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and S phases of {dascipegenesis is a multistage event affected by a variety of genetic
and epigenetic factors and is typified by the outbreak of uncontrolied cell
growth originated from different tissues. A universal goal for anticancer
research lies in the development of a clinical treatment that is highly effective
in curtailment of tumor growth, non-toxic to the host, and is affordable for
most patients. Drugs that focus on the inhibition of targets that are unique to
dividing cells should be effective chemotherapeutic agents without the risk of
substantial side effects. -
_ Cells pass through many checkpoints as they proceed through the cell
cycle. Certain criteria must be met in order to pass each of these
checkpoints. In the G2/M transition, the most essential regulator is the cyclin-
dependent kinase CDC2. This kinase binds tightly to the regulatory protein
cyclin B, and this complex, also called the maturation promoting factor (MPF),
is responsible for stimulating a myriad of events that lead to the cell's entry
into early prophase (1). Not surprisingly, the loss or deactivation of either
component of the MPF will block cellular progression out of G2.

The expression and activity of the MPF is regulated at different levels.

Cyclin B protein levels slowly rise through the G1 and S phases of the cell
cycle, peak during the G2 to M phase transition, and drop sharply during
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mammalian cells without detected toxicity, and supporis the view that this
arrest is due to the inhibition of the cyclin-dependent kinase CDC2.

Human papillomavirus (HPV) infection causes unregulated cell growth
in many types of squamous epithelial cells, resulting in afflictions ranQing from
benign pallilomae (warts) to cervical, penile and mouth cancer. The strong
association of these cancers with HPV and the widespread occurrence of
infection denotes the importance of developing an anti HPV therapy.

Most, if not all, viruses, including those replicatively active mutants, are
host dependent. They require the participation of certain cellular factors for
supporting viral growth. Host cellular factors, unlike viral proteins, are not
under mutational pressure and are in general, structurally invariable. Thus,
compounds that block the usage of these cellular factors at different stages of
the viral life cycle are likely to be good candidates as mutation insensitive
antiviral drugs. Several studies using cellular factors as altemative targets for
the inhibition of HIV-1 have been reviewed (11).
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makes the ICP4 gene a good candidate for such testing. Applicants have

found that both 3-0-methyl NDGA (Mal. 4) and tetra-O-methyl NDGA (MN)

ere effective transcriptional inhibitors for HSV ICP4 gene expression in Vero

cells via the blocking of Sp1 protein binding to the ICP4 promoter as shown

by the electrophoretic mobility shift assay (16).

When the anti-HSV activities of MyN and Mal. 4 were tested and

compared to that of acycloguanosine (acyclovir, ACV) in infected Vero cells,

Applicants observed that the 1Cso for MyN varied between 11.7 uM to 4uM for

10 passages of HSV-1 and 4 passages of HSV-2 without obvious uprising

trend for requirement of higher drug concentration. However, the ICs for

ACYV increased from 7uM for the first viral passage to 444 uM for the tenth

passage of HSV-1 and to >88uM for the fourth passage of HSV-2 indicating

their rapid build-up of drug resistance against ACV in Vero cells.
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with 9600 expressed genes, Applicants found products of most Sp1 regulated
genes remained at similar levels, and not affected by the drug treatment of

- cervical cancer cells C3 in culture (Figure 5). Even so, the relatively low
selective index of MsN certainly limits its use to the lowest effective
concentration if the drug must be used systemically. On the other hand,
human papilloma virus induces solid cervical and oral tumors initially through
the Sp1 regulated expression of HPV Eg/E7.genes (20). Applicants reasoned
that if drug can be delivered in sifu, and be kept only in the tumor area, the
drugs of high concentration may be used to effectively destroy the tumor with
little damage to the patients.

SUMMARY OF THE INVENTION
_Accordingly, it is one object of the invention to provide compounds and
combositions for use in the treatment of cancerous and noncancerous tumors
in animals, particularly in mammals, and most particularly in humans.
According to this aspect of the invention, novel nordihydroguaiaretic acid
derivatives are provided that inhibit tumor growth.
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Particularly preferred compounds for use according to the mventlon are

M4N and GuN, which are shown i in Figure 1.

It is a further object of the invention to provide a method for treating

cancerous and noncancerous tumors by the use of these novel derivatives,

t-N, N, N

and by similar derivatives that were known in the at"t, but have not heretofore
been used for the treatment of tumors. The method shouk_i_ be especially

effective against rapidly proliferating celi types containing the cyclin
dependent kinase CDC2. It is a further object of the invention to provide a
method of inhibiting CDC2 in a eukaryotic cell cycle, particularly in an animal

cell, more particularly in a mammalian cell, and most particularly in a human

cell.

Tumors to be treated include any tumor that is sensitive to the above-
mentioned compounds used according to the methods of the invention. In

particular, this includes rapidly dividing cancerous and benign tumors that are

sensitive to inhibition of the cyclin-dependent kinase CDC2 cycle.

The term "cancerous tumor” is intended to include any malignant tumor

that may or may not have undergone metastasis. The term "noncancerous

>



Particularly preferred conpounds for use according to the invention are
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Thi s met hod pﬁmq aprbhgad apd npﬁk cancers that are associated with HPV infection.
The method comprises local application of nordihydroguaiaretic acid
derivatives, in particular tetra-O-methyl nordihydroguaiaretic acid (MsN) and
tetraglycinal nordihydroguaiaretic acid (G4N), to cancerous and non-
cancerous HPV-induced tumors. '

It is yet another object of the invention to provide a method of inhibiting
viral replication and growth by the administration of the compounds of formula
| containing amino acid substituents. Preferred for use in this method are
compounds in which the amino acid substituents Ry, Rz, Rs and R, are
identical. ' |

it is contemplated that M4N, G4sN and other derivatives will be
administered by local injection into the tumors, generally along with
pharmaceutically acceptable diluents, excipients and can_'iersl in preferred
embodiments, MyN is injected into tumors in the form of a DMSO solution,
and G4N is administered in PBS solution. The use of GsN will complement
the use of MsN, particularly in larger tumors (> 2 cm®), due to its water
solubility, which allows it to spread to a larger region of the tumor. Other
water-soluble and water-insoluble nordihydroguaiaretic acid derivatives can



inhibiting cell proliferation, particularly in rapidly dividing cell types.
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are used i wahnesdoseat ment of HPV-induced tunors. HPV- i npegeshobssi®r S

include in particular, but are not limted to, cervical, oral, penile and
head and nbelsnrmlmyenmldaymt aemm'dmgstod\eammhtmt ﬁ‘hbﬁé/mayfadsdi ben. The net hod

par i cul ar SPEvea 8 inif Ropd Ptnohiafs B Salpiels Ebenofarmand Vo 1"

tetragl yci uged inthdiaftydr oguai areti c aci d (G4N) t o cancerous and non-

cancerous HPV induced tu i .S, Y& r}ot her.o 'ec of  the invention to
provi de a net ho@ Pafmﬁ?ﬁgﬁ‘fﬁ |M§°°?/"?t?%¥ dﬁ'ﬂ?ﬂ P EEIPHD BéQPUW%'sby t he
adni ni st r agrieant Qichtdwnmm @B Wil Bé khowntd persons e kil nﬂltna aftrdsBeing | d

substi tuents. fer use, i th| t hod are ounds in which the
ani no aci dogruegffh {1384'\{:@4"‘@“ ﬁge ?( eawetweﬁc?é\%s "Ble fof local
cont enpl at Q&nH'hﬁaﬂW% aHhihhan ot diﬁé't%alﬂﬁfal éiﬁdrdiﬁétd‘tﬂé inténtiopdm ni stered by

|l ocal injection into the tunors, genera al o pharmaceutical ly

accept abl eA&hthg exemelesumlabaﬁw d@&@rmeea@mmn gramrebﬁmwsaﬂm nments, MiN
I's inject eﬁ# % al‘ls‘{'oftlB fa‘ammuelfrat;an%(ﬁrfﬂa*sﬂqo pncaﬂ&\ GFN i's
'PBS so W |

adm ni stere ut 1 on. use o corrp enent the use of
MAN, part |@'ﬂl¢i¢¢5‘eh‘4¢f¥$§rﬂﬁﬁum9hﬁﬁ may aisebg usethe to its water solubility,

which allows it pelces) gqulﬂ
wat er - sol ubl e Tl?%@?%@géﬁ]ﬁghgﬁﬁgﬁnﬁ H ro oggalug?%tr? C a([:ilt erivatives can
6 WD 01/ 28effect milivansbot caavohe readdy detﬂnnmedWmepsqmaf skillietheiamtg to the
i nventi on. '%ﬁa{: g‘g}n $ons for
systenm c deﬂ?géﬁy@égs s§ (11 o MFHH'@? %nhgéﬁ%ng?rraceu '?cal |y
accept abl eangi dependent Mamireumstaands. mmantyrcm the sizecand typedifi twoomounds as
will be kn t ibhle with MN,
N ang ot fighelsh AGRRRDS fon 1Y tig to 20 ofiine? MRFiBRe of AR irhithe |
amounts of G4N per gram tumor weight at intervals from dally to weekly or : .
less frequently may be mentioned for purposes of illustration. Administration
of 50 pl to 100 pl of MyN dissolved in DMSO at a concentration of 200 mg/ml,
either alone or in combination with G4N, is expected to be effective in many

cases for tumors of 1-1.5 cm®.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Structures of MyN and G4N

Figure 2A. HPV-16 LCR showing region of Eg/E; promoter (pPV16P97) and -
the binding site for Sp1 protein.

Figure2B. The effect of MyN on the E¢/E; promoter activity in C-33A cells.

(Inhibition of Es/E7 promoter driven luciferase gene transcription by different
concentration of M4N)

Figures 3A-3C. Inhibition of Viral Es and E; RNA Transcripts by 40uM
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concentr at i gdivo HiesiDora pGMT Véttsr utedris size mariersbThe aimplifivation GAN, is
expected to be effective in many cases for tunors. of 1‘“11%%ecrr8. BRI EF

DESCRI PTI ONmap (RG) insligatesithe twa @xpested sizq pradugtsof the agp NN Figure 2A

HPV-16 LCR shqi he BitefnalePéicing TIRS Barly Wiraf ENAifansuigt. the bi ndi ng
site for Spi _pro@rﬁﬁthgggreaZB.ﬁTWg effect %f ‘MAN on the E6/E7 pronoter

activity in G33A cells. (Inhibition of E6/E7 pronoter driven |uciferase
gene transcrdt.l by ki SWIH BV | of MAN) Figures 3A-3C.
I nhi bi tion ffdl{'/él A Egﬁa%ﬂ%?\&arr@gnscr%@by 40pM 7 \D 01/ 28494
PCT/ US0O0/ 28612 MAN. Total RNA isolated fromC3 cells treated wth either
40M MAN or Ney i ' "hﬁjl( R ' dto
relative RTE@QeQ!ﬁ%e HPE’@'E%D ggﬁv?g?wré%ve after ?\?g%%mg cycl es of
anplification and resolved on an agarose gel. The gel photographs (3A and
3B) indicate. c : ) - ORag (=) gf N in
the orowt . e SRS BBt drafaPbP N Sollensicn 162 BORERF Earimel by | O
The anpli fi dhe GENE Assay analysis. 5A. GENE expressed in C3 cells after > 2 hours

of DMSA treatment (C3 DMSO). 5B. GENE expressed in C3 cells after > 2

hours of MsN treatment using DMSO as solvent (C3 MsN).

Figures 6A-6B. Visual observations of tumor-bearing mice following MsN
treatment. 6A. Mice bearing single tumors were treated with in situ injection -
of DMSO (#3) or M4N (#7). In situ injei:tion of M4N was also made to one of
the two tumors grown in mouse #9. 6B. M;N treated tumor (white scar) with
untreated tumor from the same mouse, #9 as described in Table 2.

Figure 7. Histopathology Effect of MsN and MsN/G4N 6n Tumor Growth in
Mice | |

First column from the panel presnts the large size of tumors from
mouse #4, 10, 12, following DMSO treatment (CON) as compared to the
relatively small drug treated (M¢N or MsN/G4N) lesions from mouse #12, 10,
27 and 20(MsN). The subsequent photographs are examples of these tumors
examined at 100X magnification (A, B, C, DMSO treated, D untreated, E, F,
G, H, MsN or MyJN/G4N treated) mice (Table 1 and Table 2).



map (2C) indicates the two expected size products of the anplification,
resulting fromthe alternate splicing of the early viral RNA transcript.
Figure 4A.wboningasd i on of C3 Cell G owh by MAN Fi gure 4BcThséwiséizi on of C3
Cell Gowmh Follow ng the Renoval of MAN Figures 5A-5B. Effect of MN on

gene eXprqsgmgralngg% f‘eﬂhb@t@tsnwebmdebvdrdgbwm HSVBCRrAihes Sf)lvrs o
expresse In ce S arter

5. CENE dpsenceef ingffective dryas (ABPS l"ggyiﬁggp }wgﬁ’gﬁ‘h‘%ﬁf’?usu ng DVSO
as sol ventg v{oQﬁtﬁ@h?eseﬁwufeﬁe&ﬁeeﬁlq\ﬂ\(muq’fusmaﬂryﬁd AGY [aisyLnor - bearing.

m ce foll ow treat ment ce bearing smgleturmrs were treated
wth in SIAQV%)?J ection of DVSO (#3) or MAN (#7). In situ injection of MAN
was also made to one of the two tunors grown in nouse #9. 6B. MAN treated
tumor (white scar) with wuntreated tunor fromthe sane nouse, #9 as

descri bed Figuiia8! 4N, cmmsmwatmwamw& @d)@N and MAN G4AN on

T G f
umors. f  oiMely B4, ahy -1 58t ke 38 Wi BBRendRoRScHtRtbllF of 07 2 220 0
to t he r digN.i The number bf cbllsg:resmatatﬂle(mmattmofmalemljmelﬂSs ons from nouse
#12, t f th
Cumors " eaiRRd SR DAER% A TrBE AT R ot of Wbl o wer cBIReR® 0} (o70q
E, / 5134(934 dnd plé / Uﬁéd)velhﬂj:ltﬁiflmm lcememkhtim cte) (CBad:dlls weresplitinfol ©28) . 8 WO f
01 ence o
drugs (HSVE CI @895%%8 ﬁ"st ‘Féwaﬁlf 32% HE'E“ Sftﬁ?'ﬂ‘gf'\?@c kﬂng Ptu'gg‘"% DS1 ["HSV
/[A\Bagl\/ J4 . A&DS@_ OMSH- |A'm' v }:Algifem media iuhapge)sel\ftee 3afaysf 6meshalf of g\ r ugst ( MAN

- ur.e rrest. in
Manmal i an '&ﬁl‘g’ ﬁ%eéfe ’e(%;(’% ggia ?ﬂ?'nl'ﬁg ?"@S\%EWT reated with
different pRWHBthetdsoosthefcelldWire di ha\ fresthmedid wittethessames serdditionts t he
initiation sggorEcP megla cl %'nHE)”tThe cells were counted daily and plotted versus the

time of treatment.

Figure 10. Cells Treated With M;N Arrest in G2/M. C3 cells (a), C33a
cells (b), CEM-T4 cells (c), and TC1 cells (d) were grown for three days in
media containing either 1% DMSO or 1% DMSO with M4N (MsN). The cells
were trypsinized, fixed with ethanol, stained with propidium iodide, and were
subsequently analyzed by flow cytommetry. The data is displayed as number
of cells (3-5 X 10* total cells) versus propidium iodide stain intensity. The
indicated stages of the cell cycle are labeled and correspond to the relative
cellular DNA compliment as determined by staining intensity.

Figure 11. C3 Cells Treated With 40uM M;N Demonstrate G2 Cell
Structures. C3 cells were grown on coverslips for three days in media
containing either 1% DMSO (Control) or 1% DMSO with 40uM MsN (M4N).
Samples were fixed with ethanol and incubated with antibodies against a
(green) and yorange) tubulin (a) or with the DAPI DNA stain (b). Cells were
examined by flourescence microscopy.



i.ndicated as Day 0. After three days the nunber of viable cells were
counted and plotted versus the MIN concentration. (e) C3 cells were split
into T-25 fv&@mﬁ,@mth 5 X 103 cells per flask and given gictthRbo M in 1%
DVBO in nedia or 1 % DVSO in nedia alone (first nedia.change). After 3

d h fag th t
only 15oveoTIgpRiyR. |EPERbrd ORaPOnEBbete Sehanl Gl by SN, T 21\ 9,
t he sanme comkreigoown for diftevent arecunts ohtimgdénumbeére areirl Bours) in mediat ed dai | y

VAN Arrest R iRg btbr io Bg0 b BEAT Doy 4G kEadvikh: aeERE) "org

TCl cel | s ( dpevified timesytotdl proteinr ardobRMA was isekited tomithe ocellyy eit her 1% DMSO
ni ze fixed with ethanol,

1% DMBO Th || t
ot at nedt o x VERta Blet{a-som B PaRRISNSE Pesipbdl Hamo A thadies SGANSY 1 | ow
cytommetry. Cihe2 dréyrlihB Witk Hetdifle ARrodEiede filkk. Kidse ds3ays ¢4 -104 total

cells) versus propidiumiodide stain intensity. The .indicated stages of

the cel | cydotontwopanels) wers getfgrmad, &WM’"’!Q}'“’EW@‘%F@PW@“‘!@T | ul ar DNA
conpl i ment  antigsdies 6 Etin Bg:ﬂﬁ’duﬁh With §1%2p WP Emﬂm ﬁ)néjl-ﬂ GPpéel | s Treated

Wth 4pM MAN Denonstrate Structures. S were grown on

coverslips P@pnxaﬁslsét%ayéther%@&ml lsdﬂ?lt’@@ﬁ?ﬁgo@m‘ fﬁ@rrloqdmmvma(seont rol) or

1% DVBO Wi t asdpMo P@NaﬁWhourﬁ tfﬁ‘érﬁs% I’f%l’h‘fédeé nd i ncubat ed
W th antlbodles al nst a regj%) yoran I n a o "with the
DAPI DNA stain (bf?) rthexs blgts\&b)wer%mfﬁmed cwo tersonerepy. 9 WO

01128494 P LSt '@P%E &)%rca? are Reduced by
MAN. C3- celcl-l_ié&%age %‘F%gﬂagld%&e?en am)un yNtl ne ers are in
hours) in rr@A%Dchaslwdwang espommrh%fmme(@ysoﬂhg samn/mﬁewaa 40 pM MAN
(M. After @g@ b'(ﬂg? protein or total RNA was isol ated
fromthe ceHgg. t sfgrn 'ﬁ?ﬁmﬂﬁ op two panels) were perfornmed using
anti bodi es agai n8PCRGIRGysis (o) ywasi performed onttbtal BNAsextiactsowith prihesse filter.
Kinase assaygytdizing to regions within either HPV-16 E7 or GAPDH. Both primer pairs

were used in the same reactions, and the products were analyzed by agarose

gel electrophoresis.

Figure 13. Electrophoretic mobility shift assay (EMSA) of G4N interaction with
the HIV Sp1-binding sites (-87 to -49). (A) G4N inhibition of Sp1-167D binding
to 3P labeled HIV Sp1 DNA template. Lane 1, template alone; lane 2,
template plus 0.1ug Sp1-167D; lanes 3-9, template incubated with increasing
concentrations of G4N (0.25 to 1.75 mM prior to the addition of 0.1ug Sp1-
167D. (B) G4N displacement of Sp1-167D bound to HIV template. Lane 1,
template alone; lane 2, template plus 0.1ug Sp1-167D plus 100-fold excess of
unlabeled template; lane 3, template plus 0.1ug Sp1-167D; lanes 4-10,
Sp1/DNA complex challenged with increasing concentrations of G4N (0.25 to
1.75 mM); lane 11, template incubated in reaction buffer containing 1.75 mM
GsN. (C) Sp1-167D displacement of G4N bound to template. Lane 1, template
alone; lanes 2-4, template plus increasing amounts of Sp1-167D (0.075,
0.150, 0.300 pg); lanes 5-8, template incubated in reaction buffer containing'
1.2 mM G;N followed by challenge with increasing amounts of Sp1-167D
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bottom two panels) were perfornmed, follow ng i munoprecipitation wth_

anti bodies to cyclin B, by incubation with y-32P ATP and hi stone Hl. The
coonassi e vidh ad/dzaaf the PAGE gel is included as control POTUBWARGGIAG. Ki nase
assays fogl67“5@%5%360’(&9)‘1[#3ﬁlﬁ@éVQ@HBSpWG?DO?DfﬂBP@ﬂ separatel y.

Nort hern ots wereﬁerforrred on total RNA extracts. Filters were
i ncubat ed W@ﬁhl“@lﬁpww /PR ¢¥h@@ﬂm&§@laipmtmr CDC2 or GAPDH,

washed, t ot ey f i £ s wused to
t est mﬁﬂré?é%i&%éﬁwﬁéd@%g glndaélg?/gﬁ' Qﬁd S@r for rr.ir-aﬁéa éﬁl&?ot al RNA
extracts usechwgre ﬁ%rrmn-ﬁmmmwmmcndamugmu@amﬂMmmewmsw 16 E7 or
GAPDH. Bo and the products
wer e anal %g%rg@ba&c&gn gélgé% asvﬁ'r{s% Wﬁr %ﬁgﬁgg@?@@oﬁﬁg I%F“IEI ectrophoretic
nmobility shift assay (EI\/SA) of AN interaction with the H V Spl-binding
sites (-8, 449) 1 ule i-nhi bi t.jon,of | - 167D |nd|n 32P | abel ed
HII \% Spl( Dﬁﬂé“?%ﬂgr Ql“é@'hﬁ?%"%ﬁ%f‘%‘?g tlgpg%&l,vaﬁ%lg(g) ﬁ& aé‘g" ‘plus 0.1 pg
Spl -167D; lanes 3-9, tenplate incubated with increasing concentrations of
G s S o e e 481 o e g £ G

| ane 2, tﬁmbamusl uarvestmk%w\lﬁ?dazﬁw?rﬂggg 2 fb@@éﬁﬁ)&t?lﬂ} gﬁeAl ed

anes p

Compl ox  cFSlE WRGLAFSiFRander ands 1P EolndbDP medummesAdges 95 (o 1. 75

mV) ;| aneedch wéleapdhaéeess-%ubmw vaﬁooeasﬁdea&am&sfareméﬂéﬂ ng 1.75 nM
AN. (C) &'{167D di, spl acenent AN bound to tenplate. Lane 1, tenplate

hpmadestoi Were P&Rﬁeﬂ and addedtp earh pfitke six designed 7D (0. 075,

al one;

0. 150, 0 ﬁ@ﬁ) Cﬁﬂﬁueh aén%wéré%llé’ét&d hﬂéﬂé@l‘éﬁh él@hf daysifoPirdtuf f er.

cont ai ni ng .2 MM AN foll owed by chall enge with™i ncreasi ng anounts of
Spl - 167D Rig m«w Virghprodyetiongeasassayed by a modified pa7 sapsidg) , | ane 8

recei ved potei Enﬂégpca;ﬁﬁae ELISA a3fdedbey lﬁ@xﬂgmﬁght‘aﬂ-@g%w conpl ex band
intensities in response to

Figure 186. Inhibition of HIV p24 antigen production in H9 celis by GsN.

Inhibition in percentage was calculated by oompaﬁng p24 level from an

average of two duplicate cultures of G4N treated and not treated H9 cells 9

days following viral infection with a AZT resistant HIV strain, HIV-1RTMF.

DETAILED DESCRIPTION OF THE INVENTION
Experimental Methods
NDGA derivatives were synthesized chemiéally (15). CelllineC3is a
HPV16E + L plus activated Ras transformed cell line of C57 BL/6kh origin
provided by W. Martin Kast of Loyola University Medical Center, Chicago,
lllinois, U.S.A. 1t is maintained and cultivated as described by Greenstone et
al (21) and Feltkamp et al. (22, 23). '

Synthesis of G4N:

Standard Procedure for the Preparation of meso — 1,4 — Bis [3,4 -
(dimethylaminoacetoxy) phenyi}- (2R,3S) — dimethylbutane Hydrochioride Salt
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i.ncreasing concentrations of N used in (A) -- and (B) -.--. The gels
used were 5% non-denaturing polyacrylamde with each |ane receiving 5 pl of
each reacti avowpisusye as described in experinmental section pengismgiseid 1] -
Figure 14. Inhibition of HI V. Tat-regul ated transactivation in Cos cells by

GAN. g Fi gH] ¢e£k5gly€rh mmmvorrtovu dibhipromsethase (ﬁscml)lzoman baﬂtzamm%el I stwere
m xe W a rves S n or WO
hours at 37ND%K1%§\%ﬂ§3r’B§1?§H aﬁﬂij‘?’{'ﬁ:agﬁ?%‘@é'ygmgéégg é%“”madl um
wer e added Frﬁnoles%dlﬁ\gwéréahhé@bﬁiﬁ(sﬂb BéAinfiso), eleéeguwyaﬁ@mmr ations of

&N froma fresh stock were prepared and ad to each of the six

desi-gned wig-B2 Qolgﬁmm%ubgﬁﬁ%’hni@ %@F@%W’W@t"@f sliredifor 4P and ei ght
days Tor V! hiter MirGgelt bt Pt rﬁéfa\tare it tn@ FaEh niRuiERad ARiKa] bY 3

nmodi fi ed p2 capsi protein a en capture ELI SA as
exper i ment athessalutiomwasicgueentrated ul'ﬁhflfﬁ uced ppessure; pcetong (250ml)pr oduct i on

in HY cells, gy tﬁ'éri\'addéa‘ﬁh@{ﬁé r@?ctio'ﬂ Jﬁ%f(%ﬁﬂttﬁggo n%h%@b@%ﬁﬁm conpari ng
p24 | evel froman "avera WO duplicate cu ur es reated and not
treated HO extdss HCL(g),yﬂ'heMatmd@le/pmipttatﬁwas dissolwed in H2QA\ZMd resi st ant HI V

Vet hos DGR R & obih eieire dhindeeltte o e L. 2 BE 1S

a HPV16E +mimgl) as aawhite/sdliddn Bd% yieldn ProtoniNMRBaspectra werebbtéimedideah ori gi n

Pl P nor s, L vanan Uritviadbiaba M dtufhmeley By Hae b5 sBRenf FRLESE AL canct one
gt . alj ( 21]2 iréthaFstahdardp @érbo:h-13(NM? sﬁ8¢tra werd bstainedai £>¢htiarbUaitgar d
rocedur e

(di met hyl anf 2h8;§£® @[@; ?fé#fﬁgﬁe? EF? 95?20 a&ﬁ?i‘ﬁ'?yl[éaé’fﬂé"mgﬁﬁ oride Salt

WO 01/ 28494smﬁ§/ak59&é?&ﬁéatoE@waM?Iem? AN. To a di chl oronet hane

(256 m) solution containi nggs 42°3 mol, 1.0 equi v) and NIN,
-di met hyl gl yci ne (26. the;synt 'slﬁﬂﬂp'“@lﬁ‘gﬁlﬁ'% Twere added DCC (52.4 g, 254

miol , 6.0 equiv) and DVAP
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(2.32 g, 18.9 mmol, 1.0 equiv). The reaction mxture was stirred for 24 h
under nitrogen at roomtenperature. After the reaction m xture was
filtered, womsssal uti on was concentrated under reduced PEBHESNOL28G12 Acet one
(250 M) . was then added into the reaction flask and the sol ution was.
bubbl ed M?f“eé'xcess HCL(g). The water-sol uble precipitate. was di ssol ved
in HO and re- precipitated twice at roomtenperature fromacetone to give
(1) (29, 2 g, 36.8 mol) as & white solid in 87%yield. Proton NVR spectra
were obtained on a Varian UfEty-400 (400 MHz) spectrometer by use of D20
sol vent and TSP as. internalistandard. Carbon-13 NMR spectra were obtai ned
on-a Varian Unity- 400 (400 ) spe@oneter by use of D20 as solvent..
Carbon-13 chem cal shifts g refer@vced to the TSP singlet (80.0 ppm.
The synthesis is depicted in he EI 12 WO 01/ 28494 PCT/ USOQ 28612

Schemte 1 r . r s ¢ aau /i°$':/k00uz Oys oG yv p C S

cl
N

ct
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Ma IIN

Mo N

HCl

DCC. DMAP
CH\Cl,

T

cedy

\
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7 -0 13 WO 01/28494 PCTI USO0/ 28612 General Procedure. Al reactions were
carried out in oven-dried glassware (120C) under an atnosphere of

ni trogen, ukyEHRssds | ndi cated ot herwi se. Acetone, PCT/US00/28612
di chl or onet.hane, . 1, 4- di oxane, ethyl acetate, hexanes, and tetrahydrofuran

haged, ' | oS Bri | i ' ith 4A
ol ecul ar o BT b A el e B e Dt
hexanes wer €120°C3 #ndetianiatmosphete of niiegerkienless as inlieated othenwise.
oo of At LR e Aldiolit: Ayl SRS HIEE Ehd =02 0P ehone

under an atnosphere o rogeh. ual aretic ac was purchased
from Fl uka Gteatiydedfuam weéieNduretizised dioohMailincknotibOhemicabCoDABtone was

o ek ek oo A
’CA{: (FjYEt h¥| %:1 ydnﬂewlexands Vplret’él‘ldltie_whlﬁuitﬂbt_iﬂedcﬂ‘dm bu-lﬁdatezmaxmeﬁam?isé ed from
ric enic . Ana c in |.ayer chromatogra was
per f or med o[&?ﬁ%’@%ﬁ’@i‘ wﬂéa‘tr .by(£§tﬁlﬁh%{¥§%'f“ sgiym Ega)b,eﬁﬁgﬂéﬁﬁ'ggéd from Mer ck
Inc. Gas chp & : &0 . j ifRAic@ei ckard 5890
S TS 86 BenbéKher ﬁhmgén wgrglgpﬁbg‘r]%lg?i Ilc:yr?@gherrgf’ ﬁ?lhsgs?l I cone gum

Series Il instr nt, equipped wth :

capillary cdf {L‘i‘ﬂcﬂ?’%ﬁﬂ‘l rO. NN’ 'Wcﬁgdmgedpgtp)as a carrier gas
~and the f'OMiMMiﬁﬁyﬁdinGWWﬁméﬁphélﬁ\é?tﬁéﬁléminﬂ?%nﬂ%%ldﬁﬁ‘ tine tR
was neasured under” the ol low ng conditions: injector tenperature 260C,

i sot her mal ~ carRaRate werRayrghased fror Merck ince ArBspencclFhloraprepane, BNr esol ut i on
 mmSS Spect r alime LYBRE, dIRT AeBS] BASCPRGr@Rrbrdatd bl Backaid RAR0 Serics 11

i nstrunment equi pped \ ett-Packard 5971A Mass Sel ective. Det ect or
‘and a capi IAldrigh ¢pemicabamm. Separations by medi um pressure liquid

Shen” e PR MRS IIL) Yee Upiphadly iy Y e of @
_ plates (silica gel 60-FC1254), purchased?om Merck Inc. Gpas chromatographic
N analyses were performed on a Hewlett-Packard 5890 Series Il instrument
equipped with a 25-m cross-linked methyl silicone gum capillary column (0.32
mm i.d.). Nitrogen gas was used as a carrier gas and the flow rate was kept
constant at 14.0 mL/min. The retention time tr was measured under the
following conditions: injector temperature 260°C, isothermal column
temperature 280°C. Gas chromatography and low resolution mass spectral
analyses were performed on a Hewlett-Packard 5890 Series 1l instrument
equipped with a Hewlett-Packard 5971A Mass Selective Detector and a
capillary HP-1 column. Separations by medium-pressure liquid
chromatography (MPLC) were performed at a flow rate of 120 mL/h by use of
a Jasco Model 880-PU intelligent HPLC pump. The MPLC packing material,
Reversed Phase Silica Gel C18B (particle size 0.035-0.070 mm), was
purchased from Knauer Co. Purification by gravity column chromatography
was carried out by use of Merek Reagents Silica Gel 60 (particle size
0.063-0.200 mm, 70-230 mesh ASTM).
Infrared (JR) spectra were measured on a Bomem Michelson Series
FT-IR spectrometer. The wave numbe}s reported are referenced to the
polystyrene 1601 cm~1 absorption. Absorption intensities are recorded by the
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Reversed Phase Silica Gel Cl18 (particle size 0.035-0.070 nm, was

purchased from Knauer Co. Purification by gravity columm chronmat ography

was carri eWosu2849¢y use of Merek Reagents. Silica Gel 60 Kqramsoi/edee2 Size
0.063-0.200 mm 70-230 nmesh ASTM. Infrared (JR) spectra were neasured on a

Bomem M cfghcuing Seibiebfatiofs:d, Bramg,eh et w, Wak. rn NURipbotigpor { ed ar e

referenced to the ol ystyrene 1601 cm sorption. Absorption intensities
are recor d¥Rfeobtaingd on 3 \gyan, '!Uzﬂ?b @@ﬁh’]@gﬁPﬁﬁﬁ’ﬂemf By ueR\phg20 |

abbrevi at i ' P ; | iaci ; ; pectra were
43'Solvent ahl aﬁ‘ri]\iﬂnetﬁyls Z%uganl\lﬂ%?u&%urﬁ’%a& a8 nd}%ﬂyﬁaﬁ

obtai ned on a Varian y-40 spectronet er use of - D20 as

sol vent arfiersiard.(G3rbeRyISINMER spectip s edbtaied onsMatan Yaity-48@ (100 er nal
V) opectHERRCmENT LiAplich 4O seeRl Ciibiit 3 il bl 10 %0
r ef er encedelepended todhe eentsr of the 3xfrimethylsilyhpropianje agid csndium salhci'd, - sodi um
bbr evi at Fidet € g0 el Mightiiefire fodoldSt 1] e IERRAAE doptypiigne: ) | O "¢
mul ti pl et s, singtetiid) Idoublet;dnisipletitq, quadet; m) mullipiet; J.cooupling constants spectra were
meso. 1. apbeahrrieeflynames SEeat e o8 B B ol BRRty it ane
Hydr ochl ordM8HXAN0 nt@ys speetremeterut i on of NDGA (1, 12.81 g, 42.37 mmol, 1.0
cau ) e R ARt AR S5 B et o' i
and DVAP (HydiodhlaridedSalB(2),Twa solution efNDGA (1TH2.81qpdRi37mmoktil0 e was stirred
[0 2o R Bl N B3R ST, 204l G g oo urea 1 the
under r edufictiorometizarnec(250eul)wes dddell DG (5545 hhedd.2datndl, 6l equiv)e residue
and e B G 4 02 Lt Y S, e o5 et e e ) P L2
t enper at urfer 24h under Aitrogén &f'room tfmpefatureb AftepdicycloWexyiurédintlei N 87% yiel d: *
1H reaction mixture was filtered off, the resultant solution was concentrated

under reduced pressure. Acetone (250 mL) was then added into the residue

and the resultant solution was bubbled with excess HCI (g). The precipitate

was dissolved in water and re-precipitated twice by use of acetone at room

temperature to give 2 (28.97 g, 36.86 mmol) as a white solid in 87% yield: 'H

NMR (D20, 400 MHz) 5 0.78 (d, J =6.0 Hz, 6 H. 2 x CH3), 1.73 (m, 2 H. 2 x

CH), 2.38 (dd, J = 13.2, 9.6 Hz, 2 H. 2 x ArCH), 2.78 (dd, J = 13.2, 4.4 Hz, 2

H. 2 x ArCH), 3.03 (s, 24 H. 8 x CH3N), 4.53 (s, 8 H, 4 x CHzN), 7.22

(m, 4 H. 4 x ArH), 7.29 (d, J = 8.4 Hz, 2 H. 2 x ArH); **C NMR(D-0, 100 MH2)

0 18.11, 40.82, 41.73, 46.75, 59.59, 125.79, 126.58, 131.63, 140.66, 142.47,

146.11, 167.84; IR (KBr) 3461 (br), 2963 (m), 1777 (s, C=0), 1620 (m), 1478

(m), 1377 (m), 1210 (m), 1106 (m), 961 (w), 852 (W) cm™; MS (FAB) of (2 - 4

HCI) m/z (relative intensity) 643 (M+, 30), 600 (20),558 (43),515 (20), 473

(42), 430 (13), 388 (26), 185 (18), 93 (38),58 (100), 44 (22); HRMS (FAB) of

(2 - 4 HCI) calcd for CasHsoN4Os 642.3628, found

642.3614; Anal. Calcd for C34Hs4N4O3Cly: C, 51.78; H. 6.90; N. 7.10; O.

16.23. Found: C, 51.70; H. 6.85; N. 7.05; O. 16.21.
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NMR (D20, 400 MHz) 5 0.78 (d, J = 6.0 Hz, 6 H 2 x CH3),1.73 (m2H. 2x CH),
2.38 (dd, J = 13.2, 9.6 Hz, 2 H 2 x ArCH), 2.78 (dd, J =13.2, 4.4 Hz,

2
H 2 x A CHwodde(S, 24 H 8 x CHBN), 4.53 (s, 8 H 4 x ,-2)22 (m 4
H 4 x Ak 584 3= 8.4 Hz, 2 H 2 x ArH): 13C NVR(D20 01 LI
B

18.11, 40.82, 41 46 75 % . o _ 142. 47,
146.11, 167.84: F@t%ﬁﬂ%ﬁgﬁ%@%?}%@@%# ?@9#?ﬁe&%§%@§§&‘(m 1478
(m, 1377 (swbstiited apmino atitéfaddifonadaminodcid Sutsstitutpd compofidg 6%tBE of ( )2 - 4
HCl) mz (relatjve, | nsity) 643 (M-, 30), 600 (20),558 (43),515 (20),
473) (42),( msnhrgygﬁ%‘%wgtb%%e '85 El8), 9%%'(38),(58 %100),(44)(22);(HR|VB.
(FAB) of (2 - 4 HCI) calcd for C34H50NA(8 642. 3628, found 642.3614; Anal.
Cal cd for 4H54 Cl4: C, 51.78; H 6.90; N 7.10; 0. 16.23. Found: C,
51.70; H 6-88MPR 17 05; 0. 16.21. 15 WD 01/28494 PCT/US00/28612 It will

be appreci agg@cet 6t N dnd evaral thetDGA dérivativedf ofSPRfegiidted HFY hy|
substituted_am no acjds, additional am no acid substituted conpounds of the
i nventi on cEefEm@rapater@stvie. Exanple 1 Effect of M4N and several ot her

NDGA deri vati vesTRé effBet orMUN Mt severaf otfiét NDGA deiRhNesastt | Vity. The effect
of MAN and several other NDGA derivatives of SPl-regul ated HPV E6/E7

pronot er acBRIrregulated HRY Eofepramotey activif wasiexarained aisingJueifesase ﬂ!hedas say )
(o] d YoA M| . to t
epends upog (Lhidr’ W&%gp@éA@ﬁgAgrya&@gFéﬁgﬁ RPYYEILLR used to the

| uci ferase reporter gene | ] ) phosphat'e net hods.
C33A is a céreripsemotenhivsed to thel lugiteraseneporterganesinteCA3A cplltBbB1) t hat does
-not contain | b Rld ctors
necessary fgél e?5(1'"? gﬁﬁ%{h%gg‘re E@Séls% 03& ? tﬁecﬁéf‘tég'?'%%"g@ée%%@r}m er. One day
f ol | owi ng Dricassionsia HTBA1)that does notgntainanyintegrated 4PViBNAIEd with t he

e, O TG o i AR 15 st b ry Y o1
gene promoter. One day following DNA transfection various drug
concentrations dissolved with the help of dimethyl sulfoxide (DMSO) were
added to the cells. Thirty hours after drug treatment (so that the assay is
complete within the standard forty-eight hours for transient transfection
experiments), the cells were lysed and specific luciferase activity was
determined (Luciferase Assay'Systems, Promega, U.S. Pat. No. §,283,179).
As the MyN drug concentration was increased the specific luciferase activity
decreased.

‘The results (shown in Figure 2) demonstrate that M4;N dramatically
reduces Sp1 regulated transcriptidn initiation at the HPV Eg/E7 promoter in

luciferase assay.

Example 2
Inhibition of Es/E7 mRNA synthesis following MsN treatment

Inhibition of E¢/E; mRNA synthesis following MsN treatment was
measured by RT-PCR in cervical cell line Cs. Relative RT-PCR was
performed with quantities of total cellular RNA standardized to the cell
numbers counted. The RT-PCR product was analyzed on a 2% agarose gel.
The results are shown in Fig. 3. The RT-PCR results indicated that the
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conplete within the standard forty-eight hours for transient transfection
experinents), the cells were |ysed and specific luciferase activity was
det er m nedwLmzsder ase Assay Systens, Pronega, U S. Pat.pdgysobyzst$s, 179) .
As the MAN drug concentration was increased the specific luciferase

activity 4iRsiifRaTBDNAS bﬁhées(yéétéd éﬁbwm (32ibpy afd B6 @osbppiverd € t hat MIN

dramatically reduces Sl regul ated trapscription initiation at the HPV
Es/ E7 pr orﬁﬁt%‘Fte d ip the AMBSE; ¢ celis\as early,as, erCE 22of amplifigation. £9/ E7 nRNA
synthesi s fﬂésb%wpmmwaé BBy aétebtabrehﬁméémﬁ%ﬁiem synthesis
foll owi ng MAN treat nent measur ed by i'n cervical cell line C3.

Rel ati ve Fextracia W‘"Q@pﬂﬁiﬁﬁef amplificatiom |3é'!9"8¢d praductsoueneul ar  RNA
dard | d
st andar di zgede gy ?mn&ﬁkfkemprgg@ﬂ;g Jgggarsﬁf#m{ Iilﬁasgn,?@gugq:ﬁ%vﬁge was anal yze

on a 2% agar ose gel PCR results
i ndi cat ed HW16-negative G@3a0elldideo4 PCT/ US0O0/ 28612 anplified cDNAs of the
expected size for E7 (321 bp) and E6 (204 bp) were detected in the DVBO
treated cells as early as cycle 22 of anplification. These sane products
wer e bar elBxatigile8t abl e i n t he: dr ug treated RNA extracts follow ng 30

eyeL s o Bl oF BN o3 HRN SERRRLBAIRRR T °, S LS for A ",
cell line. Examfw16 ﬁaﬂs&tmteddmmn‘rtatmwseebltmlateélb (GB@etid) eareMAN t r eat nent
Y. o g8 T Pt B 56l A b8 12 S Bl e o " o
gi ven gr owivengréwth mﬂraaddnmnéwmmﬂlcﬂs’sdwd? 1% DMSD/ Whilene f%t the other
oo e aheaoot B oy et DU, Thermdboy ™"

are shown in Figure 4A. Within 24 hrs a difference in cell morphology

between drug treated and control C3 cells was observed. The Qrowth and.

division of the drug treated celis was markedly reduced in comparison to the

untreated control, while the fraction of viable cells compared to the total cell -

count remained constant for both drug treated and DMSO only control celis.

This indicates that MyN dramatically reduces cell division. '

The effect on C3 growth following removal of MyN from the medium

was also examined. C3 cells were plated at a density of 10° cells per vial. At

time=0, 2/3 of the vials were given growth media supplemented with 40uM

M;N in 1% DMSO. The remaining vials were given growth media containing

only 1% DMSO. After 73 hours, 1/2 of the vials that had received MsN in their

growth media were washed and media containing only 1% DMSO was added.

The other 2/3 of the cell vials were washed and replaced with the same media

administered before. The resuilts, shown in Figure 4B, indicate that the rate

of cell growth was not notably increased in M¢N treated sample following the

. change to drug-free media, indicating that MsN continues to significantly
reduce cell division even after its removal from the extracellular environment.
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between drug treated and control C3 cells was observed. The growth and
division of the drug treated cells was markedly reduced in conparison to

the untreakgglog@pdsr ol , While the fraction of viable cell $cqarBHBHR L0 the
total cell count remained constant for both drug treated and DVSO only

control cel léta&ﬁghs i ndi cates that MAN dramatically reduces cell division.
The effect on growm h follow ng renoval of MAN fromthe nedium was al so
exam ned. CAnalydis ofieelkilar genedxptessioddm €3toells befodd and lafter P2 hrsvofal . At
time=0, 2/3&)ff tthg V%‘ﬁ‘lfs were given grow h nedia supplenented with 40M MN
in 1% DvsO. HEF Hﬂ 'ng vials were given growth nedia containing only | %

DVSO. After 73 haGere edpréssibn itk 9800.gené Brhydats shelidd/@i. '91¥Five t hei r
growt h nedia were WaShaepﬂ ef\nd media containing only 1% O was added. The
ot her 2/3 ofMmicrRgrams|easn gl polyh RINAJom 74 hHes. ) freated (s MalN: nedi a

adni ni St er eChriRidH-feafElCh MO Fwas IGUDin 41pkit GFhiinaRo6bO Jofigbfianat the
rate of cell growth was not notably increased in MAN tré&ated sanple
fol | owi ng t Hybridizatier stugy @coerdingde tg&ﬂi@?dﬂrﬂcﬂm{ib%’lmmomh&l%onti nues to

significantldqa_ Y6§8 C AR ala | L fJ.0om t he
extracel | ul a%%ejhz\;‘fir.onrfe(glt-'.é. h?"z@}%t@?i@éﬁ@ﬁ'g EE%P L%Byggg{gv'@anpl e 4
Anal ysi s of camerawith g dlikon5&morAF anicriorNiks lensi and digitizedbyadMadintesh 72 hrs of
drug treat OC&;),QE r ' i . tudied (Fig. 5).
Five mecr gg?réler?s eac o? §§?’§/9%$%}\"$?§2X’%gﬁ?§g%%ﬁ oir) treated (C3
- MAN) and nmelarfenming enggmBy/BCithen singtecal dual-soloaimodefis repredudiiié @ngdene arr ay
hybri di zat i ' .0 | bed .| nom cs 51,

313 324" Tood RN sERRENCRN kol 26 BB ST HAGeBTAE AT BIRS G0 carera
with a Ni korfra 16hcdlls)ni cro Niko | ens and digitized by a Maci ntosh LC630
conmputer. Such d cti | a.enz subst.rate reaction of colqr-formng
enzynes in eit her%thgicr?b'ﬁgn%'lr&Hﬁ8Pié§§\°8'f"9r®ﬁ§rq"§'aﬁyeﬁp5ﬁffa%tﬂe@eﬁr(§3 extrenely
sensitive (d4N/GgOMSO<=5 Ccarpl @5DMSO/Ca Mybl+10) viete listel oréstamifibiisn.

Image files in TIFF format and data files in MS excel format are kept on ZIP

diskette. Gene names and clone ID numbers are available for obtaining

Image clones for future northern blot confirmation. _

Among a group of genes that are either up-regulated or

down-regulated 72 hrs after MyN treatment, the following are those

specifically related to cell division and apoptosis. Several other cell cycle

related genes are also greatly upregulated in response to M4N. In addition to

cyclin-dependent kinase CDC2 (Example 11), for example:

_ Increase
Cyclin-dependent kinase inhibitor (100X)
Apoptosis (APO-1) antigen  (100X)
Death Domain Three DR3 . (100X)
Ras-related protein RAP-1 | | (60X)

Human Map Kinase (40X)
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from 107 cells). The conputer print outs show ng differentially expressed
genes (CG3 MIN G DMSO >10 and C3 DVMSO' C3 MAN >10) were listed for

exam nati owootkswge files in TIFF format and data fil es parrddoosgasee! f or mat
are kept on ZIP diskette. Gene nanmes and clone ID nunbers are avail able
for obt ai NRgroll m@eeﬂl 18 Felbfiid detied'afe Gat 8bWniegbiatsdinf on. Among a
group of genesot arec9e|ther udp r egul gt ed‘lﬂor I%gwn regu rfeé 72 hrs after
MAN treat nt@M¢N:t he fol |l owing are those specifically related to cell

di vi sion and apoptosis. Several other cell re enes are al so
greatly upregulated in response to MAN. In -gégiletal on tb?)‘rtrsgtegl I n- dependent

ki nase CDRydlidepphdertnasedt exanpl e: | ncr(8%de Q/CﬂO&%dependent ki nase

i nhi bitor ks, (APO-1) antige 00X) h Donmai n Three DR3
( 100X) 'gs'&'ﬁgﬁl"é’gﬂg%@‘ﬁ' RAP- 1 ( 60X) e MEp R (40X) 18 WD

01/ 28494 H@Hﬂﬂﬁﬂﬁb%ﬂhﬁcleihanﬁgdd. PﬁNﬁg cel I(18)cl e reH@@¥%d genes are greatly
downr egul at.ed i Tr eat ed reat ed I I n- dependent

ki nase 7 ?‘%%’%36%%%%@89@8% ‘Fecept or(g?é% 100‘” roliferating cell

nucl ear anCysieine prstédse( 1%9 100% Human TNF-(7%)at ed ApOPYosi s APC2 (3% 100% .

s e L R otk it 63 bt e dyeTholE e tpetiopy, BT o0 1o
cell's whil levafwaerfodndstduessmuisw thissedn 66ntro BEIRY Wik &ftdradob arégy RT- PCR (39) .
Gene expr elgjllﬁo vr\;gremll'llo Ignger detectable by RT-PCR (39). Gene expressions with

9600 gene arrays can be repeated with RNA isolated from these short-time

treated cells (1 hour and 5 hours) in order to further pin down the initial

cellular effects of the drug.

Example 5

Targeting C3 tumor growth in mice by _Lm]ectlon of MsN _

Thirty six C57bl-16 NCR mice were injected with 5 x 10° C3 cells

between the shoulders on the backs of the mice. Twenty four of the mice

developed tumors within 20 days. Daily injection (50 pi-100 pul of MyN or

MsN/G4N) (200 mg/ml Ms;N in DMSO, 200mg/ml G4N in PBS) showed

profound effect in tumor growth in animals, as shown in Tables 1 and 2, Fig. 6

and 7.
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9600 gene arrays can be repeated with RNA isolated fromthese short tine

treated cells (1 hour and 5 hours)

in order to

further

pin down the initial

cel lular ef hpshfspds t he drug. Exanple 5 Targeting C3 tunDrpcayfRdbassi? M ce

by loca injection of MAN Thirty six C57bl -

x 106 C3 cel.lla}&@

of the mce
of M4N or

prof ound effect
Fig. 6 and 7.

1 ope

et we

AN &

unor s

as shown in Tabl es

16 NCR mce were injected with 5

G EHREL B 3roiE ot Xt Furhfs Bhffipadds
MiMicdN) (200 ng/ i MAN in DMBO, 200ng/ml AN in PBS) showed

in tunor growth in animals,
19 WO 01/ 28494 PCT/ USOQ 28612 Table 1. M4N and AN Ef f ect

nty f our
1-100 91

1 and 2,

on Gowt h ofmdaisadl e Tresmmet Ddvel ojpsidn Ske(nivhice Mpwa©f Exadsetinent Boawwio@) Si ze
(g) # Period Lesipn nggn@a 1 16 Day I Day 7
Ddy.16 Day 24 8x3. X7
o 5 ¢ 5 10893, o b7 e bev 2 ol 38 Bl J cup By 18 e
.. 10.5x11x9 1 1.|14 1@!‘"%0 16.3%8x38 DVBO 2. §xP¥dgk2—5 - Péxlmg 2-9 120.% -
20.2 Days 1-16 d MAN - 9x8xé- 0.2'-'19 192- 7 MAN - 6x7x7 - - 0.1 18.2
-.20.4 11 MAN 1X1. 3Xgm80 5X 10 %Uxexas fhxifked - O} 25514 MAN [393%3. .5 844 -
0.4 - 17 17.6 - 15 M4N-5x4x4-’8.1 9200-16 MAN 2. ngé 8 Ox6x4
- 0-17.2 17.6 - o
3 DMSO 0.8x0.8x1 — .10.5x11x9 - 114 | 182 — 181
4 DMSO 28x3.625 — 16x11x8 | — 29 |176 — 202
Days 1-16
6 MN —_ 9x8x5 —_ 0.2 — 19 182 —
7 MN —  exxt  — — 01 (182 — 204
11 M;N x1.3x1  9.5x10x0 — - 0 |195 — 202
14 M¢N 3.axs.t_ix3.5 8x9x6  — 0.4 — | 17 176 —
15 MN - Sxaxd  — 0.1 — |189 200 —
16 M:N 2.8x2.8x2.8 9x6x4 — 0 — 172 176 —
17 MN 2.3x2.3x2.3 6x6x4 — 02* — |173 - -
Days Days
110 9-17
18 | MN G.N 32.8x3 BXTX5E — — 10~ {188 — 211
19 |MN G4N — 5x5x5 « —. 0.2 — 182 199 —
21 MN G,N 1.8x1.8x1.8 Ox10x5 — 0.2 — [17.3 192 —
22 | MN G\N -_ 7X7x5  — — o |17.9 — 195
27 | MN G.N 2.5x5x2.5 Ox6x6 — —  18™ | 20 — 207
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17 MAN 2. 3x2.3x2.3 6x6x4 - 0.2*' " - 17.3 - - Days Days 1-10 9-17 18 MAN (AN

3x2. 8x3 8x7x5 - - 1.0*** 18.8 - 21.1 19 MAN (AN - 5x5x5 0.2 - 18.2 19.9 -
21 VAN ANwD.0828498x1. 8 9x10x5 - 0.2 - 17.3 19.2 - 22 MiINpCBAddos/2861e/ X5 - O
17.9 - 19.5 27 MAN (AN 2.5x5x2.5 9x6x6 - - 1.8*** 20 - 20.7 20 CVO

01/ 28494 PTITUSPO7 28612 28 MAN AN 2.8x2.3X2. 8 5Xx5x4 - O I7 - I8. T 19.8 -
29 MAN (AN 2,484 8 54 | - 19. 3+ DVBO = hi cl or_Drug
** Taken on y 5 ***éﬁgsi D%&g%ﬁ%?ﬁ%g% nost | ?i“e-lcrotic \eéﬁl S a@'efal so found
in lesions fro nouse 6, 7} 11, 14. 15, 17, 19, 21, 28,119 (Fig. 6,7).
There were 28 | eMibns Guhef t | 2.8x25028 SxBAL amd #22—f ol 10&ni NtB.&dr ug—t r edténent s.
Tunors found in control nouse #1, 2, 3,4 contained growng cells (Fig. 2).
Experimental Procedures: 36 C57bl-16NCR mce were injected with 5 X 105 C3
cell s/mouse. Injections were 100 L nade subcutaneously between the

shoul ders on the baW35=VBﬁic@ﬁPDrlﬁel | s were suspended in |ow salt HBSS
and suspension uniformty was nal ntained by gentle vortexing. 24 mce
devel oped tunors. Their |lesion sizes were neasured by dial caliper. These
m ce were shaved, wei t ment begun (Day 1). Four mce were
sequestered as contro?gge%gﬂyraglel%m ce received 50L DVSO injected
intratunorally daily. Experinmental mce (10) received 50 L MAN di ssol ved

i n. DVMSO (200ng/ai) . j 1] lp: 0] .eat ts for 8
- days followed by %ﬁ“t\'lﬁ?F%%%@'X@%E&'ggﬁﬁﬁﬁﬁﬁgm@? |é%§rfﬁ€8 or 8 days.
| nj ect i onsmouseBpAdH, t14, 18,61, 4B, 2828119 (Bip. 6,7poThemsiware no lesions :
left in mouse #11 and #22 following drug treatments. Tumors found in control
mouse #1, 2, 3, 4 contained growing cells (Fig. 2).

Experimental Procedures: .

36 C57bl-16NCR mice were injected with 5 X 10° C3 cells/mouse.
Injections were 100 pl. made subcutaneously between the shoulders on the
backs of the mice. Cells were suspended in low-salt HBSS and suspension
uniformity was maintained by gentle vortexing.

24 mice developed tumors. Their lesion sizes were measured by dial
caliper. These mice were shaved, weight and treatment begun (Day 1). Four
mice were sequestered as controls. Control mice received 50ul. DMSO
injected intratumorally daily. Experimental mice (10) received 50 pl. M4sN
dissolved in DMSO (200mg/mL). An additional 10 mice received MyN
treatments for 8 days followed by G4N treatments (50 pL, 200mg/mL in PBS)
daily for 8 days. Injections were made to several regions of tumor. Mice
anesthetized with ether or metaphane prior to injection.
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anest hetized with ether or netaphane prior to injection. 21 WO 01/ 28494
PCT/ U500/ 28612 Table 2. M4N and AN Effect on Growth of Treated Lesions in

- Mce CarrykieoiMaddsi pl € Tunors l\/buse Treat ment Period LesipeyShimslrm W.
O Excised Lesion (g) Body w. Days 1-16 Day 1 Day 7 Treated* Not

10 i ot ey oty i i e, 10 100

17.8 20.0 Days DayGamyihgiMultipleTumeorms AN 1. 8x1. 8x1.8 9x10x5 0.1 0.2 17
20.2 24 MAN (AN - 7x9x6 0 1.7 17.2 20.8 26 MAN (AN 54.34.5 7x7x7 0.2 1.9
19.3 20.6 " Drug in DVSO was injected directly to the tunor regions **

From adj adeuse {| drastmentiBgsiod y e dLesipn Siragnm) TapYub O3 Excliest Lesianya)Jt udEodewiofg) AN i n
Mce Goup # off Route Treafnent Days of Mprtalitt Mce pefr day Injection 1
187. 5nmg/ kg 3 Sdibc S 0/3 3 3
750nmg/ kg _4_Subqut %aggugéjlx é % %grm Tﬁleg‘gd Waget Q/ Z%I%?BLBF%R
femal e m ce®frdm NCMer e théé@xpﬁt h?’sg"%x he rzﬁent Pk ragl y2hal NOEA (AN
was freshly madle everyday iin PBS in conc =nt rations of 75:Lg/ m . Injections
of 0.05nl fgr grouppminy 0. 1 si8xoqr 8HPBxe £ dd 4. and 0.2 ?r %p 3 per
treatnment were{nade for a period of 6 22 A0 01128494 PCT/ L860 28(r
12 MN 25x2.5x25 Bx9x6 O.ﬁ - 1.82 17.8 20.0
“Days Days '
19 - 10-18 _
20 | MN  GN |18x1.8x1.8  8x10x5 | 0.1 0.2 17 20.2
24 MiN - G _— - TX9x6 0 1.7 17.2 20.8
26 | MN  GN| 53325 7xx7 | 02 19 193 208

* Drug in DMSO was m;ected dlrec’dy to the tumor regions
** From adjacent tumors depnved of drug

Table3.  Toxicity Studies of G,N in Mice

Group . #of Route Treatment | Daysof | Mortality
Mice per day Injection
- 1 187.5mg/kg 3 Subcutaneous 2X 6 0/3
2 375mg/kg 3 Subcutaneous 1X 6 0/3
3 750mglkg 4 Subcutanedus | " X 6 1/4
4 375mglkg 2 \ | 2x 6 0/2

C57BL-16NCR female mice from NCI were used in this experiment.
Tetraglycinal NDGA (G4N) was freshly made everyday in PBS in
concentrations of 75mg/ml. Injections of 0.05ml for group 1, 0.1ml for groups
2 and 4, and 0.2ml for group 3 per treatment were made for a period of 6
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days. Experinents |asted seven days. Body wei ghts were determ ned before
and after six days of injection. No significant wei ght changes were
observed woroiegp94 he experinental period. Al treated mm'msamﬁ(fpl s (nouse
nunbers 1-4) and experinmental mce (nouse nunbers

6,7,9,10,1 e S w £xhi bited
swel i ng. é@asur mentel-@so'fgﬁ esl (‘)’EHnggesBé@;@&ﬂatg V?%e%%gf (Fﬁl per. Sone
m ce exper anthafier six daysetiaiection. die Stgolfmpfeuelghirchamges wemnobserved egi men and
results mg&nmgggggmenﬁé i Mce weighed again. Al mce exhibited

0 grans. :

growt h up No treatnments made. Day 13: Al mce have
rai sed skin but to very different degrees. The skin of one MAN treated

Tt o Afbtp i BHBHA g e £4) 65 BierhtBlmes,
(#17) di ed(marmrmerswse 10f11, mu.naas;wmmuumbgrs 18422;524 12629 t he | esi on
ite of #1 thth d-out h di ted,
ond’ 1 esi onvebIS 80 Exobhed abaing MeaSirefishs of bion SRSt as miated” . co” "
(#6, 14, 15, dia)cal'pbr mmw-@wpenmemmm@diﬁ@mefmaﬁmmd one control

nouse (#2 e eut hani.ze cted and wei ghed. Remai ning control mce
(#1, 3, 4) wkhe r@?‘&?ﬁ'ﬁéﬁgmﬁﬂﬁnpr{?ﬁ@&)@ R O e carrying tunors. Day 21:

Tunor 8|ze5a{mom COMit® weighed rlﬁmwéﬁdbmdglrth aplmw?rangoservatlon
The skin a IeS| n si.tes. o use #10 and #12 (MAN tre regi ons)

cracked wi ﬁyt e "dNaWedments made. showi ng. Day 24: Mouse #7 skin recovered

conpl et el ypayhs: expﬂwrmeathavesa.sé@ém Battedleégu’ﬁateﬁtd égrees AlThelsRifpi Ni Ng
m ce, MAN treated s 10,11,12) and  MAN (AN treated (#18 20, 24, 26, 29)

vere eut haff gnaMaly rgg(g‘gtrggusee(;#g RREPlit gREN Py whichibe edresout’ of VAN and

MIN AN Ongymbrt felidiut.9r ot h in mce are summarized in Tables | and 2 and

Figures 5 and 6. Table | shows the dru_rcb
Day 14: Injection volume raised to 100 pL.

Day 15: One M;N treated mouse (#17) died due to overdose of

~ anesthesia/handling. The skin at the lesion site of #17 cracked with the
“dried-out tumor” showing. |t was dissected, and lesion excised and weighed.
Day16:  Four more M¢N treated mice (#8,14,15,16), three MyN/GsN
treated mice (#19,21,28) and one control mouse (#2) were euthanized,
dissected and weighed. Remaining control mice (#1,3,4) were examined
non-invasively and were carrying tumors. "
Day 21: Tumor sizes from control mice were measured by dial caliper.
Observation: The skin at the lesion sites of mouse #10 and #12 (MsN treated
regions) cracked with the "dried-out tumor" showing.
Day 24. Mouse #7 skin recovered completely. The experiment was
terminated on this date. All remaining mice, MsN treated (#7,9,10,11,12) and
M4sN/G4N treated (#18,20,24,26,29) were euthanized, dissected, examined
and weighed.

The effects of M4N and M4N/GsN on C3 tumor growth in mice are
summarized in Tables 1 and 2 and Figures 5 and 6. Table 1 shows the drug
effect on C3 cell growth in mice carrying single tumors. The average weight
of four excised tumors of the control group was 1.48 g while weights of
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effect on C3 cell growth in mce carrying single tunors. The average wei ght
of four excised tunors of the control group was 1.48 g while weights of 23
WO 01/ 28494 ot th d/%,gﬁOO/ 28612 lesions from MAN treated and JMNoiN:s eat ed

were* 0.142 an 51 g respectlvely Drug treated | esi ons consi sted nai nly
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| esi ons was BAWR i mige CQ"V'T‘Hé“ tIn this stydy, drugayas 'Hieé’te"qu ng the

entire expergngestitae turﬁ@r*’s' TheaiRfdjeWeigRtofdihtieatcd tunlofaas 11725%mie- Exanpl e
6 Drug treated (I\/kl and DVEO vehicl e-treated or untreated tunors CON)

~fromtwo gr dbipkofdsMireateddesions wanPd§ g. obimiles resyits were ghtaingduni nat i on. The
exci sed tung NT@W —Hexﬁféré;dpw rfifel dehyde
in phosphat e @’? %rméd sall &ioﬁl'h{e f1x tls-?ﬁgoﬁj/as t d cﬁﬁ%{?g% t hr ough
a series of %M@@@I@%ﬂ@%@%b@msm anip8d839. i n par af fin. The )
paraffin tissue t . oscopy W t.
hemat oxyl i n and E.logl%r?% m®t£? ogﬁ/él@ﬁﬁcgﬂ es E’t(')%ﬁﬁ? X?E"Enﬁlé‘géont r ol
‘tunors \Nerenﬁﬂaﬂfawge@dd;ﬁlmntr(wleﬁmntbﬁd continued to grow. They show
the hi gh nuclear/cytoplasnmic ratio, pleonorphic nuclear changes, high

mtotic figures, spindle |like sarconma shape, and infiltration into the
surroundi ng tissixaotpdebcteristic of cancer cells. In contrast, those

uror's recei 1 by R s ARID VRN ALt by yFUBEB AR et
There is a 4O8IN) feomo twd grdups raf onige werepprieparedfos histopathioldgygher
. examination. The excised tumors were immediately fixed and then stored in

4% formaldehyde in phosphate buffered saline. The fixed tissue was then
dehydrated through a series of graded alcohols and xylene and embedded in
paraffin. The paraffin tissue blocks were thin sectioned and stained for
microscopy with hematoxylin and-eosin. Histopathology studies showed that
the control tumors were unaffected by DMSO treatment and continued to
grow. They show the high nuclear/cytopiasmic ratio, pleomorphic nuclear
changes, high mitotic figures, spindle like sarcoma shape, and infiltration into
the surrounding tissue characteristic of cancer cells.

In contrast, those tumors receiving MyN treatment discontinued growth
shortly after treatment began. They demonstrate significant necrosis and are
no longer viable. There is a small amount of drug precipitate visible at higher
magnification, and focal areas show chronic inflammation and fibrosis. This
healing effect leads to the shedding of these deceased tumor cells from the
area. The same results are seen with MsN/G4N treatment as with the M;N
treatment alone. However, since G4N is water-soluble, it can spread to a
larger area of the tumor than MyN. It is expected that G4N when used with
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magni fi cation, and focal areas show chronic inflammation and fibrosis. This
heal ing effect |eads to the sheddi ng of these deceased tunor cells fromthe"
area. The wams/28ssul ts are seen with MAIN (AN treat nent ascwasobrdsie MAN

treatment al one. However, since GAN is water-soluble, it can spread to a

| arger ar ep,Nfsyh&@istic thBé nh&éleffebtumn@anﬁgt@ﬁorhmla gééizé@ﬁrb used wth
24 WD 01/ 28494 PCI1/ USOQ 28612 M4N synergi stically may nore effective in

trating tudisaterdhan 2cqt)-si zes (i.e. greater than 2 cnm). Exanple 7 Effect
of MAN on HSV-1 Skin Infection in Gui nea pig The drug MAN was al so tested
in inhibition of HSV-1 replication in skin infections in guinea pigs.

Gui nea pi gEX¥MPlevias pi nched with needl es and HSV-1 suppression was applied

topically EﬂeéterMN &RAR Sﬁiﬁqmeéfgtﬁné@ then applied to the pricked

infected area fo ection ays. Six areas of bared
back skin of a BmﬂmsfSaNgwaeaboﬂestedwmbtbémrélﬂsvwremlcah@tmsknmeedl e. Two

DL "o ALl o5Vl fon el o MRMRIG 7|£01 2L
Fifteen m HBVetsmpressid:mWeeapplled tepically hfnnieebeachqmqsedn atea. (MBNS1, ABDS2,
Py o "k e ek e PGB g e BBy g o0 oL
i ncl uded adaysegative controls. The phot ogr aph in Figure 8 vvas taken at day
o o, R Mo ardlack O 4 GO et iR Bl >
HSV- ABDSZ)wiﬂmd 5=DIN meegiec Siavcareas wetéd infected with S\ ¢ Wcmwad HSV- ACV) .
treated bySHReAnt.aisbiardy B8R asine: HSy-HE)25h RINEF I SR B s vere
observed i ipfdctddwitie ISV-88s Fiftdenanintes\dHar irfédonn 80 pPéifestr eat ment s.
compounds (ABDS;, ABDS;, ACV and MsN (4N) in 60 mg/ml of DMSO were
applied to each punched infected region of an area, five times. per day for six
days. ABDS, and ABDS; were incluc_led as negative controls. The
photograph in Figure 8 was taken at day 6 and shows the extent of HSV-1
replication in the absence of drugs (HSV-C, HSV—SC)-. in the presence of
-ineffective drugs (HSV-ABDS;, HSV-ABDS;) and in the presence of effective .
drugs (HSV-M4N and HSV-ACV). It can be seen that six large confluent
blisters were developed in areas treated by HSV-C, HSV-SC, HSV-ABDS;,
HSV-ABDS;, while no blisters were observed in infected areas following MsN
(4N) and ACV treatments. _
Clearcut results that MsN can block HSV replication were obtained in
this model system as shown by the disappearance of the skin lesions and by
no shedding of the virus 4 days after the drug treatment. Initial animal studies
also showed MyN to be non-toxic to mice at concentrations as high as
300mg/kg when given intraperitoneally, and as high as 375 mg/kg when given
either subcutaneously or by IV (Table 3) (6).
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thus whole body toxicity is avoided. In addition, since -enough drug remains

within the tumor to suppress its growth, continued injection of drug is

unnecessary after relatively few treatments. In the mouse study of Example

5, tumor cells continued to die even after discontinuation of M4N injections.

Thus when drug is directly targeted, tumor size becomes the determining

factor for the required amount of drug to be administered. The difference

between whole body weights of a human vs. a mouse becomes irrelevant. In

the mouse tumor studies, 20 mg/day for 10 days were more than sufficient to

eliminate tumors. There should be no reason to use a higher dosage than

this for treating a human tumor of comparable size (1-1.5 cm®). This should

reduce the risk considerably in human trials.

Example 9
M;N Treatment of Cells Blocks Cellular Proliferation

Our previous research on MyN indicated that it could inhibit viral
transcription by deactivation of Sp1-dependent promoters. Many mammalian
cell cycle genes also contain essential Sp1 promoters and M4N may therefore
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bet ween whol e body wei ghts of a human vs. a nouse becones irrelevant. In

the nouse tunor studies, 20 ng/day for 10 days were nore than sufficient to-

el i m nat e wowmrs49s There shoul d be no reason to use a hi gh@pdesaese t han
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TR b b T e et oL S GRS SRR . O 07

to the drug’s ability to deactivate the Sp1-dependent HPV-16 E6/E7 Y

oncogene promoter, as similar growth inhibition was observed in the HPV-16

transformed TC-1 cell line whose E6/E7 oncogenes are under control of a

non-Sp1 dependent retroviral promoter (30) (Figure 9d_).' -In addition, growth

of the C33a cell line (Figure 9c¢), an HPV-negative human cervical cancer cell

line, and the CEM-T4 line (Figure 9b), a human leukemia cell line (31), was

also blocked.by treatment with M¢N. In the four cell lines that were treated

with the drug, nearly all (>95%) of the arrested cells were viable until the

concentration of MsN exceeded a “threshold” value (60uM for C3 cells, 40uM

for TC-1 cells, etc.). Above these concentrations the percentage of viable

cells decreases precipitously. Interestingly, arrested cells maintained >95%

viability even after prolonged exposure to the drug. The C3 cells exhibited no

increase in cell death after eight days of treatment with 40uM MyN (Figure

%e). -
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non- Spi dependent retroviral pronot e"r ('30')'-(Fi gure 9d). In addition, growh

of the C33a cell line (Figure 9¢c), an HPV negative human cervical cancer
cell line, wapgidsha CEM T4 line (Figure 9b), a human | eukqi@risseidsid | ne
(31), was also blocked-by treatment with MAN. In the four cell lines that
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vi abl e, analysis of cellular DNA content and ?I uorescence exam nation of

cel | struct dideased ©2(MONA gopteniselative te the gantrals (FigurgdOadl)y Theycl e where
the cells ArhEstlextre é@sﬁ&m%ré%ewwome@a HRGICE ﬁlirfe%.tﬁfj | ncreased

&1M DNA cont ent ative to the controls (Figure 1 Ca- Thé  nost

extrene resmggq%r@t%Eﬂ'stGw MW‘M4 cel | I ines, in which
>90% of the cell %&% sh between an
arreost in G or znmmtagltt@{s% ﬁ&%@ﬂtandér&ss?gdgh;?g% 'g&t&mﬁékﬁ (green) and
y tubulin (raatbodies againstiatubulindgreen) ard v tubulin {redd were used teent r osomes i n
the C3 cell | gure 11
a, the cent ros%ﬁ‘é@gtﬂ%ﬁgt&?ﬁ%&somw ih Eﬁéﬁ%ﬁl g%?b‘f%an% ﬂ? IJsI ocat ed
next to eactMsN tieatment: neshgwnelmElg@lrenma.thesentrosymfdﬂm trestedes separate

i oal % 1 el AR GRSoalel BR300 RelATeld Rbad hel HIRE nEBBLS o "  1°) OFOL"
‘the diffuse gellt Sinoe aaQOes isgparatenduniig earlysprophase it can be concluded
- that these cells have not begun mitosis. In contrast, the gamma tubulin
staining of the control cells has the diffuse pattem characteristic of G1 or S
phase (32). A lack of chromatin condensation in the MsN treated cells was
also observed with DAPI staining (Figure 12b), additional evidence that the

cells have not moved forward out of G2 phase (33).

Example 11
Production of CDC2 is Inhibited by 40pM MsN

Since progression of cells out of G2 is dependent on the production of
the MPF, the status of its protein. components was examined in C3 cells
treated with 40pM MyN. Asynchronous cells were grown for 24 or 72 hours in
media containing either MyN in 1% DMSO, or 1% DMSO alone. The cells
were harvested, and equal amounts of total celluiar protein were analyzed by
western blotting. A marked reduction in the amount of CDC2 was observed
after 72 hours treatment with MsN (Figure 12a). However, levels of cyclin B,
detected by stripping and reprobing the same membrane, were found to be
unchanged. These results indicate that, under these conditions, the arrest is
not likely a response to p53 since it has been shown that overexpression of
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As the non-Sp1 regulated housekeeping gene GAPDH was used as an RNA )

loading control, and its levels were not effected by 40uM MsN.

The use of the C3 cell line allows us an additional control for analysis

of the mechanism of MsN mediated cell cycle arrest since other Sp1-

dependent gene promoters are also likely to be inhibitgd by MsN treatment.

This possibility was examined in C3 cells by énalyzing the effect of MsN on

transcription from the Sp1 dependent HPV-16 E6/E7 promoter. tPCR

analysis of RNA isolated from C3 cells treated with 40uM M;N for 5 to 72

hours demonstrated a clear reduction in the levels of t_he E7 transcript (Figure

12¢). GAPDH was again used as an internal control in this experiment, and

its levels were unaffected by drug treatment. These results provide additional

evidence that MsN reduces the transcripts of Sp1 regulated promoters.

Example 12

Inhibition of Sp1-Binding Activity by G4N in a Gel Mobllaty-Shuft Analysis.
Sp1 family proteins induce bends toward the major groove of DNA upon
binding (36). The zinc finger domain of the Sp1 protein is responsible for the
binding of the GC Box sequence §-GGGGCGGGG-3'. From computational
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in displacement of the bound Sp1 than blocking Sp1 from binding to the

enhancer, as shown by the gel mobility-shift analysis (Figure 13, A,B,D). We

have also examined whether the bound G4N can be replaced by Sp1-167D.

In this study, the inhibition of Sp1-167D binding by G4N was first established

by the mobility-shift analysis (Fig 13C lanes 2 and 5). When the G4N bound

template was challenged with additional Sp1-167D, we observed a dosage

dependent increase of the band intensities of the Sp1-167D/DNA complex

(Fig 6C, Lanes 6,7) indicating the displacement of G4N by Sp1-167D from the

template.

Example 13

Inhibition of Sp1 Regulated Tat-Transactuvation of HIV Promoter Activity
by G4N. As reported previously, methylated NDGA derivatives can block Sp1
binding to the enhancer sites of a variety of viral promoters including HIV,
ICP4 of HSV, E6/E7 gene of HPV (37,38,39). We further tested the G4N
effect on the Tat-transactivation of HIV promoter activity in Cos cells by the
SEAP assay as previously described. Basal level of the HIV LTR driven SEAP
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assay as [Bawipled4y described. Basal |level of the HV LTR driven SEAP 30
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presence QroirbiNiran€eriptions. \Sp plays doérnitrad ralé fdlsvich expression in these

two viruses sharing an almost identical mode ‘of transcription regulation. In

anticipation of using SIV infected rhesus monkeys as animal model for testing

the antiviral effect of G4N we have studied and compared the G4N effect in

inhibition of SIV in 174 x CEM c_ells with that of HIV in H9 cells. Cellular

toxicities of G4N in these two cell lines were also examined. For SIV inhibition

study, 107 174 x CEM cells were mixed with high titer stpc_k of SIVmac 239 at

37°C for two hours and then washed twice with cold PBS buffer to remove the

unabsorbed virus. Cell suspension was aliquoted into each well of three 96

well plates. Various concentrations of the GsN solutions were made from

freshly prepared stock and aliquoted separately and each to six wells in a

column of one 96 well plate. Culture supernantants were collected every four

days post infection. (P.1.) and fresh medium containing appropriate

concentrations of the drug were added to the culture following supernatant

collections. Viral production was assay_ed by a modified p27 core antigen

capture ELISA as shown (Figure 15). There was no SIV production detected

using G4N in concentrations above 5 uM. At G4N concentrations below 2.5

HM, SIV production was detected (Fig. 15) in culture supernantants from 4th
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transactivation in a dose- dependent f ashion (F| gure 14) . An aver age val ue
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repare stocC a a | e SI. X S col um
8f 8ne 96 \/\Mcﬁ“ ‘%Lﬁ'?’t#ﬁ‘?&%ﬁ%‘é M@%S@FQ"&PP&%@§@#@/ four days

post infectijgg, of(12 ﬂM)GMeréﬂiﬁhlbml of AIVONRTIMF was fodRHOAGaiR! there
concentrations of 't F@g[&tg?(were added to the culture followng supernatant

col | ecti ons.Wag Ro,fetg iSity ipunintestad i geliswithin the tampgg of thea@ssaynt i gen
capture EL|I 34ndbeRW28D (f).gure 15). There was no SI'V production detected
using AN in concentrations. above 5 NM At (AN concentrations below 2.5
NM SIV production was detected (Fig. 15) in culture supernantants from 4th
31 WO 01/28494 PCT/1JS00/28612. and 8th days post infected cultures as

corrpared to viral production i n the
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3. The method 6f claim 2 wherein said tumor is cervical or oral cancer.

4. The method bf claim 1 wherein said tumor is presept in a mammal.

5. The method of claim 4 wherein said tumor is malignant.

6. The method of claim 5 wherein said tumor is selected from the
group consisting of squamous cell carcinoma, adenocarcinoma and

medulloblastoma.

7. The method of claim 4 wherein said tumor is benign.

8. The method of claim 7 wherein said tumor is selected from the -
group consisting of papilloma, teratoma and adenoma.

9. The method of claim 4 wherein said tumor is a solid tumor.

10. The method of claim 4 wherein said mammal is a human.

38



Boyd, M R New Sol ubl e- For “LV -1 Cytopathic Effects:
Application to Hi gh-Fl ux Smllmmlmm”mﬂ“ tic and Natural Products for
Ai ds- Ant i wWo ai/stt ivity. J. *Nafl.“Cahcer I'nst., 1989, SPCBYSNN2887Z-5386. 37
WO 01/ 28494 | 612 WHAT IS
CLAIMED | S: 1. l' lrlr-\::;?%h‘lli'lol?]]“]'-%nlor %I%@ﬁ%ﬂe‘ém%é:%lrﬁhr g%y #e@ﬁlc?ﬁ?corrpri si ng

applicati dmansfoi‘med celimmst one nordi hydrogual aretic acid derivative of the
formula Cis RL R4 R 2 CH3 wherein Rl, R2, R3 and R4 independently
represent -OH, -OCH31l - QC=0).CH3, or. an-am no acid residue, but are
not *each - OH s#2uThemsethed vf clainw1$ aherdinsaid .cells are@; aalishod of claiml
wherein said tunor is HPV i nduced. 3. The nethod of claim2 wherein said
tumor is cervical or oral cancer.- 4. The nmethod of claiml wherein said

tumor is pr esem3 Tl'heme”lﬁﬁﬂTchlam‘M Wéﬁenﬁ%&fﬂ%rdlﬁy&b@émét’b’%%rdel n said tunor
I's malignant. 6. ﬁ t ho Lfgf claimb5 wherein said tupor is selected from
t he grouﬂeﬂﬁinéﬁﬁ ﬁ""&ﬁteé '* at leagt.gne phiarnaceitically. accaptable and

medul | obl %&&l?l&toﬂcarﬁ&e met hod of - cl aim4 wherein said tunor is benign. 8.
The nethod of claim7 wherein said tunor is selected fromthe group
consisting of papillonma, teratoma and adenoma. 9. The nethod of claim4

wher ei n- sai d t‘l'm)"l'héfinélhwaéiahvﬁ WherelfY said B ciBRink BFlcattiefisai M 4 wher ein.
said mammual is a human. 11111111111111111 111111 IN WO 01/ 28494

~ PCTI USOQ Zimsethylsuifoxide (DMSO)

* 15. The method of claim 1 wherein said derivative is tetra-O-methyl
nordihydroguiaretic acid (MsN) or tetraglycinyl nordihydroguaiaretic acid
(GaN). |

* 16. The method of claim 1 wherein tetra-O-methyl
nordihydroguaiaretic acid is administered along with at least one
pharmaceutically acceptable excipient or car_rier. |

. 17. A pharmaceutical composition comprising tetra-O-methyl
nordihydroguaiaretic acid along with at least one pharmaceutically acceptable

excipient or carrier.

18. The composition of claim 17 wherein said excipient or carrier is
DMSO.

19. A compound_ of the formula
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11. The nethod of claim4 wh s derived from transforned
cells. 12. The nethod of cl aemm'g”mﬂgﬂnmg! cells are C3 08113 13. The
met hod of clveo diiydsagaher ei n sai d* ndr dithydroguataretic acid péqiis@dey | S

adm nistered along with at | east one pharnmaceutically acceptable excipient

or carrier. 14. rei foBz.dts andReareddenticaband eepresent an jpiming acid carrier is
di net hyl sul fré’éi. (DVMBO) . 15. The nethod of claim 1 wherein said.

derivative is tetra-O- nmethyl nordi hydroguiaretic acid (M4N) or

tetragl yci nyl nordi hydrogual aretic acid (&N). 16. The nethod of claim1

wherein tetra-O ggtt r i roguai aretic acid is admnistered al ong
with at | east ongs' %Jgre F@?e‘ﬁtspﬁ‘gﬁgg'"ﬁ&%?w@c%@?% clgim iﬁ?ﬁl er. 17. A
phar maceut i shbwndémSaehemedh conprising tetra-O nethyl nordi hydrogual aretic

acid along wth at | east one pharmaceutically acceptable excipient or
carrier. 18. The conposition of claim 17 wherein said excipient or carrier

s DMVSOL 19. A gompomethodofisyhbsiehy sodmpdthd dicbtding #odik-49.11111111111!
11111 11 1111 V\0.0ll 4 CLMS* CT/[JSCD’ 28612 wherein R, R2, R3 and

R4 are -i denCPERfS ‘39& St an anino acid residue. 20. A method of
synt hesi-zing a Ceoi’ﬁbumb noemwmwca.mewaemmawn drfincebdRal- 21 A

met hod of s esi zing a conmpound according to cl
% nthporcametha e solutlrtr:Pl, ¢
adding DCC and DMAP to said solution;
" adding acetone and bubbling said solution with excess HCl to obtain

said compound.
22. A phamaceutical composition comprising
tetraglycinylnordihydroguaiaretic acid along with at Ieast one pharmaceutlcally

acceptable excipient or carrier.,

23. The composition of claim 22 wherein said excipient or carrier is
physiological saline.

24, Tetraglycinylnordihydroguaiaretic acid.

25. A method of inhibiting CD2 in a eukaryotic cell cycle comprising
administrtion of a compound of formula

wherein Ry, Rz, Rs and R, independently represent —OH, -OCHa, —
O(C=0)CHjs, or an amino acid residue, but are not each —OH simultaneously.
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an amno acid in a dlchlororreth i ng DCC and DVAP to said
sol ution; weditngisacet one and bubb |ng ‘sa 'on w t hrewuseessetdCl to
obtain said conpound. 22. A pharnaceutical conposition conprising

tetragl yci nyl nopé e nwghed of clait25 wherei said cell ishancdnimaiedll. one
pharmaceutically acceptable excipient or carrier. 23. The conposition of
claim 22 wherein said excipient or carrier is physiological saline. 24.
Tetragl yci nyl nopyi ffie hedhcd of dtaiht2@ whereir?Said felisld wanfhalianfieni ting CD2 in a
eukaryotic cell cycle conprising admnistrtion of a conpound of forrmula C
R3.R3 R 2 CH3 wherein R1, R2, R3 and R4 independently represent -OCH,
-OCH3,  O(C=0) G, TR énfammmamﬁmefaudwd cBlVis AdinaRtepach - OH

si mul taneously. 40 WO 01/28494 |!11| Ms * PCT/US0O0/ 28612 26. The

met hod of claim25 wherein said cell |s an animal cell. 27. The met hod of
cl ai m 26 wher ei &g S gy 21T s 0ec] I d of claim 27
wherein said ce??' i@g@gﬁ uhg’re%gﬁ? 29’"qu‘2§&0 19as%%)oun cﬁ@‘(’%ﬁ)dl ng to claim
19 as a pharmaceutical. 30. Use of a conpound according to claim19 for

treating a tundgg gd of a compound according to claim 19 for treating a tumor.

conprising the steps of conbinin m &}I -di net hyl derivative of
[ scxlu*
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