of the preceding embodiments, wherein the subjectis a
mammal.

14. The method according to Embodiment 13, wherein the mammal is human.
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15. A chemical inducer of proximily (CIF) for treating DLECL,, the CIP comprising a first
ligand that specifically binds to BCL-& joined by a linker {0 & second ligand that specifically
binds to an esirogen receptor.

16. The CiP according to Embodiment 15, wherein the first ligand is selected from the

group consisting oft
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17. The CiP according to any of Embodiments 15 and 18, wherein the second ligand is

selectad from the group consisting of:

323



WO 2023/215311 PCT/US2023/020719

- " ~ /" ‘ 'y p
oonl N ooNe g

/E\CT\/ \CT\/ { \r”\/u\f,/i\vi’:\ij . J:il\/ N /[\E/

o 7 8, - \/ \/

N /{ \/\!/\/”\ N i\'}/ N NN, /J’\/\/\ \CE/ i<
/\_/’L e

AL e e A
N 1 T\J’AJ P b
A AL (j/ ]V ‘? f\/@ -

PN NN w.

¥ ér I<
o0
R &
had &\,/[\ on

=N P NN H H
A /\j/ ',il\\ J \/r\ EA> ~d \\//\," o >
N o - j i A
0 Yy ) d
| L\/I

/ ‘\L(s

FC ]‘”“j\
U j jj o

SN N \.1,/\\//\\/’

o ; .
’,«/ N \ﬁ/’\\,(ﬂ\ N /.L/:m ;/.:,\//{L\ /‘l\\/);‘
4

18. The CIP according to any of Embodiments 15 t0 17, wherein the linker comprises an
alky! chain.
18. The CIP according to any of Embodimsants 15 t0 17, wherein the linker comprises a
5 poivakylens glycol chain
20. The CiP according to any of Embodiments 15 {0 18, wherein the CIP has a molscular
weilght ranging from 300 to 1200 g/mole.
21. A pharmaceutical compaosition comprising:
chemical inducsr of proximity {CIF)} for treating DLBCL, the CIP comprising a first
16 ligand that specifically binds to BCL-8 joined by a linker to 3 second ligand that specifically
binds {0 an esirogen recaptor; and

delivery vehicle.
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22. The pharmaceutical composition according to Embodiment 21, whereain the first

ligand is selecied from the group consisting oft
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23. The pharmaceutical composition according to any of Embodiments 21 and 22,

wherein the second ligand is selected from the group consisting of:
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24. The pharmaceutical composition according to any of Embodiments 21 to 23, whsrein
5 the linker comprises an alkyl chain.
25. The pharmaceutical composition according to any of Embodiments 21 {o 23, wherein
the linker comprises a polyakylene glycol chain.
26. The pharmaceutical composition according to any of Embodiments 21 to 25, wherein
the CIP has a molecular weight ranging from 200 to 1200 g/mole.
16 27. The pharmaceutical composition according to any of Embodiments 21 {o 26, wherein

the pharmaceutical composition is configured for intravenous delivery.

COK Ligand Embodiments

1. A method of treating a subject for a malignancy, the method comprising:

pand
v 3

adminisiering {o the subject an effective amount of a transcriptional chemical inducer
of proximity (TCIP) which links BCL-6 (or a homologue thereof) and cyclic dependent Kinase

o treat the subjedt for the malignancy.
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2. The method according to Embodiment 1, whersin the TCIP comprises a first igand

that specifically binds to BCL-8 {or a homologue thereof) covalently linked, directly orvia a

linker, to a second ligand that specifically binds to a CDK.

3. The method according to Embodiment 2, wherein binding of the second ligand to the
5 CDK does not substantially reduce the transcription-aciivating activity of BCL-8 (or a

homoiogus thereof).

4. The method according to Embodiment 3, wherein the first ligand is selected from the

group consisting of:

o
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5. The method according fo any of Embodiments 2 {o 4, wherein the second ligand is

selected from the group consisting of a CDK® ligand, a CDKE ligand and a CRKY ligand.

8. The method according to Embodiment 5, wherein the second ligand is a COKS
ligand.
7. The method according to Embodiment 8, wherein the CDK 9 ligand is selected from

the group consisting of:

Mame Structure
SNS-032 OJ)<
o N L
/t‘j\>*3 N~
NS
HN, H
NVP-2 R /i
Mo
|
JSNORo B =0
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3. The method according to Embodiment §, wherein the second ligand is a CDKS8
ligand.
25 9 The method according to Embodiment 8, wherein the CDKS figand is selected from

the group consisting of:

Name Structure
Bi-1347
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10. The method according to Embodiment §, wherein the second ligand is a COKY
ligand.
11 The method according to Embodiment 10, whersin the CDK7 ligand is selectsd from

the group consisting of:
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YKL-1-116

YKL-5-124

YKL-5-124 Reversible
compound

Ph
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SY-1365 and the
reversible compound
thereof (structure not
shown)

SY5609
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LY34051085 and the
reversible compound
thereof (structure no
shown)

LDC4278

12. The method gccording to any of Embodiments 2 to 11, wherein the first ligand and

second ligand are linkad to each other by a linker.
13. The method according to Embodiment 12, wherein the linker is selacted from the

group consisting of;
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where m, i and p are independently selected from 0 or an integer of from 1-12.
14. The method according to Embodiment 13, wherein TCIP is selected from the group

consisting off
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15. The method according to any of the preceding embodiments, wherain administration
of the CiP activates transcription of a proapoptolic gene to treat the subject for the
malignancy.

16. The method according to Embodiment 15, wherein the proapoptotic gene is selected
from the group consisting of TR53, PUMA (BBC3), BIM (BCLZL11), BID, BAX, BAK, BOK,
BAD, HRK, BIK, BMF, and NOXA.

17. The method according to any of the preceding embodiments, wherein the malignancy
is characterized by elevated levels of BCLS (or 2 homologue thereof).

18.  The method according to any of the preceding embaodiments, wherein the malignancy
is Small Cell Lung Cancer (SCLC).

19, The method according to any of Embodiments 1 1o 17, wherein the malignancy is
Diffuse Large B-Cell Lymphoma (DLBCL).

20. The method according to Embodimeant 18, wherein the DLBCL is refractory DLBCL.
21. The method according to Embodiment 20, wherein the refractory DLBCL is CHOP-
resistant DLBCL.

22. The method according to any of Embodimeants 1 to 17, whersin the malignancy is
breast cancer.

23. The method according to any of the preceding embodiments, wherein the subjectis a
mammal.

24. The method according to Embodiment 23, wherein the mammal is human.

25. The method according to any of the preceding embodiments, whersin the method
further comprises assessing the subject to determine whether the malignancy is susceptible
to treatment with the TCIF,

28. The method according to Embodiment 28, wherein the assessing comprises
measuring the level of at least one of a CDK and BCLS in malignant cells.

27. The method according to Embodiment 28, wherein the assessing comprises
measuring the level of a COK and BOLS (or a homologue thereof) in malignant cells.

28. The method according to any of Embodiments 26 and 27, wherein the measuring
comprises one or more of RNA-seq, Western blotting, immunohistochemistry, mass spec,
and intracsliular FACS.

29 Atranscriptional chemical inducer of proximity (TCIP) Tor treating malignhancy, the
TCIP comprising a first ligand that specificaily binds to BCL-8 {or a homologue thereof) and
a second ligand that specifically binds {c a CDK.
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30. The TCIP according to Embodiment 28, wherein the TCIP comprises a first ligand
that specifically binds to BCL-& covalently linked to & second ligand that specifically binds to
a CPK.
31. The TCIP according to Embodiment 30, wherein binding of the second ligand to the
5 CDK does not substantially reduce the transcription-aciivating activity of BCL-8 or ils
functional homologue.
32. The TCIP according to Embodiment 31, wherein the first ligand is selected from the
group consisting of:
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33. The TCIP according to any of Embodimants 28 to 32, wherein the second ligand is

selected from the group consisting of a CDKS ligand, a CDK8 ligand and a CDK7 ligand.

34, The TCIP according to Embediment 33, wherein the second ligand is a CDKO ligand.

35. The TCIP according to Embodiment 34, wherein the CDKS ligand is selected from

the group consisting of:
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36. The TCIP according to Embodiment 33, wherein the second ligand is a CDKS ligand.
37. The TCIP according to Embodiment 36, wherain the CDKS ligand is selected from
the group consisting of:
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38. The TCIP according to Embodiment 33, wherein the second ligand is a COKY ligand.
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38, The TCIP according to Embodiment 38, wherein the CDK7 ligand is salected from

the group consisting of:

Name

Structure

BS-181

CT7001

THZ2 reversible
compound

YKL-1-116

YKL-5-124




WO 2023/215311 PCT/US2023/020719

YKL-5-124 Reversible
compound

SY-1365 and the
reversible compound
thereof (structure not
shown)

SYS608
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reversible compound
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LDC4278

40. The TCIP according to any of Embodiments 28 {o 39, wherein the first ligand and

second ligand are linked to each other by a linker.

41, The TCIP according to Embodiment 40, wherein the linker is selected from the group

consisting of:
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where m, i and p are independently selected from 0 or an integer of from 1-12.
42. The TCIP according to any of Embodiments 28 {0 41, wherein the TCIP has a

melecular weight ranging from 300 to 1200 g/mole.
43. The TCIP according to Embodiment 42, wherein TCIP is selected from the group
consisting of:
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franscriptional chemical inducer of proximity (TCIP) for ireating malignancy, the TCIP
comprising a first ligand that specificaily binds {0 BCL-6 (or a homologue thereofy and a

second ligand that specifically binds to a COK; and
delivery vehicle.
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45, The pharmaceutical composition according to Embodiment 44, wherein the TCIP
comprises a first ligand that specifically binds to BCL-6 (or a homologue thereof) covalently
linked {o a second ligand that specifically binds to a CDK,
46, The pharmaceutical composition according to Embodiment 45, wherein binding of the
5 second ligand to the CDK does not substantially reduce the franscription-activating activity of
BCL-B.
47. The pharmaceutical composition according to Embodiment 48, wherein the first
ligand is selected from the group consisting oft
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48. The pharmaceutical composition according to any of Embodiments 44 to 47, wherein

the second ligand is selected from the group consisting of a CDKY ligand, a CDKS ligand

and & COKY ligand.

4G, The pharmaceutical composition according to Embodiment 48, wherein the second

ligand is a CDK3S figand.

50. The TCIP according to Embodiment 49, wherein the COK® ligand is selected from

the group consisting of:

Mame Structure
SNS-032 OJ)<
o N L
/t‘j\>*3 N~
NS
HN, H
NVP-2 R /i
Mo
|
JSNORo B =0
H




WO 2023/215311 PCT/US2023/020719

Ki-ARv-(3 D
“INHp
HN

K8-0742 O_
. NH,
HN'

T

\N =

BAY-1143572 o7 NTTN /@\HN
N So

AZD-4573

Alvocidib

TP-1287

Riviciclib

Voruciclib 4




WO 2023/215311

PCT/US2023/020719

BAY-1251152

Zotiraciclib (TG-02)

Seliciclib
Fadraciclib
o
Na !
Dinaciclib
N OH
N=
/\ffm—-’(
N HM
AT7519

356



WO 2023/215311 PCT/US2023/020719
BTX-AR1 NS
o
e
HgN:,,O‘ N Ci
|
N'J\N/
H
LY2857785 )
10

51. The pharmaceutical composition according to Embodiment 48, wherein the second

ligand is a CDK8 ligand.

52. The pharmaceutical composition according to Embodiment 81, wherein the CDKE

ligand is selected from the group consisting of:

Name Structure
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&3. The pharmaceutical composition according to Embodiment 48, wherein the second

ligand is a CDKY ligand.

54. The pharmaceutical composition according to Embodiment 83, wherein the CDK7

ligand is selected from the group consisting of:

Name Structure
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55, The pharmaceutical composition according to any of Embodimenis 44 {0 54, wharein

the first ligand and second lgand are linked {o each other by a linker.

56,
selected from the group consisting of:

381

The pharmaceutical composition according to Embodiment 55, whersin the linker is
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whers m, 1 and p are indspendsantly selectad from 0 or an integer of from 1-12.

57. The pharmaceutical composition according to any of Embaodiments 44 to 56, wherein
the TCIP has a molecular weight ranging from 300 o 1200 g/mole.

58. The pharmaceutical composition according to Embodiment 57, wherein TCIP is
selected from the group consisting of:
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50,

the pharmaceutical compaosition is configured for intravenous delivery.

AR Ligand Embodiments
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The pharmaceutical composition according to any of Embodiments 44 to 58, wherein

1. A method of ireating a subject for a malignancy, the method comprising:

administering to the subject an effective amount of & transcriptional chemical inducer

of proximity (TCIP) which links BCL-8 {or a homologue thereof) and an androgen receptor

2. The method according to Embodiment 1, wherein the TCIF comprises a first ligand

that specifically binds to BCL-6 {or a homologue therecf) covalantly linked 10 a second ligand

3. The method according to Embodiment 2, wherein binding of the second ligand to the

16 {AR) to treat the subject for the malignancy.
that specifically binds fo an AR,
13

homologus thereof).

AR does not substantially reduce the transcription-activating activity of BCOL-6 {or a

4. The method according to Embodiment 3, wherein the first ligand is selected from the

group consisting of:
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5. The method according to any of Embodiments 2 to 4, wherein the second ligand
comprises an AR agonist.

8. The method according {o Embodiment 5, wherein the AR agonist comprises a
steroidal AR agonist.

7. The method according to Embodiment €, whersin the steroidal AR agonist is selected
from the group consisting of:

8. The method according to Embodiment 8, wherein the AR agonist comprises a non-
steroidal agonist.
g The method according to Embodiment 8, wherein the AR agonist is selected from the

group consisting of:
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10. The method according to Embodiments 2 to 4, wherein the second ligand comprises
an AR antagonist.
11, The method according to Embodiment 10, wherein the AR antagonist comprises a

non-stercidal AR antagonist.
12. The method according to Embodiment 11, wherein the non-steroidal AR antagonist is

sglected from the group consisting of:

13. The method according to Embodiment 10, wherein the AR antagonist comprises a
steroidal AR antagonist.
14. The method according to Embodiment 13, whersin the steroidal AR antagonist is

selected from the group consisting of:

15. The method according to any of Embodiments 2 {o 14, wherein the first ligand and
second ligand are linked to each other by a linker.
16. The method according to Embodiment 15, wherein the linker is selacted from the

group consisting of:
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where m, n and p are independently selected from 0 or an integer of from 1-12.

17. The methad according to any of the preceding embodiments, whereinthe TCIP is

selected from the group consisting of

BAK-04-083 (C2)
O

L

RCS-02-093 (Cdy
o P

RCS-02-085 (C6)
g

N0,

RCS-02-060 (peg)
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1.
of the CIP activales transcription of a proapopiotic gene to treatl the subject for the

N
The method according to any of the preceding embodiments, whersin administration

malignancy.

18. The method according to Embodiment 18, whersin the proapoptotic gene is selected
from the group consisting of TP53, PUMA (BBC3), BIM (BCL2L11}, BID, BAX, BAK, BOK,
BAD, HRK, BIK, BMF, and NOXA,

20. The method according to any of the preceding smbodiments, whergin the malighancy
is characierized by elevated levels of AR,

21, The method according to any of the praceding embodiments, wherein the malignancy
is characterized by elevated levsais of BCLS {or a homologue thereot).
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22. The method according to any of the preceding embodiments, wherain the malignancy
is prostate cancer.

23. The method according to any of the preceding embodiments, wherein the subjectis a
mammal.

24. The method according to Embodiment 23, wherein the mammal is human,

25. The method according to any of the preceding embodiments, wherein the method
further comprises assessing the subject {o determine whether the malignancy is susceptible
to treatment with the TCIP.

26.  The method according to Embodiment 25, wherein the assessing comprises
measuring the level of at least one of AR and BCLS in malignant celis,

27. The method according to Embodiment 26, wherein the assessing comprises
measuring the level of AR and BCLS (or a homologue thereof) in malignant celis.

28. The method according to any of Embodiments 28 and 27, wherein the measuring
comprises one or more of RNA-seq, Weslern biolting, immunohistochemistry, mass spec,
and intraceliuiar FACS,

28. A transcriptional chemical inducer of proximity (TCIP) for treating malignancy, the
TCIP comprising a first ligand that specifically binds {o BCL-6 (or a homologue thereof)
joined by a linker {0 a second ligand that specifically binds to an AR.

30. The TCIP according to Embodiment 29, wherein the TCIP has a molecular weight
ranging from 300 to 1200 g/mole.

31 The TCIP according to Embodiments 28 {o 30, wherein the first ligand is selected

from the group consisting of:
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32. The TCIP according to any of Embodiments 28 1o 31, wherein the second ligand
comprises an AR agonist.

33. The TCIP according to Embodiment 32, wherein the AR agonist comprises a
steroidal AR agonist.

34. The TCIP according to Embodiment 33, wherein the steroidal AR agonist is salscted
from the group consisting of:

35. The TCIP according to Embodiment32, wherein the AR agonist comprises a non-
steroidal agonist.

36. The TCIP according to Embodiment 35, wherein the AR agonist is selected from the
group consisting of:
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37. The TCIP according to Embodiments 28 o 31, wherein the second ligand comprises
an AR antagonist.

38.  The TCIP according to Embodimsnt 37, wherein the AR antagonist comprises a non-
steroidal AR antagonist.

38. The TCIP according to Embodiment 38, wherein the non-steroidal AR antagonist is
sglected from the group consisting of:

40.  The TCIP according to Embodimant 37, wherein the AR antagonist comprises a
steroidal AR antagonist.

41, The TCIP according to Embodiment 40, wherein the sfercidal AR anfagonist is
selected from the group consisting of:

42. The TCIP according 1o any of Embodiments 29 1o 41, wherein the linker is selected

from the group consisting of:
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where m, n and p are independently selected from 0 or an integer of from 1-12.
43, The TCIP according to any of the preceding embodiments, wherein the TCiIP is

selected from the group consisting of

BAK-04-083 (C2)
O

L

RCS-02-093 (Cdy
o P

RCS-02-085 (C6)
g

N0,

RCS-02-060 (peg)

378



10

WO 2023/215311

ROS-02-058 (peg?)
=]
NA

M\ g
[
RCS-02-061 (peg3)
Wl F
e \g-;"\..o
g,
d,

RCE-02-062 (pegdy
(=}

N-O
. PR
-~ j £

H N0,

PCT/US2023/020719



WO 2023/215311 PCT/US2023/020719

BAK-04-084

RCS-02-160

N
M-

5 RCS-02-176

0,
B
7

44,

A pharmaceutical composition comprising:

transcriptional chemical inducer of proximity (TCIF) for treating malignancy, the TCIP
comprising a first ligand that specifically binds to BCL-8 (or a homologue thereot) joined by a
10 linker to a second ligand that specifically binds o an AR; and
delivery vehicle.
45 The pharmaceutical composition according to Embodiment 44, wherein the TCIP has
a molecular weight ranging from 300 to 1200 g/mole.
46.  The pharmaceutical composition according (o Embodiments 44 {o 45, wherein the

[y
¥ ]

first ligand is selected from the group consisting of
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47. The pharmaceutical composition according to any of Embodiments 44 to 48, wherein
the second ligand comprises an AR agonist.

48, The pharmaceutical composition according to Embodiment 47, wherein the AR
agonist comprises a steroidal AR agonist.

4G, The pharmaceutical composition according to Embodiment 48, wherain the steroidal

AR agonist is selecied from the group consisting of:

50 The pharmaceutical composition according to Embodiment 47, wherein the AR
agonist comprises a non-steroidal agonist.

51. The pharmaceutical composition according to Embodiment 50, wherein the AR
agonist is selected from the group consisting of
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52. The pharmaceutical composition according to Embodiments 44 to 46, wherein the
second ligand comprises an AR antagonist.

53.  The pharmaceutical composition according to Embaodiment 52, wherein the AR
antagonist comprises a non-stercidal AR antagonist,

54, The pharmaceutical composition according 1o Embodiment 53, wherein the non-
steroidal AR antagonist is selsectsd from the group consisting of:

55.  The pharmaceutical composition according to Embodiment 54, wherein the AR
artagonist comprises a steroidal AR antagonist.

56. The pharmaceutical composition according to Embodiment 55, wherein the steroidal
AR antagonist is selected from the group consisting of:

57. The TCIP according to any of Embodiments 44 {0 58, wherein the linkar is selected

from the group consisting of:
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where m, n and p are independently selected from 0 or an integer of from 1-12.

58. The pharmaceutical composition according 1o any of the preceding embodiments,

whersin the TCIP is selectad from the group consisting of:

BAK-04-083 (C2)
g

MN L

A

10

N

15 RCS-02-085 (C6)
[

¥
NS
N

RCS-02-060 (pegl)
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58. The pharmaceutical compaosition according to any of Embodiments 44 {o 58, wherein

N

the pharmaceutical compaosition is configured for intravenous delivery.

10 in at least some of the previously described embodiments, one or morg elements
used in an embaodiment can interchangeably be used in another embodiment unless such a
replacement is not technically Teasible. it will be appreciated by those skilied in the art that
various other omissions, additions and meodifications may be made to the methods and
structures described above without departing from the scope of the claimed subject matier.

[y
¥ ]

All such modifications and changes are inlended 1o fall within the scope of the subject
matier, as defined by the appended claims.

it will be understood by those within the ar that, in general, terms used herein, and
especially in the appendad claims (e.g., bodies of the appended claims) are generally
intended as "open” terms {e.g., the term “including” shouid bs interprated as “including but

20 notiimited to,” the term “having” should be interpreted as “having at least,” the term
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“includes” should be interpreted as “includes but is not imited to,” efc). It will be further
understood by those within the art that if 2 specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the claim, and in the absence of such
recitation no such intent is present. For example, as an aid to understanding, the foliowing
5 appended claims may contain usage of the introductory phrases “at least ong” and “one or
maore” {o infroduce claim recitations. However, the use of such phrases should nol be
consirued {o imply that the introduction of a claim recitation by the indefinite articles “a” or
“an” limits any particular claim containing such infroduced claim recitation to embodiments
containing only ane such recitation, even when the same claim includes the introductory
10 phrasas “ong or more” or "at least one” and indefinite articles such as *a” or “an” {e.g., &
and/or “an” should be interpreied o mean “at least one” or “one or mora™); the same holds
true for the use of definile articles used to introduce claim recitations. In addition, evenifa
specific number of an intreduced claim recitation is explicitly recited, those skilled inthe ant
will recognize that such recitation should be interpreted to mean at least the recited number
15 ({e.g.. the bare recifation of "two recitations,” without other modifiers, means at least two
recitations, or two or more recitations). Furthermore, in those instancss whers a convention
analogous fo “at least one of A, B, and C, eic” is used, in general such a construction is
intended in the sense one having skill in the art would understand the convention (e.g., “ a
system having at least one of A, B, and C" would includs but not be limited {o systems that
20 have A along, B alone, C alone, A and B together, A and C together, B and C {ogether,
andfor A, B, and C together, etc)). In those instances where a convention analogous io “at
leastone of A, B, or C, elc.” is used, in general such a construction is intended in the sense
one having skill in the art would understand the convention {e.g., * a system having at least
ane of A, B, or C” would include but not be limited to systems that have A alone, B alone, C
25 alone, A and B together, A and C together, B and C together, and/or A, B, and C logether,
etc). will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more allernative terms, whether in the description, claims,
or drawings, should be understood o coniemplate the possibilities of including one of the
tarms, either of the terms, or both terms. For example, the phrase “A or B” will be
30 undersiood to include the possibilities of "A" or "B or "A and B
In addition, where features or aspects of the disclosure are described in terms of
Markush groups, those skilled in the art wili recognize that the disclosure is also thereby
described in ferms of any individual member or subgroup of members of the Markush group.
As will be understoad by one skilled in the art, for any and all purposes, such as in
35 terms of providing a writien description, all ranges disclosed herein also encompass any and
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alt possible sub-ranges and combinations of sub-ranges thersof. Any lisied range can be
sasily recognized as sufficiently describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifihs, tenths, elc. As a non-limiting example,
each range discussed herein can be readily broken down into a lower third, middie third and
upper third, etc. As will also be understood by one skilled in the art all language such as "up
to,” “at least,” “greater than,” “less than,” and the liks include the number recited and refer to
ranges which can be subsequently broken down into sub-ranges as discussed above,
Finally, as will be understood by one skilled in the art, a rangs includes each individual
member. Thus, for example, a group having 1-3 articles refers to groups having 1, 2, 0r 3
articles. Similarly, a group having 1-5 articles refers to groups having 1, 2, 3, 4, or 5 articles,
and so forth.

Although the foregoing invention has been described in some detail by way of
lfustration and example for purposes of clarity of undersianding, it is readily apparent to
those of ordinary skili in the art in light of the teachings of this invention that certain changes
and modifications may be made therelo without departing from the spirit or scope of the
appended claims.

Accordingly, the preceding merely lllustrates the principles of the invention. it will be
appreciated that those skilled in the arf will be able {o devise various arrangemenis which,
although not explicitly described or shown herein, embody the principles of the invention and
are included within ifs spirit and scope. Furthermore, all examples and conditional language
recited herein are principally intended {o aid the reader in understanding the principles of the
invention and the concepts contribuled by the inventors to furthering the art, and are to he
consirued as being without limitation 1o such specifically recited examples and conditions.
Moreover, all statements herein reciting principles, aspects, and embodiments of the
invention as well as specific examples thereof, are intended to encompass both structural
and funclional equivalents thereof. Additionally, it is intended that such equivalents include
hoth currently known equivalents and equivalents developed in the future, i.e., any slements
developed that perform the same function, regardisss of structure. Moreover, nothing
disciosed herein is intended to be dedicated to the public regardless of whether such
disclosure is explicitly recited in the claims.

The scope of the present invention, therefore, is not intended 1o be limited fo the
exemplary embodiments shown and described herein. Rather, the scope and spirit of
present invention is embodied by the appended claims. in the claims, 35 U.S8.C. §112() or
35 U.S.C. §112(8) is expressly defined as being invokad for a limitation in the clainm only
when the exact phrase "meaans for” or the exact phrase “step for” is recited at the beginning
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of such limitation in the clainy; if such exact phrase is not used in a limitation in the claim,
then 35 U.S.C. § 112 () or 35 LUL.S.C. §112(8) is not invoked.
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CLAIMS

VWHAT 18 CLAIMED IS

1. A method of treating a subject for Diffuse Large B-Ceil Lymphoma (DLBCL), the
method comprising:
administering to the subject an effective amount of a chemical inducer of proximity
(CIF) which links BCL-6 and an estrogen receptor to treat the subject for DLBECL.
2. The method of claim 1, wherein the CiP comprises a first ligand that specifically
binds to BCL-G covalently linked to a second ligand that specifically binds {o the estrogen
receplior.
3. The method of claim 1, wherein administration of the CIP aclivates transcription of a
proapoptotic gens to treat the subject for DLECL.
4, The method of claim 3, wherein the proapoptotic gene is selecled from the group
consisting of TPE3 PUMA (BBC3), BiM (BCL2LT1), BID, BAX, BAK, BOK, BAD, HRK BIK,
BMF, and NOXA.
5. The method of claim 1, wherein the DLBCL is refractory DLBCL, optionally wherein
the refractory DLBCL is CHOP-rasistant DLBECL.
8. A method of freating a subject for a malignancy, the method comprising:
administering to the subject an effective amount of a tfranscriptional chemical inducer
of proximity (TCIP} which links BCL-6 and BRD4 to treat the subject for the malignancy.
7. The method of claim 6, wherein administration of the CIP activates transcriplion of a
proapoptotic gene to treat the subject for the malignancy.
8. The method of claim 7, wherein the proapoptotic gene is selected from the group
consisting of TR&83 PUMA (BBC3), BIM (BCL2L11), BID, BAX, BAK BOK, BAD, HRK, BIK,
EMF, and NOXA.
9. The method of claim 6, wherein the malignancy is Small Celi Lung Cancer (SCLC) or
Diffuse Large B-Cell Lymphoma (DLECL).
10, The method of claim 1, measuring the level of af least ons of BRD4 and BCLS in
malignant cells of the subject, thereby assessing the subject to defermine whether the
malignancy is susceptible {o treatment with the TCIP.
11, Amethod of freating a subject for a malignancy, the method comprising:
administering 1o the subject an effective amount of a transcriptional chemical inducer
of proximity (TCIF) which links BCL-6 (0r a homologue thereof) and an androgen receptor
{AR) o ireat the subject for the malignancy.
12. The method of claim 11, wherein the second ligand comprises an AR agonist.
13. The method of claim 11, wherein the second ligand comprises an AR antagonist.
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14. The method of claim 11, wherein administration of the TCIP activates franscription of

a proapoptotic gene to treat the subject for the malignancy.

15. The method of claim 14, wherein the proapoplotic gene is selected from the group

consisting of TF53 PUMA (BBC3), BIM (BCL2L11), BID, BAX, BAK, BOK, BAD, HRK, BIK

5 BMF, and NOXA.

16. A method of treating a subject for a malignancy, the mesthod comprising:
administering {o the subject an effective amount of a transcriptional chemical inducer

of proximity (TCIF) which links BCL-6 (or a homologue thereof) and cyclic dependent kinase

1o treat the subject for the malignancy.

10 17, The method of claim 16, wherein the second ligand is selectad from the group

consisting of a COK® ligand, a COKS ligand, and a CDK7 ligand.

18, The method of claim 17, wherein the second ligand is the CDKS ligand.

19. The method of claim 16, whergin administration of the CIP aclivates transcription of a
proapoptotic gens to treat the subject for the malignancy.

15 20 The method of claim 18, wherein the proapoptotic gene is selected from the group
consisting of TRP83 PUMA (BBC3), BIM (BCL2L11}, BID, BAX, BAK, BOK, BAD, HRK, BIK,
BMF, and NOXA.

21 A mathod of reguiating expression of a target gene in a cell comprising a first
endogenocus protein and a second endogenous protain, the method comprising:

20 contacting the cell with a compound having a first moiely covalently linkedto a
second moiety, wherein:

{a) the first moiety exhibils specific binding 1o the first endogenous protein
that binds to the target gene or a region near the target gene {e.q., promoter, reguiatory
region)

25 {b) the second molety exhibits specific binding to the second endogenous
protein distinct from the first endogenous protein; and

{c) upon contacting the cell, the first endogenocus protein and the second
endogenous profein are spatially complexed o each other via the compound {o vield a gain-
of-function in the cell,

30 wherein the gain-of-function is characterized by modulating expression of the target
gene in a8 manner dependent on presence of the second endogenous protein bound fo the
sompound, and

wherein the gain-of-funciion is achieved by utilizing less than about 50% of an
arnount of the second endogenous protein present in the cell.

35 22, The method of claim 21, wherein the gain-of-funclion is achieved by utilizing about
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1% to about 30%, about 1% to about 20%, about 1% to about 15%, or about 1% 1o about
10% of the amount of the second endogenous protein present in the cell.
23. The method of claim 21, wherein the gain-of-funclion is achieved by ulilizing about
2% to about 20% of the amount of the second endogenous protein present in the cell.
5 24 The method of claim 21, wherein the gain-of-function is achieved by utilizing about
2% to about 10% of the amount of the second endogenocus protein present in the cell.
25. A method of regulaling expression of a target gene in a cell compyrising a first
endogenous profein and a second endogenous protein, the method comprising:
contacting the cell with a campound having a first moiety covalently iinked to a
10 second moisty, wherein
{&) the first moisty exhibits specific binding {o the first endogsnous protein
that binds the targst gene;
{b) the second molety exhibils specific binding to the second endogenous
protein distinet from the first endogenous protsing and
15 {c}) upon contacting the call, the first endogencous profein and the sscond
endogenous protein are spatially complexad to each other via the compound to vield a gain-
of-function in the cal,
whersin the gain-of-function is characterized by modulating expression of the target
gene in a manner dependent on presence of the second endagenous protein bound to the
20 compound, and
whergin the compound mediates the gain-of-function with an ECs of lgss than about
1 micromolar,
26. The method of claim 25, whergin the ECs; is less than about 500 nanomolar, less
than about 200 nanomolar, or less than about 100 nanomolar.
25 27 The method of claim 25, wherein the ECs is less than about 50 nanomolar.
28. The method of claim 25, wherein the ECs is less than about 20 nanomolar,
29. A method of reguialing expression of a plurality of larget genes in a cell comprising a
first endogenous protein and a second endogenous profein, the method comprising:
contacting the cell with a campound having a first moiety covalently iinked to a
30 second moiety, wherein
{a) the first moisty exhibits specific binding o the first endogenous profein
that reduces expression of a target gene in absence of the compound;
{b) the second moiety exhibils specific binding 1o the second sndogsnous
protein that enhances expression of an additional target gene in absence of the compounid;
35 and
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{c) upon contacting the cell, the first endogenous protein and the second
endogenous protein are spatially paired to one another via the compound to yield a gain-of-
function in tha celi, and

wherein the gain-of-function is characlerized in that (i) expression of the target gene
5 is enhanced as compared to that in absence of the compound, and (i) expression of the
additional target gene is reduced as compared to that in absence of the compound.
30. The method of claim 29, wherein (i} the expression of the target gene is enhanced by
at least about 10%, af least about 20%, at least about 80%, or at least about 80% as
compared o that in absence of the compound.
10 31, The method of claim 28, wherein (i) the expression of the addilional target gene is
reduced by af least about 10%, at lsast about 20%, at least about 50%, or at least about
80% as compared {0 that in absence of the compound.
32. The method of claim 28, wherein (i) the expression of the target gene is enhanced by
at least ahout 20% as compared to thatl in absence of the compound, and (i) the expression
15 ofthe additional target gene is reduced by lsast about 20% as compared 1o that in absence
of the compound.
33 The method of claim 29, wherein (i) the expression of the target gene is enhanced by
at least about 50% as compared {o that in absence of the compound, and (i) the expression
of the additional target gene is reduced by least about 50% as compared {o that in absence
20 ofthe compound.
34. A mathod of raguiating expression of a target gene in a csil comprising a first
gndogenous protein and a second endogenous profein, the method comprising:
contacting the cell with an effective amount of a compound having a first moiety
covalently linked to a second moiety, wherein:
25 {a) the first moisty exhibits specific binding to the first endogenous protein
that binds the target gene;

{b) the second moiety exhibits specific binding to the second endogenous
protein distinet from the first endogenous protain; and

{c) upon contacting the cell, the first endogenous protein and the second

30 endogenous protein are bound to the compound {o form a compiex to yield a gain-of-funclion
in the celi,
wherein the gain-of-function is characterized by modulating expression of the targst
gene in a manner dependeant on presence of the second endogenous protein bound to the
compound
35 and
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whergin the expression of the target gene is modulated in less than or equai {o about
16 heours after the contacting.
35. The method of claim 34, wherein the complex modulaies the expression of the target
gene in less than or equal {o about 8 hours after the contacting.
36. The method of any one of the preceding claims, wherein exprassion levels of the
target gene are enhanced by at least about 8%, at least about 10%, or at least about 20% as
compared {o that in absence of the compound.
37.  The method of any one of the precading claims, wherein the expression levels of the
target gene are enhanced by at least about 30% as compared to that in absence of the
compound.
38.  The method of any one of the preceding claims, wherein the method results in death
of the celi.
30. The method of any one of the preceding claims, wharsin the first endogenous protein
reduces exprassion of the target gene in absence of the compound, and the gain-of-function
is characterized by enhancing expression of the target gene in a manner dapendent on the
presence of the second endogenous protein bound to the compound.
40, The method of any one of the preceding claims, whearein the first endogenous protein
anhances expression of the target gene in absence of the compound, and the gain-of-
function is characterized by reducing expression of the target gene in a manner dependent
on the presence of the second endogenous protein bound to the compound.
41, The method of any one of tha precading claims, wherein the gain-of-function is
characterized by madulating expression of the target gene in a manner dependent on spatial
association of the second endogenous profein with the target gene.
42. The method of any one of the preceding claims, wherein the first endogenous protein
is a transcription factor or an epigenetic modulator.
43. The method of any one of the preceding claims, wherein the second endogenous
protein is a transcription factor or an epigenetic modulator.
44, The method of any one of the preceding claims, wherein the first endogenous protein
comprises a BTB domain.
45, The method of claim 44, wherein the first molety of the compound binds fo at least a
portion of the BTB domain of the first endogenous protein.
46, The method of claim 44, wherein the first endogenous protein is selected from Table
3
47.  The method of claim 48, wherein the first endogenous protein is BCLS.
48,  The method of any ong of the precading claims, wherein the second endogenous

385



10

IN]

20

30

35

WO 2023/215311 PCT/US2023/020719

protein is a BET family protein selected from the group consisting of BRD2, BRDS3, BRD4,
BRDS, BRD7, BRDS, and BRDT.

48, The method of claim 48, wherein the second endogenous protein is BRD4.

50 The method of any one of the preceding claims, wherein the second endogenous
protein is an intraceliular receptor.

51. The method of claim 50, wherein the intraceilular receptor is a hormone receptor.
52. The method of claim 51, wherein the hormone receplor is an estrogen receptor.

53.  The method of claim 51, wherein the hormone receptor is an androgen recaplor.
54. The method of claim 51, wherein the hormone receptor is a progesterone receptor.
55 The method of any one of the preceding claims, wherain the target gene is a pro-
apoplotic gene or an anti-apopictic gene.

56.  The method of claim 55, wherein the pro-apoptotic gene s a late apopiotic gene.
57. The method of claim 55, wherein the pro-apoptotic gene is an sarly apoptolic gene.
58. The method of any one of the preceding claims, wherein the target gene is a
therapeutic gene.

58. The method of any one of the preceding claims, wharsin the cell overexpresses at
least ane of the first endogenous profein and the second endogenous protein as compared
io a non-dissased call.

60. The method of any one of the preceding claims, wherein the cell overexpresses both
of the first endogenous protein and the second endogenous protein as compared {0 a non-
diseased cell.

61. The method of any one of the preceding claims, wherein the cell is a diseased cell.
62 The method of any one of the preceding claims, wherain the cell is a cancer cell.
83. The method of any one of the preceding claims, wherein the compoundisin a
composition during the contacting, and wherein a concentration of the compound in the
composition is less than about 1 micromoiar, less than about 300 nanomolar, less than
about 20U nanomolar, less than about 100 nanomolar, less than about 50 nanomolar, or less
than about 20 nanomolar,

64. The method of claim 63, wherein the concentration of the compound in the
composition is less than about 10 nanomolar.

85, The method of any one of the preceding claims, wherein, when the first endogenous
protein and the second endogenous protein are bound to the compound, the first
endogenous protein does not induce a post-translational modification of the second
endagenaus profein, and vice versa.

66.  The method of claim 65, wherein the post-translational modification comprises
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ubiguitination, de-ubiguiiination, acetylation, deacetylation, phosphoryiation,
dephosphorylation, methylation, or demethylation.
67. The method of any one of the preceding claims, wherein the contacting comprises
administering the composition to a subject comprising the cell, to treat the subject for Diffuse
Large B-Cell Lymphoma (DLBCL).
68. A compound of formula {):
AB ()
wherain:
{a) A is a first moiety exhibiting specific binding fo a first endogenous protain
in & cell that binds & target gene;
() B is a sscond moiety exhibiting specific binding o a second endogenous
protein in the cell that is distinct from the first endogenous protein; and
{¢) the compound spatially complexes the first endogenocus protein and the
second endogenous protein to each other (o vield a gain-of-function in the csli,
wherein the gain-of-function is characterized by modulating expression of the target
gene in a manner dapendent on presence of the second endogenous protein bound to the
compound, and
wherein:
(i) the gain-of-function is achieved by ulllizing less than about 50% of an
amouni of the second endogenous profein present in the cell;
{(ity the compound mediates the gain-of-function with an ECs, of less than
about 1 micromolar;, and/or
(il the first endogenocus protsin reducas the expression of the targst gens in
absence of the compound and the second endogenous protein enhances expression of an
additional target gene in absence of the compound, wherein the gain-of-function is
characterized in that (iii{a)) expression of the target gene is enhanced as compared to that in
ahsence of the compound, and (ili(b)) expression of the additional target gene is reduced as
compared {o that in absence of the compound.
68. The compound of claim 68, wherein (i) the gain-of-function is achieved by utilizing
less than about 50% of an amount of the second endogencus protein present in the cell.
70. The compound of claim 68, wherein (i), and wherein the gain-of-function is achieved
by utitizing about 1% o about 30%, about 1% to about 20%, about 1% 1o about 18%, or
about 1% to about 10% of the amount of the second endogenous protein presant in the cell.
71.  The compound of claim &8, wherein (i), and wherein the gain-of-function is achisved
by utilizing about 2% to about 20% of the amount of the second endogenous protein presam
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in the cell,
72. The compound of claim 68, wherein (i), and wherein the gain-of-funclion is achieved
by utilizing about 2% to about 10% of the amount of the second endogenous protein present
in the cell.
73, The compound of claim 68, wherein (i) the compound mediates the gain-of-function
with an ECs of less than about 1 micromolar.
74. The compound of claim 68, wherein (i}, and wherein the 2Cs; is less than about 566
nanomolar, less than about 200 nanomolar, or less than about 100 nanomolar.
75. The compound of claim 68, wherein (ii), and wherein the ECs Is less than about 50
nanomolar,
78.  The compound of claim 68, whearein (i}, and wherein the ECg is less than about 20
nanomaoiar.
77. The compound of claim 88, wherein (i) the first endogenous protein reduces ths
axpression of the target gene in absence of the compound and the second endogenous
protein enhances exprassion of the additional target gens in absence of the compound,
whersin the gain-of-function is characterized in that {ili(a)} the expression of the target gens
additional target gene is reduced as compared to that in absence of the compound.
78. The compound of claim 68, wherein {iif}, and wherein in (iii(a)} the expression of the
target gene is enhanced by at least about 10%, at least about 20%, at least about 50%, or at
lsast about 80% as comparsd to that in absencs of the compound.
79. The compound of claim 68, wherein {iif), and wherein in (ili()) the expression of the
additional target gene is reduced by at least about 10%, at least about 20%, at least about
50%, or at least about 80% as compared to that in absence of the compound.
80. The compound of claim 68, wherein (i), and wherein in (iii(a)) the exprassion of the
target gene is enhanced by ai least about 20% as compared to that in absence of the
compound, and in ({li{b)) the expression of the additional target gene is reduced by least
about 20% as compared io that in absence of the compound.
81. The compound of claim 68, wherein ({iif}, and wherein in (iii(a)) the expression of the
target gene is enhanced by at least about 50% as compared to that in absence of the
compound, and in (ili(b)) the expression of the additional target gene is reduced by least
about 50% as compared 1o that in absence of the compound,
82. A compound of formula {):
A-B (),
wherein:
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{a) A is a first moiety exthibiling specific binding to a first endogenous protein
in a cell that binds a target gene;

{b) B is a second moiety exhibiting specific binding {0 a second endoganous
protein in the cell that is distinct from the first endogenous protein; and

5 {c} the compound binds to the first endogenous protein and the second
endogenous protein to form a complex, wherein the complex is capable of modulating the
expression of the target gene in a manner dependent on presence of the second
endogenous profein in the complex, and
wherein the complex modulates expression of the target gane in less than or equal to

10 about 16 hours.

83.  The compound of claim 82, wharein the complex modulates expression of the targst
gene in less than or equal to about 8 hours.

34. The compound of any one of the preceding claims, wherein the modulating is
characlerized by enhancing expression level of the target gene by al least about 5%, at least

15 about 10%, or at least about 20% as compared {o that in absence of the compound.

85. The compound of any one of the preceding claims, whersin the modulating is
characterized by enhancing expression level of the target gene by al least about 30% as
comparad to that in absence of the compound.

86. The compound of any one of the preceding claims, wherein the modulating is

20 characlerized by death of the cell.

87. The compound of any one of the preceading claims, wherein the first endogenous
protein reducas the target gene expression in absence of the compound, and the moedulating
is characterized by enhancing the target gene axpression in the manner dependent on the
presence of the second endogenous protein bound {o the compound.

25 88, The compound of any one of the preceding claims, wherein the first endogenous
protein enhances the target gene expression in absence of the compound, and the
modulating is characterized by reducing the largst gene expression in the manner
dependent on the presence of the second endogenous protein bound to the compound.

89. The compound of any one of the preceding claims, wherein the modulating is

30 dependent on spatial association of the second endogenocus protein with the target gene.
a0, The compound of any one of the preceding claims, wherein the first endogenous
protein is a franscription factor or an epigenetic modulator,
g1. The compound of any one of the preceding claims, wherein the second endogenous
protein is a transcription factor or an epigenetic maduiator.

35 82, The compound of any one of the preceding claims, whearein the first endogenous
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protein comprises a BTE domain.
93. The compound of claim 92, wherein the first moiety of the compound binds {o at least
a portion of the BTB domain of the first endogenous protein.
94, The compound of claim 92, wherein the first endogenous protein is selscted from
5  Table 3.
5. The compound of claim 94, wherein the first endogsnous protein is BCLS.
96. The compound of any one of the preceding claims, wherein the second endogenous
protein is a BET family protein selected from the group consisting of BRD2Z, BRDZ, BRD4,
BRDS, BRDY7, BRDS, and BRDT.
10 97, The compound of claim 98, wherein the second endogenous protein is BRD4,
28, The compound of any one of the preceding claims, wherein the second endogenous
protein is an intracellular receptor.
g¢. The compound of claim 98, wherein the intraceliular receptor is a hormone receptor.
100, The compound of claim 99, wherein the hormone receptor is an estrogen recepior,
15101, The compound of claim 88, wherein the hormone receplor is an androgen receptor.
102, The compound of any one of the preceding claims, whergin the fargst gene is a pro-
apoptotic gene or an anti-apoptotic gene.
103,  The compound of claim 102, wherain the pro-apoptotic gene is a [ate apoplotic gene.
104. The compound of claim 102, wherein the pro-apoptolic gene is an early apopiotic
20 gene.
185, The compound of any one of the preceding claims, wherein the target gene is a
therapeautic gene.
136,  The compound of any one of the preceding claims, wherein the cell overexpresses at
least one of the first endogenous protein and the second endogenaous profein as compared
25 {0 & non-dissased call.
107.  The compound of any one of the preceding claims, wherein the cell overexpresses
hoth of the first endogenous protein and the second endogenous protein as compared o a
non-diseased cell.
108. The compound of any one of the preceding claims, wherein the cell is a diseasad
30 cell
108, The compound of any one of the preceding claims, wherein the cell is a cancer cell.
110, The compound of any one of the preceding claims, wherein, when the first
endogenous protein and the second endogenous protein are bound to the compound, the
first endogenous protein does not induce a post-transiational modification of the second
35 endogenous protein, and vice versa.
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111, The compound of claim 110, wherein the post-transiational modification comprises
ubiguitination, de-ubiguitination, acstylation, deacetylation, phosphorylation,
dephosphorylation, methylation, or demethyiation.
112. A composition comprising the compound of any one of the preceding claims.
113, The composition of claim 112, wherein the composition comprises a therapeutically
effeclive amount of the compound.
114.  The composition of any one of the preceding claims, wherein a concentration of the
compound in the composition is iess than aboui 1 micromolar, less than about 500
nanomaoiar, iess than about 200 nanomolar, less than about 100 nanomolar, less than about
50 nanomolar, of less than about 20 nanomolar,
115.  The composition of any one of the preceding claims, wherein a concantration of the
sompound in the composition is less than about 10 nanomolar,
116.  The composition of any one of the preceding claims, wherain the first molety (A) is
diractly conjugated o the second moiety (B} in absence of a linker.
117, The composition of any one of the praceding claims, wherein the compound
comprises tha structure of formula (i)
A-linker-8 (1),
wherein the linker comprises at least one atom that is heterologous {o the first moiety

{A) and the second moisty (B).
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