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USE OF RECOMBINANT LYMPHOCYTE ACTIVATION GENE-3

CROSS-REFERENCE TO RELATED APPLICATION

This application derives prionty from US. Patent Applicant Serial No. 15262618
fifed 12 Septernber 2016,

BACKGROUND OF THE INVENTION

L. Field of the Invention

The present invention relates to diseass detection and treatment for diseases suchgs
cardiovascular and invmune diseases and, more spectfically, o s method for classifving
patients ot risk for cardiovascular disease, other chronic inflmbmatory diseases; and
cardiovascular and non-cardiovasculsy mortality bused on a risk assessment for lymphocyte
activation gene 3 {LAG3) protein deficiency, and for mediating the visk using recombinant
tymphooyte activation gene-3 as a companion therapeutic.

2. Description of the Backuround

1t is now well-established that atherosclerosis is a chrofic mflanunatory disease, with
coronary artery vessels infilirated by innate and adaptive tmmune cells and cholesterol plague
that wtimately Teads to vessel ooclusion and clinical disease [ Atherosclerosis-a matter of
unresolved inflammation. Viola I Soeholein O, s.L: Semin humwunel, 2018, Vol. 27, pp. 184~
1931, A number of cardiovascular disease (CVDY) risk factors are used clindeally 10 assess
atherosclevotic risk i patients, including hypertension, diabetes mellitas, Hpids, ape. and sex
{Executive Summary. Third Report of the National Chelesterol Edacation Program (NCEPR)

Expert Panel on Detection,; Evahuation, and Treatinent of High Blood Cholestero! i Adults.
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5.1 NIH Publication No. Q1-3673, 20011 1n this sra of precision medicing, it is wndersiood
that penetic causgs also exari major influgncss on OV nisk, Thers are now a pumber of
genome wide association studies (GWAS) ihat have identiflied known and povel loct that are
significantly associated with CVD, especially diseases such as atherosclerosts and myocardial
nfarction {Gebetics of human cardiovascular diseage. Kathivesan 8, Seivastava D s Cell,
2012, Vol 148, pp. 1242412371

it has beew shown that the rs 10846744 single nucleotide polvmorphisn (SNP) within
the SR~BI gene, SCARBI (located on clromosome 12:q24.31), s sigmaficantly associgted
with subelinical atherosclerosis and CVDL In issued ULS. patent 8,334,538, the present
inventor disclosed a method of genotyping women tm order {o identify the presence of the
rs10846744 mutation of the SCARBI gene (located on chromosome 12:q24.31). This was
significantly associated with subclinical atherosclevosis (SCA) and incident cavdiovascular
disease (CVD) in participants of the Multi-Ethaic Study of Atherosclerosis {MESA).
Specifically, carriers of the rigk C allele had significantly increased odds for incident CVD,
and in g nghivariable regression mode! this relationship was not attenuated by inclusion of
traditional CVD risk factors such as age, body mass index, hypetiension, smoking, renal
disense, statin nse or lipid levels (whether total cholesterel, LD -cholesteral {LDL-CY, HDL-
C, or trighycerides).  These findings strongly sugpested that other factors or pathways might
be causal in the association of this genetic variamt with incident CVD.

{nterestingly, 1510846744 resides within the fiest itron of SCARBI and biomformatic
analysis revealed that this SNP resides within a regulatory region, The dafs suggested that
this SNP could transcriptionally regulate genes on the same chromosome (inira-
chromosonial) or inter-chromosomally. The present mventor investigated this possibility and

a number of transcriptionally regulated gene candidates emerged. One in particular,



WO 2018/049410 PCT/US2017/051210

5 lvmophooyte activation gene-3 {LAG-3) 18 also located on chromosoms 12 and was
investigated further. LAG3 is a significant regulator in T vinphocyie activation
[Lymphocyvie-aetivation gene 3hnajor Mstocompatibility complex chiss 1 interaction
modulaies the antigenic response of CD4+ T lymphoeytes. Huard B, Townter M, Hereend T,
Triebel F, Fawre F.oaL o Bur ¥ lnumanol, 1994, Vol 24, pp. 3216:32211 LAG3 belongs to the

10 lwseperfamily and is a Hgand to MHC class I molecudes of antigen-presenting celly {LAG-3

a vegudator of Tecell and DC responses and H#s use In therapeativ vacomuaion. F., Triebel. sl

TRENDS Immunol, 2003, Vol. 24, pp. 619-622]. 1t is expressed in B cells, T cells, and NK

hvmphocevtes, monocyies, and dendritic cells {(DC) and s major function s thought tobe a

pegative regulator of activated T cells by confrolling effector T cell expassion and

St
8

homeostasis {LAG-3 regalates plasmacvitoid dendritic cell homeostasis. Workman C1, Wang
Y, Bl Kasmi KC, Pardoll DM, Murray PJ, Drake CG, Vignali DA, L 1 T Imnumod, 2009,
Vol 182, pp. 1883~1891; The CD4-related molecule, LAG-3 (CD223), repulates the
expansion of activated T cells. Workman CJ, Vignali DAL 51, Bur J Immumol, 2003, Vol
33, pp. 9709791 Cell surface LAGY is subject to clegvage by ADAMIO and ADAMIT

20 metalloprotesses, which resulis in soluble LAGS (LAG3) [Metalloproteases regulate T-cell
profiferation and effector function vig LAG-3, LI N, Wang Y, Forbes K, Vignali KM, Heale
BS, Saftig P, Hartmann D, Black RA, Rossi 41, Blobel CP, Dempsey PI, Workman CJ,
Vignali DA. s.1. 1 EMBO, 2007, Vol, 26, pp. 404-504],

In vitro and ex vive approaches were taken to exanune the association of rs10846744

[
4

with LAG3 in biospecimens isolated from hyperalphalipoproteinenuc (HALP) subjects. &t
was found that rs10846744 5 significantly assoctated with alterations in the expression and

fimction of LAG3, and markers of intracellular mflammasomes such as NLRP3,
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LAGY ix lecated near the D4 lovi on chromosome 12 (chr 12:p13) while 1510846744
is located on el ig24.32. LAGS has & similar function, 1f not 3 competitive one against
CD4, by binding MBC class ITon antigen-presenting cells. [Stemrg §, Romero P, Speiser DE.
The CD4-like molscnle LAG-3, biology and therapentic applications, Expert Opin Ther
Targets 2011; 15:91-101.]

Golden et al., Arteriosclerosis, Thrombosis, and Vascalar Biology, 34 A3589{2014)
has shown that human homozygous carriers of the SCARBIY 1510846744 risk (CC) allele had
significantly lower plasma LAG3 protein levels. In vitro studies revealed that risk {CC)
hymphocevtes secreted more pro-inflanmatory ovtokines {TNFa) and less antianflammatory
cytokines (IL-10} as compared with reference (GG) bvmphocytes. Cousequently, these same
catriers of the risk (CC) allele were shown to have increased carotid intimal media thickness
(cIMT}, a known surrogste for CVD event risk,

I vitro and fi vive yourine studies have suggested that sSLAGS regudates MHC class 11
signaling pathways to Hnit T cell activation and homeostasis, while a few clinical studies
have shown associations between sLAGS and niberculosts resistimce [Lienhardt et al, Active
tuberculosis tn Africa 18 associated with reduced Thi and moreased Th2 activity invive, G.
s.d. o Burd lnununol, 2002, Vol 32, pp. 1605-1613] and breast cancer prognosis { Thiebel et
al., A soluble lymphocyte activation pene-2 (sLAG-3) protein as a prognostic factor in human
brreast cancer expressing estrogen ot progesterone receptors. M-F. s.1. 1 Cancer Letters, 2006,
Vol 235, pp. 147-1531 In murine cells, Kistelow ef al reported that activated T cells induced
LAGS expression on B cells. [Kisielow M, Kisielow J, Capoferri-Sollami g, Karjalamen K.
Expression of lvamphocyie activation gene 3 (LAG-3) on B cells Is inducad by T cells, Eurl
Iramamod 20035, 35:2081-2088.1 They determined that LAG3 mduction on B cells was T cell

dependent and not dependent on other stimuli such as unmethylated CpG motif 1826,
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bacterial UPS, or anti-Ig antibody in combination with anti-CD40 and TL-4, In contrasi,
LAGS RNA and protein was deisctad in EBV-transformed B cells, with significantly higher
expression in EBV-transformed celly expressing the reference SCARBI rai0846744 G adlele
as compared with cells expressing the risk € allele. Although BBV wamsformation of B
tvinphooyies conld activais the cells, there was a significant difference in the level of LAGS
expression based on s HIB46744 penotype stratification.  Tmportantly, others observed s lack
of LAGS expression i B cells, such as Ramos cells {Baiveras B, Huard B, Miossec €,
Jitsukawa S, Martin M, Hercend T, Auffray C, Triebel F, Piatier-Tonneau D,
Characterization of the Iymphocyte activation gene 3-encoded protein. A new ligand for
buman leakooyte antigen class I antigens. § Exp Med 1992;176:327-337.] However, the
present inventor genotyped these cells and found that they were heteroxygous for the
rsl846744 variant. Morve recently, Morales et al showed that EBV positivity in Hodgkin
tymphomas were significantly associated with increased gene expression of LAG3. Morales
O, Mrizak D, Francois V, Mustapha R, Mivoux C, Depil S, Deconvelaere AV, Liome-
Huyghe P, Auriaul €, de Lavnoit'Y, Pancre V, Dethem WU Epstein-Bayr virus infection
induces an increase of T regulatory type | cells in Hodpkin lvmphoma patients. Br J
Haematol 2014 July 9. Epub ahead of print]

Stadies with murine models have shown that sthevosclerotic lesion size and
inflammation are increased when there is a deficiency of inhibitors-of T cell activation,
including the PD-1/PD-L1 and PD-L.2 pativways and regulatory T cells | Adaptive immunity
in atherogenesis: new insights and therapeutic approaches. Lichiman AH, Binder CJ|
Tsinukas S, Witztum JL. sk 2 J Chn Invest, 2013, Vol. 123, pp. 27-361.

Baixeras et al, supra, characterized the cellular distribution of LAG3 in g nomber of

cell ines and demonstrated that LAG3 resided within lipid rafts. Subsequently, Woo ef al.



1

st
8

28

WO 2018/049410 PCT/US2017/051210

reported the mpracellular distribution of LAGS and found that LAGS was squally distributed
between intracellnlar compariments and the plasina mambrane. {Woo S-B, Li N, Bruno TC,
Forbea K, Brown 8, Workman O, Drake €G, Vignali DAA, Differential subcellular
focalization of the regolaiory T-cell protein LAGSS and the coreceptor CD4. Bur ) Inununol
201401 788-1777)

By using flow cvtometry, the present inventor confinmed that Jow levels of LAGS
were detected on the cell surface of rs10846744 risk O expressing cells regardiess of
stinmtlation conditions. However, LAGS was expressed on the cell surface w unstinuudated
1310846744 reference G cells and s tevels inoreased significantly after stimulation. These
results in EBV transformed B cells are in contrast to those reporied by Woo et al, saprs, in
that they reporied that LAGS was expressed on the surface only in activated T cells.

{t is also known that lipid vafl signaling is essential for B cell activation. [Simons K,
Toomre . Lipid rafts and signal transduction. [Nat Rev Mol Cell Biol 2000; 1:31.39]
Specifically, stinudation of the B cell receptor (BCR) initiates phosphorviation of the
immunoreceptor tyrosine-based sotivation motifs (ITAMEgY in the cytoplasniic tails of CDTA
and CD7IR Qransmembrane inmunoglobulbn (Ig) receptor gssociated with Tg-alphailp-bets
heterodimers) {Schamel WW, Reth M. Monomeric and oligomeric complexes of the B eell
antigen receptor. Immunity. 2000,13:5-14] Phosphorylation of TTAMSs serve as docking siies
for Svk, which is mediated by different Sre family kinases (SFKs) including Fyn, Blk, and
Lyvn [Takata M, Sabe H, Hata A, Inazu T, Homma Y, Nukada T, Yamamura H, Kwrosaki T.
Tyrosine kinases Lvn and Syk regulate B cell receptor-coupled CaZ+ mobilization through
distinct pathways, EMBO 1 1994 13:1341-9.1. Lyn i3 the major protein invelved i lipid
raft signaling upon B cell sctivation {Simons, supra). This activation initistes the coordmnate

assembly of the “signalosome”, composed of a variety of intracellular signaling molecules
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angd moludes Bk, phosphatidylinesitol 3-kinase (P13K) and PLCY2 [Blx ES, Inish IM,
Husebekk A, Delabie J, Forfang L, Tierens AM, Myklebust IH, Kolstad A. Phosphe-specific
fow ovtometry identifies aberrant signaling in indolent B-call Iymphoma. BMO Cancer
F012:13:478.] PLOYR i the predontinant isoform expressed in baman B lymphocytes
[Cogeeshal]l KM, MoHuph 3O, Alonan A. Predominant expression and activation-indaced
tyrosine phosphorylation of phospholipase Chganmma 2 in B ymphooytes. Proc Nat! Acad Sui
US A 19920 8905000-4.] Ty also indispensable for BCR-mediated phosphoinositol
hydrolysis and the subsegoent biochemical events including PRC activation [Sugawars H,
Karosaki M, Takata M, Kurosaki T. Genetic evidence for involvement of type 1, type 2 and
type 3 inositol 1, 4, 5-trisphosphate receptors in signal fransduction through the B-cell antigen
receptor. EMBO J. 1997, 16:3078-88].

MHC class 11 is the main ligand to LAG3, and the latter binds 1o the former with high
affinity where 1 negatively regulates cellular proliferation, activation, and homeostasis of T
cells, and has been reported to play a role in Treg sappressive function. By contrast,
signaling through MHC class 11 in Hpid raft microdomains on a subset of dendritic cells after
it 15 bound by soluble LAGH (sLAGH) resulis in dendritic cell activation. The inventor has
now discovered that cellalar LAGS in lvmphocyies ix causal in regulating the
phosphosignaling cascade. Thus is a distinct and novel fimction of LAG3, independent of its
previous kaown function of binding to MHC class i receptors.

However, the major apolipoprotein associated with HDL particles, apoA-l, has been
shown o inhibit inflammatory cyiokine production by inlubiting activation of monocvies by
T lymphoceytes fHyka N, Dayer J-M, Modoux C, Kohne T, Edwards 1l CK, Roux-Lombard
P, Burger D Apolipoprotein A-I inhibits the production of mierleukin- 1 and tumor necrosis

factor-a by blocking contact-mediated activation of monocytes by T lvmphocyies. Blood
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2001; 97.2381-2389]. Specifically, Hyvka st al. observed that apoA-~] inhibiled cvtokine
production from stinulated monooyies by frst binding to a swrface factor, which suggests the
possibility that apoA-~] might interact with surface LAG3,

The significant association of SCARB variant, rs10846744, with coronary heart
disease (CHD Y was shown w Mamchatkal et al (Arterioseler Tlromb Vase Biol 2012,
32:1991-1999). However, previous analyses do not show that rs10846744 is directly
associated with SCA and incident CVD. This is because; as the present inventor has found,
LAGS3 1s an mportant immune regulator that medistes the association of rs1 0846744 with
atherosclerotic disease and CVDL LAGS protein expression on effector and regulatory T ecells
may inhibit T cell receptor (TCRmediated activation by blocking TCR interaction with
MHC class 1, and LAGS protein on plasmacytoid DCs may indirectly sappress effector T
cells by other mechanisms. LAG3 protein deficiency may lead 1o enhanced inflamnmasome
mediated -1 and 1.~ 18 production by DCs and macrophages, two oytokines that skew T
cell differentintion o inflanmaatory phenotypes that possess specialized cytokine potential
{The interfeukin-1 famiby: back to the futare. Garlanda €, Dinarello €A, Mantovanmi-AslL
Tnmanity, 2013, Vol. 39, pp. 1003-1018]

Thereforg, LAGS protein deficiency in mice (Lag?) and bumans (LAGI) 15 predicted
to enhance pro-atherogenic T cell responses to hypercholesterolenia and lead to increased
plague inflammation snd/or increased plague development.

1t has not been obvious that deficiency of LAG-3 protem due to genetic variations
exists in humans and that it is significantly associated with atherosclerosis, other chronie
inflanumatory diseases, cardiovascular and/or noncardiovaseniar mortality, Based on the
mediator role that LAG3 plavs 8 OVD and other chronie inflymmatory disesses, the present

mvention discloses a methed for using LAG3 expression profiling as a biomarker for
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assexsing patients af risk of OV based on vertain SCARBI and LAG-3 gens vartations and
ather genetic and non-genstic factors that increase risk for clinically significant
atheroaclerosly, other chrone inflammaiory dissases, chronie inflammatory diseases,
dyvsfimctional HDL, cardiovascualar andior non-cardiovascular morbidity and mortality and
for aneliorating said visk with a novel recombinant LAGS companion therapeutic.

The therapeotic activity of IMP321 (the human dimerie soluble form of LAG3} i8
well-knowsn w pre-clinteal as well as clinical shudies. It hay beew showay that the
combination of RLAG3--Ig as an adjuvam with chemotherapeotic agents is superior fo either
{regtment on s own,

Furthermore, a LAG3S blockade may be combined with blockade of other inhibilory
receptors, such as PD-1, resulting in enhanced T cell activity and protection from disease. In
addition, the therapeutic activity of soluble recombinant dimeric LAG3 protein s also known
i several respects. [Sierro et al, "The CD4-like molecule LAG-3, biology and therapeutic
apphications”, Section 3] In humans, recombinat LAG3S induces DC activation and provides
fongre adjuvant activity (in conirast 1o the inhibitory sctivity of the membrane-boynd fhrm
of LAG-3). Andreae of al., “Maturation and setivation of dendritic cells indoced by
beraphogyte activation gene-3 {CDR23Y", T hanwnol, TERARTI-B0 {2002},

United States Patent 6,410,509 to Triebel (Institut Gustave-Roussy) issued Jung 25,
2002 shows the use of BLAGS as adjuvant for vaccination and i cancer frestment, the
svstenuic administration of selable BLAG3 directly mducing an inhilsition of i vive tumor
growth (see Example IV). Similarly, United States Patent Applicanon 20110008331 to
Triebel (Imnrutep) published January 13, 2011 shows the periodic nse of a recombinant
LAGS to boost a monocyie-mediated immune response, it particular to elicd an mcrease in

the mumber of monocytes in blood. The application notes the discovery “entively
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pnexpeciedly™ that human LAGS or derivatives thereof when inoculatad into patients with
highly malignant tunors induced 2 potent immunity which is monocyte dependent. The
mduced mmunity manifesis Haelf by a significant mcrease in blood moBocyie counts,
Diespiie the wee of hLAGS as g vaceine adjovant 1o boost T-cell cownts it known cancer
patients, bo ong has yet beett motivated {0 peremptorily streen for 8 LAGS defliency mavker
and, if found, amediorate the conseguent risk by treating prospective patients with
recombinant haman LAGS by periodic sdminisiration of at different time polnts. The present
mventor does this by pre-screening patients at risk for cardiovascular disease, other chronic
mflammatory diseases, cardiovascular andfor non-cardiovascular worbidity and mortality
using specific 2-point expression profiles (combinations of mutations andfor non-genetic
causes , .., SCARRBI 1510846744 mutation andfor LAG-3 rs87084Y or other genetic or non-
senetic canses and a mtation), followed by a8 tatlored therapeatic regimen using recombinant

human tymphoeyie activation gene-3 as g companion therapeutic.

SUMMARY OF THE INVENTION

H is, therefore, an object of the present innovation o provide a novel strategy for
assessing patients atrisk for cardiovascular disgase, other chronic inflaramiatory diseases,
cardiovascular andfor non-cardiovascular morbidity and mortality based on lvnphocyte
activation gene 3 {LAG3) protem deficiency, and for mediating said risk with a tailored
therapeutic regimen including use of recombinant lnmman lymphocyte activation gene-3 as a
companion therapeutic.

in one embodiment, the method comprises a first step of qualitatively pre-scisening a
subject tor one or more risk factors for developing cardiovascular disease, a second step of

quantitatively detecting a LAG3 protein deficiency in a sampls from the subject, and a third

10
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§  step of'treating the subject with recombinant human lymphocyte activation gene-3 as g
companion therapenlis to ong or wore agents selecied from the group consisting ofd an ani-
fnflammatory agent, an agent that fmproves HDL-C function; size, and/or composition in the
subject, an agent that decreases dysfimctional HDL-C in the subject, PCSKY inhibitors {8
new class of drigs that have been shown to dramatically lower LDL chicdesterol Tevels), or

1 any other cholesterol-lowering bislogic, cholesterod sltering small molecule, agents that
nanve LAGS finction by binding to MEC class I molecules, agents tha minsic LAG3
phosphosignaling effects, agenis that minuc the vole of LAGS in CD4+, CD&+ T, NK cells,
monocytes, dendritic cells, B regs, and Tregs that do or do not bind MHC class 1T molecules,

and agents that mimic the role of LAGS in lipid rafis of cell membranes,  LAG3 mibmelics

st
8

could include small molecule agents, microRNAs, oligonucleotides, bielogics, sctivating
antibodies, agents that affect DNA or RNA structuve ov flexibility that affect LAG3
transcriptional regelation including agents that regulate wtracellular cations such as
potassium, sodiam, lithiem, and caloham,

Other objects, features, amd advantages of the present fnvention will become more
20 apparent Fromthe following detailed description of the preferred embodiments and certain

modifications thereof,

BRIEF BESCRIPTION OF THE DRAWINGS

25 Other objects, features, and advititages of the present invention will beconie more
apparent from the following detatled description of the preferred embodiments and certain

modificatinas thereof when taken together with the accompanying drawings n which:

11
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FIG. 1 isa graph of plasma sLAGS levels significantly associated with SCARBI
rs1OR46T44.

FIG. 2 15 a graph of sLAGS associgtion with small HDEL particles by NMR,
speclrascopy.

FIG. 3 15 a block diagram of an eviernplary einbodimhent of the present diagnostic
method,

FIG. 4 fisty accession mumbers and seguence Nstings for sultable recombinant human
LAG3S, which can be etther in monomeric or dimeric form.

FIG. 3 Table 2 shows nmftivariable regression analyses of independent prediciors for
plasma LAG-3 (A) and HDL-C {(B); MESA.

FIG. 615 a eytogram graph of the cell surface expression of LAGS in rs10846744
reference G and rs10846744 visk C expressing cells measured by flow cytometry.

FIG. 7 s a graphic analysis of cell surface expression of LAG3S msl0846744
refevence G and risk C expressing cells as measured by flow Cytometry.

FIG. 8 38 g graph of the changes in LAGY protein levels in the media over time
following activation from rs 10846744 reference G and 110846744 risk C expressing cells,

FIG. 9 is a graph of changes in seorgted ovtoking (TNFu and 1L-10} levels w the
maedia over time following activation in rs1 0846744 reference G-003 and rs10846744 risk C-
(08 expressing cells.

FIG. 10 llustrates how LAG3? protein 15 crucial in BCR signaling, and is causal n
affecting phosphosignaling.

FIG. 11 illustrates how LAG3 protein i8a characteristic marker of lipid ralis.

FiG, 12 s a conyprosite of tables (Tables 3-6) of multivariable repression analyses.

12
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FIG. 13 is 3 praph of CD4+ Lagd T cell sctivation in mice following high fat feeding,

FIG. 14 shows that bone mamrow transfer of Lagd null cells in Ldd recipient mice and
then fed a high far diet led to significantly groater infiliration of CD4™ T cells in the aortic
Toot

FIG 15 shows that bone marrow transfer of Lagd null cells in Zolle recipient iice was
significantly associated with increased atherosclevotic lesion size and increased parcent of
exTregs in draining para-aortic lvmph nodes.

FIG. 16 is a composite graph of recorshinant human soluble monomeric LAGS bound
o mouse B splenocytes expressing MHC class I molecules in a dose-vesponsive manper.

FIG. 17 is a graph showing recombinant human soluble monoweric LAG3 bound
preferentially to mouse B cells {which express MHC class 1 molecules) compared with
mouse T cells {which do not express MHC class I molecules) m a dose-responsive manner FIG 18 shows the

such as phorbol esters, ionomycin, sand imterfenk g4,

DETAILED DESCRIPTY

The present invention provides novel methods and kits for deternuning whether a
subject bas ov is prodisposed to atherosclerosis, chronie inflammatory disease, Tncident
Cardiovascutar Disease (HD), other pathologies characterized by an inflarmmatory vesponse,
cardiovascular andfor non-cardiovaseular merbidity and mortality, and for ameliorating the
risk by a tailored therapeuntic regimen using recombinant human lymphocyie activation gene-

3 as a companion therapeutic with one or more agenis selected from the group consisting of

13
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an anti-inflammatory agent, an agent that impryves HDEL-C function, size, andior
composition in the sabjsct and an agent that decreases dystunctional HDL-C m the subject,
andior agents that mimic all the functions of LAG3.

”n

As used heretn, the vngular forms “a” “an,” and “the”™ include the plural reference
wiiless the context cleaddy dictates otherwise. Thus, forexample, a reference tod “protein™is 8
reference to one ormore profeins, and includes equivalents thereof known (o those skilled in
the art, Any and all references-to a SNP by the “rs” designation, for example rs10846744
hereby incorporates the associated nmucleotide sequence which is easily retrievable by known
methods. Specifically, the nucleotide sequence for rs10846744 is retnevable, for example,
from NCBI's dbSNP Entrer database. SCARBI refers o the HDL-receptor gene, scavenger
receptor class B type | {(SCARBI), and LAG3 means the immune checkpoint inhibitor,
Lymphoeyte Activation Gene-3 (LAG-3). The term “adjevant” is hevein defined as a

substance that enhances the body's immunie response to an antigen.

LAGSE SNPs and cellul 8 Specifically, g polvmorphism thatovenrsdn the

renes can be used as 8 dlagnostic predictor of

3
&

coding sequence of the SCLRET andior L4G3
pathologies such as infection, nflammation, chronic inflammatory disease, coronary arnesy
disease, cavdiovascular andfor nou-cardivvascular morbidity and moriality. The present
inventor has used RNA sequencing to identify the immune modulator LAGI as playing a
major role i the caunsal pathway linking the association of the SC4RB! intronic variant,
510846744, with subclinical atherosclerosis and incident CVD. Vahdation experiments

confirmed the significant association of SCARE! rs 10846744 with LAG3. The experiments

14



1

st
8

28

WO 2018/049410 PCT/US2017/051210

observed sipnifivanthy Tower Tevels of SLAGS fn the culture media from 1310846744 visk €
expressing cells as compared 10 the 1818840744 reference G cellx. Thus, the different
methodologies confirmed that less LAGS protein was expressed in the rs10846744 risk ©
cells. The inventor then examined what effect ifany, the'lack of LAGY muight have on the
downstreant signating pathway in EBVuransformied B cells. The resulis clearly showed
stgntficant differences in Hpid rafl signaling between rs 846744 risk C and 110836744
reference G expressing cels. The absence of phosphoryviation of COTHA i the 310848744 €
risk allele indicates that impairment of LAG3S o the membrane causally inhibits the
interaction between the recepiors initiating proximal and downstream signaling, further
indicating the critical role of LAGS 1 B cell activation. Importantly, overexpressing or
silencing LAGS confirmed the causal role of LAG-3 in downstream signaling, a new
observation identified by the inventor. Combining data derived from RNA-sequencing and
the i virro studies of LAGS from the EBV-iransformed B cells. and with the knowledge that
surface LAG3 was cleaved to genervate sLAG3S, the present inventor explored whether plasma
sLAGSE levels would be significantly different between carriers of the rs10R46744 variant,

FIG. 1is a praph of plasma sLAGS Tevels significantly associated with SCARBI
1510846744, and shows a significant difference in plasma sLAG3 levels between HALP
carriers of the rs10846744 reference GG vs. 510846744 risk CC gllele. Within the field of
atherosclerosis there was no previous associations of HDL lipoproteins andior subfractions
with LAG3 or sLAG3,

There was no observed association of plasma apoA-I with rs10846744 or sLAG-3 bt
did find a significant association of these variables with small HDL particles.

FiGs. 2 shows sLAGS significantly associated with small HDL particles by NMR

spectroscopy. sLAGS levels were inversely associated with small HDL particles in fasting
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plasma samples from HALP subjects. Thix dats was not stratified by carvier status for
rsIOR46T44 (P=0.01, r=0.27, =81 1. Also, small dense HDL panicles, which ave enriched In
apod-and cholestero] poor, have been positively associated with increased risk for CHD in
a number of large chintcal studies.  Cellular LAGS expression and function were significantly
retduced incslls iSolated fram Cartiers of the 110846744 risk € allele. More wnportatitly,
circulating sLAGS levels were significantly lower in these same carriers 48 measured in the
HALF. Do conclusion, LAGS, an important e vegulator, has bean identifiad as being
transcriptionally controlled by the rs10846744 variant, as well a3 by LAG3 rsR70849 and

ﬁ(?ﬂ*f.:‘,(:)ﬂﬁﬁﬂ CAUSES.

The Piasgnostic Method

Generally. the present method entails & two-prong diagoostic, beginning with a
gualitative pre-screening as o whether a sebject has or is predisposed to atherosclerosis,
clvonic inflanwuaiory disease, Incident Cardiovascalar Disease (CD), cordiovascular andior
non-cardiovasenlar morbidity and miovtality, and other pathologies characterizad by an
inflanunatory responss by symplomatic expression of same o hased on npn-genetic causss |
Given a qualitgtive indication, the diagnostic continues 1o a quantittive inquiry based on a
blood sample. The sample may be analyzed by assay or by genetic testing. More
specifically, LAG3S protein deficiency can be determined by plasma, serum, or other
biological fluid measuraments using ELISA assays or other profein assays determined by
those skilled i the art. Alternatively, LAG3 protein deficiency can be determuned by
measurement of SCARBI mutations, such as rs10846744 or LAG? rs870849, other
SNPs/insertionsideletions, or non-genetic causes that adversely affect expression and function

of LAG3S protein. Genetic screening of a biological sample from s subject is neaded to

16



1

st
8

28

WO 2018/049410 PCT/US2017/051210

determine the presence of specific allslic varianis of one or more polvinorphic regions of an
SR-BI gensg conducted o determine the presance of the underlyving SCARBT mutation
1310846744, SR-B1(BCARBIY i3 the predominant recepior for HDL chodesters! and plays
an important vole i reverse cholesterol tramsport remwoval from calla with eventual disposat
viathe Hver), SR-B1 is highly expressed i the Tiver and steroidogenic issnes such as the
ovary, SR-B1 is thouglt tobe critical in maintaining cholesterob stoves for steroid
production. Given an expression profile comprising marker combinations of 1) non-genstic
causes plus 2) assay/mutation, a postlive pre-screening indication 15 followed by a tallored
therapeutic regimen (below) using recombinant Iymphecyte activation gene-3 as a companmon
therapeutic.

FiG. 3 1s a block diagram of an exemplary embodiment of the present diagnostic
method, which begins at step 10 with an initial pre-screening/quslitative disngnosis of a
subject for symploms andfor non-genetic canses predisposition to atherosclerosts, chronic
inflammstory disease, Incident Cardiovascelar Disease (JUD), cardiovasaudar andfor son-
pardiovascular morhidity snd monality, expeniesce of beart agack while taking statins o
other cholesterol Inwering medications, or any other pathology charactertzed by an
inflarnmatory response, sbnormal expression of mflanmasomes mdfor dysfumotional HIDL.

Given an initial positive pre-sereening, 8t step 20 g baseline protein assay andfor
genetic screening of a plasma or serum sample fron a subject for presence of low level
expression of Lvmphocvie Activation Gene-3 {LAG-3) is conducted. LAGS expression is
measured and compared (o a baseline threshold for low LAG3 should be plasima levels <3400
pefmil. This LAGS axpression profiling provides a positive biomarker for further assessment
of inflanungsomes, chronic inflamumatory diseases and dysfumctional HDL., The

proinflammatory state due to LAGS deficiency provides s novel protein biomarker for
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diseases gssociated with chronic inflammation, including avtoimmune dissase,
atherosclerosis, type 2 diabetes mellituy, age-related macular degeneration, and Alsheimer's
disgase. Murine and buman lymphocyie activation gene-3 assays may be conducted by
Murine Lagd and human LAG3 ELISA kits, which arg commarcially ayvailable.

At step 3O, and given the double-positive tndication of suspected presence of the
SCARBI pq10846744 or LAGI rsR70849 nutation, the patient’s onderlying SCARBI
1310846744 or LAGS 15870849 mutation s genetically confirmed. The presencs of the
SCARBI 1510846744 or LAG3S rs870849 mutation can be confinmed by a variety of known
methods including gevotyping. Genotyping may be carmied out by divect mutation analbysis
by DNA sequencing of » standard blood test. Genowie DNA s prepared from a whole blood
sanaple purified 1o isolate DNA from the blood sample. The purity and quantity of DNA may
be checked by spectrophotometry. The DNA is added to a plate and genotyped with an
oligo-Hgation assay {for example, SNPlex® is a suilable platform for SNP genotyping sold
by Applied Biosystems of Foster City, CA, USA) following manufacturer guidehnes. The
olipo-digation assay uses Huorescent dye-labeled probes to indicate presence of the SCARRB1Y
s 10846744 rontation or LAGS rs870849 mutation. Other methods useful in screening for the
presence of a specific gHelic vaniat of ong move polymorphic regions of an SR-BI gene
include, for example, DNA seguencing, hybricdization technigues, PCR based assays,
fluorescent dye and quenching agent-based PCR assay {Tagman PCR detection system),
RFLP-based techniques, single strand conformational polymomhism (SSCP), denaturating
gracient gel electrophorasis {DGGE), temperature gradient gel elecirophoresis {TGGE),
chamical niismatch cleavage {CMU), heteroduplex analysis based system, techuiques based
Ot Mass spectroseopy, invasive cleavage assay, polymorphism ratio sequencing (PRS},

nHCroATays, & rolling circle extension assay, HPLC-based techniguas, DHPLC-based
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techniques, oligonucleotide extension assays {OLA), exlension based assays ARMS
{Anplification Refractory Mutation System), ALEX (Amplification Refractory Mutstion
Linear Extension), SBOUE (Single base chain extension), & molecular beacon assay, invader
{Third wave technologies), a ligase chantveaction assay, nuclease assav-based techaiguss,
hybridization capillary avray electrophoresis (CAE), pyrosequenaing, protem truncation assay
(PTT Y impmunoassays, baplotype analysis, and solid phase hybridization {dot Mot reverse dot
blot, chips), efe. One fype of sereening miethod is allele specific hybridization using probes
overfapping the polymorphic sie and having showt 5, 10, 20, 25, or 30 nucleotides around the
polvmorphic region. In one embodiment of the nvention, several probes capable of
hybridizing specificatly to allelic variants are attached o a solid phase suppord, e.g., 8 “chip”™.
Oligonucleotides can be bound to a sohd support by a vaviety of processes, inchuding
fithography. Tndeed, a chip can hold up to 230,000 oligonucleotides {(GeneChip®,
Affymetrix®),

in one embodiment, a chip comprises all the allebio vartants of at least one
polymorplic region of the SCARBY andfor LAG3S genes. The selid phase supportisthen
contacted with & test aucleic acid and hybridization to the specific probes is detecied.
Accordingly, the ideniity of numercus allelic variants of oue or more genes can be identified
in a simple hybridization experiment.

in some screening methods it is necessary to first amplify at least a portion of the
SCARBI or LAG3 gene prior 1o identifving the allelic variant, Amaplification can be
performed, e.g., by PCR, according to methods known in the art. In one embodiment genomic
DNA of a cell is exposad to two PCR primers and amplification for a numbser of cveles
sufficient o produce the required amount of amplified DNA. Because SNPs constitute sites

of variation flanked by regions of mvariant sequence, their analysis requires no more than the
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determination of the identity of the single nucleotide present at the site of variation and i 13
wnecessary to determing 8 complaie gene sequence for sach patient. Several methods have
been developed o facilitate the analysiy of such single nucleetide polymuorphisms. The
methods described herein nay be performed, for example, by utilizing pro-packaged
diagnostic kits, such as those deseribed above, voniprising al Jeast one probe oy primer
nucleie acid described herein, which may be conveniently ased, e.g., to deternune whether a
subjeet bas or is at increased risk of developing w disease assoviated with a specific SCARBI
andior LAG3S allelic vanant. The methods of the present invention, including methods for
sdentifying the presence of an allelic variant or SNP in the SR-BI gene of a subject may be
combined with other infornmation ov parameters using the methods well known v the art o
aid in the identification of subject with deficiency in the LAG3 protem,

Given confirmation, st step 90 the present method initiates a therapeutically-effective
regimen of the cholesterol medication probucol, in combination and sinultaneous to a
regimen of recombinant LAGS at step 95, The recombinant LAG3 is recombinant buman
LAGS, sither full-dength or soluble truncated Form as deseribed below, ora LAG- mimetic,
As a companion therapeutic, the LAG3 or LAGS numetic works 1o synergy with the
cholesterol medication to treat patienis found to have LAGS protein deficieney. The LAG3
mimetic may be any suitable apent that that mimics LAGS function inclading small molecule
agents, nueroRNAs, oligonucieotides, biclogics, activating antibodies, agents that affect
DNA or RNA structure or flexibility, or agents that affect LAG3S transcriptional regulation
including agents that regufate intracetlidar cations such as potassium, sodium, Hihium, and
calciwm. It is possible to replicate the function of Lymphooyie Activation Geng-3 (LAG3)
by expressing the recombinant protein that mimics the properties of specific naturally

occurring human LAG3S protein by constructing expression vectors that include LAG3
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sequences from the specific naturally occurring human LAGS sequences. For purposes of the
present description the term "LAGS mimetic” includes these synthetic LAGS proteins ax well
as any other known woleondes or agenty that minsie LAG3 phosphosignaling effects, agents
that inic the role of LAGS in CD& T eells, CD&+ T cells, monocyies, B cells and NK cells
that do or do not bind MHC clags Ihmoleenles, and agents that nimie the rele of LAG3 in
fipid rafls of cell membranes. An exemplary regitnen of probuce!l freatment may comprise
three-to-four months of low-dose reatment (250 mgfday), and even more preferably
comprises one-lo-two months of said freatments.  Treatment strategies used in combination
with the LAG3 diagnostic testing mclude state-of-the-art therapies related W sutotmmuane
diseases, atherosclerosis, dyslipidenus, cardiovascular disease, type 2 diabeles mellitus, age~
related macular degeneration and Alzheimer’s disease. For example, the present method
initiates therapeutically-effective regimens of the cholesterol medication probucol at step 30.
An exemplary regimen of probucol treatment may comprise three-to-four months of low-dose
treatment {230 medday), and even more preferably comprise ove-to-two months of said
tregtments,

The recombinant LAGS nay be Murine Lagd or Human LAGS protein, or a LAGS
nimetic either chemically synthesized as the full-length 1otact 521 amino acid protein or as
the truncated soluble form meassured in plasma, serum, or other biological flaids. The
chenical synthesis must be performed such that no insertions, deletions, premature stop
codons, or missense mutations are infroduced that matenally affect the expression and
fimetion of the normal protein. Accession numbers and sequence listings are shown in FIG.
4. The LAG3 companion therapautic or LAG3 mimetic mav be administerad by intravenous
infusion, SQ jection, SQ nfusion vig external pump, implantable pump (1.e. peritoneal

msulin pumps), intramuscular, inhalation, intranasal, intraveniricular, suppositories {vaginal
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5 andor rectaly, topical creams, topical gels, topical patches, spinal, sublingusl, oral, gastric
favage, pulmonary lavage, Delivery may be i pure form or with excipients, mchuding Ip,
atbuamin, glycosviation, pegyviation et

Finally, at step 100 monktoring comprises monthly safety Tabs with comiprebeansive
profiles and BRGs (o detenmine effecion LDL oxidution and on plasma-HDL cholesterol and
1 plasmadsenmm oytokines. One skilled in the art will readily undesstand that other sultable
therapeutic strategies mav be emploved to treat these genstically and non-gengtivally
screened mdividuals inclading, but not limited to, any other cholesterol and triglyceride
modifying medications, progestational and estrogen and estrogen-like medications, as well as

medications similar to probucol for lowering HDL cholesterol levels and as antioxidants,

st
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Treatments with recombinant human LAGS with or withowt other therapeutic agents would
be expected to be hife-long therapies.

Without further elaboration, it i3 believed that one skilled in the art, using the
preceding description, can utihize the present ivention to the fullest extent. To ensure this,
an exanple is given below.

28

EXAMPLE 1 ~ Materials and Methods:

Conununity dwelling adulis between the ages of 18-80 years with fasting plasma
HDL-C levels = 60 mpdd] (HALP) were enrolled in a chindcal study. The population was

middlg-aged and pradommantly white femrales. Al the time of enrollment none of the stndy

[
4

subjects were treated with cholestero! {owering niedications whether prescribed or over-the-
counter. Subjects consented to provide overnight fasting tood samples for analysis of lipid
profile, DNA analysis for SCARRT genotyping, and iymphocyte isolation from buffy coats,

One-way analysis of variance was used for multiple comparisons of categorical covariates,
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and Student’s t-test for two sample snalvsis. To assess the effect of time 85 a continuous
variable, quadratic polvoomial regrassions werg perfonmad with time as the dependant factor.
Probabality values £0.03 were considered statistically slgnificant. The frequency of the
homozyveous 1510846744 variant was similar to rates previously described inanalti-athaic
sindies of atherosclerosis, Trauscriptome analesis reveals differential expression of LAGE,
Since 110846744 resides within g regulatory region of SCARB T as shown by a bivinformatic
The mventor first examined

soreen of the ENCODE database {htipfeenomeucse.eded]

whether transeriptional differences existed between the 1310846744 reference GG and the
risk CC allele expressing B cells cultured under basal (unstimulgted) conditions. Since
131846744 35 on the long ann of chromoesome 12 we examined for ranscriptional
differences of targets also residing on chromosome 12 {cis). Five gene transcripts were
significantly downregulated and 3 gene transcripts upregulated in 110846744 risk CC cells
as compared with the rs 10846744 reference GG cells. In addition to wanscriptome
diffevences on chromosome 12, we also ohserved bter-chromosomal transcriptional
differences () that incloded significant vp-regulation of mtracelular inJamuminsome markers,
such as NLRP3 (rans). LAGR expression is significantly lower in rsl0846744 sk ©
expressing cells, I order o mensure changes incell surface LAGS expression following
activation, cells were first incubated with and withoot phorbol myristate acetate
{(PMA Yionomycin + mterieukin-4 (IL-4} and then LAG3 was measured by flow cytometry.
FIG. 6 plots the differential expression of LAGS in rs10846744 reference G and
110846744 risk C expressing cells using How cylometry, Transformed B lymphoeytes
homazygous for the rs10846744 reference G or 1510846744 risk € alleles were incubated

unider basal or stimulated cockiail (phorbol ester 500 np/ml, fonomyein 250 ng'ml, and IL-4
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100 L/mb) conditions for 0-4 h and stgined with isotype controd or anti-LAGS antibodies for
measurement of cell surface LAGS protein, and then fixed for flow oviometsy.

patel T ry10846744 feference G003 ¢ells under basal and stimulated conditions
stated with isotype control or LAGS antibodies; the data is representative of three
pdependent experiments;

panel I rs 10846744 rigk C-008 cells under basal and stimulated conditions stained
with 1sotype controb or LAGS antibodiss; the data is representative of three independent
experiments,

FIG. 7 is a graphic analysis of cell surface expression of LAG3+ cells as measured by
flow cytometry,

Panel  represents pooled data Gmean + SE) of three independent experiments from the
11846744 veference G-003 cell lines, each experiment performed with triplicates (n=9,
P0.0001 compared with baseline).

Panel 11 represents pooled data {mean + SE) from all the 1510846744 reference G cell
fings (w=1%, p<0.0001 compared with baseline).

Panel T represents pooled data (mean = SE) of three independent experiments from
the rs1 0846744 vigk C-008 cell Hnes, each experiment performed with triplicates (=9,
063, Panel 1V represents pooled data Omean + SE) from all the risk C cell lines (=15,
p=04).

FIG, 8 is a graph of the changes in LAGS protein levels in the media over thme
following activation from rs 10846744 reference G und rs10846744 risk € expressing ¢ells,

Panel | represents pooled data (mean = SE) of three mdependent experiments from the
ral 0846744 reference G-003 cell lines, sach experiment performed with triplicates {(n=9,

P<0,0001 comparad with baseline), and from pocled data (mean + SE) of three independent
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experinienis from the 15 10846744 visk U-008 cell lings, sach experiment performed with
triplicates {n=Y, p=.06},

Panel I represents pooled data (mean - SEY from o}l the w1 0846744 veference G eall
fines {o=18&, p0.0001 compared with baseline) and pooled data {mean £ 8B} from all the
10846744 tisk C coll Hnes (n=18, p=0.04).

FIG. 9 iv g graph of changes in secretad cviokive (THiFw and 1L- 18 lovels inthe
media over time Tollowing activation in 131 0846744 veference G-U03 andrs] 0846744 pisk -
008 expressing cells.

Banel { represents TNFu pooled data (mean + SE} of three independent experiments
from the rs10846744 reference G-003 cell lines, each experiment performed with dophicates
{6, p0.0001 compared with basehine}.

Panel 11 represents TNFa pooled data (mean + SE) of three independent experiments
from the rs 10846744 nisk C-008 cell lines, each experiment performed with duplicates {n=6,
0001 compared with baseline). Panel 11 represents 11-10 pooled dats (mean + SE) from
the rs 10846744 reference G-003 cell lines, ench experiment performed with duplicates {n=6,
=002 compared with haseline), while Panel IV represents HL-10 pooled data {mesn 2 8E) of
three independent experiments from the re 10836744 risk C-008 cell Tines, sach experiment
performed with duplicates (=6, p~0.0001).

Referning collectively to FIGs. 6-9, at baseline, cell surface expression of LAGI was
92%: lower in the rs10846744 risk € expressing cells (2.02 = 2.&) as compared with
1310846744 reference G cells (26.3 = 2.6, p<0.0001), Following stimulation with
PMASonomyetn + {L-4, as compared with baseline levels, over time cell surface LAG3
expression decreased significantly i rs10846744 reference G (p<0.0001, 003 cell hne and all

combingd) and 1310846744 risk € expressing cells (p=0.06 foor 008 calls and p=0.04 for all
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5 combmed) (FIG. 7). In paraliel, over time, LAG3S levels increased in the medium from the
13 OR46 744 refersnce G003 cells (p=0.03, panst 1) as compared with no changey observed m
the a1 0846744 risk C-008 axpressing cells (FIG. B). However, thers were no statistically
significant differences in LAGS media levels when comparing combined rsi0846744
referefive G v3. 1sHI846744 risk combined O expressing cellx (FIG. §, panel H}. Over time
1 ThNFooand - levels i the mediuom were significantly bigher 1y rs10846744 risk ©
exprassing (008 cells as compared with 1510846744 reference G expressing 003 eelly (FIG. 9}
FIG. 10 illustrates bow LAG3 is crucial in BOR signaling. Whole cell lysates were
isolated from transformed B cells expressing the rs10846744 reference G or rs10846744 risk

C alleles under basal or cockiail stimulated (phorbol ester 300 ng/ml, tonomycin 250 ng/ml,

st
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and IL-4 100 Udml) conditions for 2 h. Reactions were termuinated by the addition of an equal
volume of bysis baffer and blotted with the indicated total and phospho-antibodies, The
results shown are from one representative experiment of 3 replicate pooled samples.
FIG. HA)Y Ramos cell Hine, GG (003} or CC {00R) cells: Stimulated G dlele colls,
phosphosignaling normalized 1o corresponding total protein, p-CD7IA (p=0.04), p-CD19
20 (p=0.04), p-Syk (p=0.005), p-Lyn (p=0.001), p-PLOY2 (p=0.004) and p-PKCR (p=0.463) 95
compared with unstimulated conditions m the reference G allele cells,
FIG. 10(8): BCR signahing amd overexpression of lentiviral LAG3-GEP or shRNA-
LAGS m unstinudated cells: CC cells p-Lyn (p=0.02); p-PRKCB {p=0.03Y and GG cells p-Lyn
{p=0.04); p-PKCP {(p=0.01) as compared {o cells sxpressing the Mock vector in the respective
25 allele
FIG. 10€Cy BOR signaling and overexpression of lentiviral LAGI-GEP or shRNA-
LAGS i stimulated cells; CC cells, p-Lyvn (p=0.01); p-PRCP {(p=0.01} in stimulated cells as

compared to stimulated cells expressing the Mock vector in the risk C allele. Short-hairpin
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RMA 1o knockdown LAGS in GG cells, p-Lyn (0002 p-PRCR ({1,009} in stimulated

cells as conpared to stimudated cells exprassing the Mock vector in the reference G allele

The resulis shown gre from one representative experisent of 3 replicate povled samples.
Following stimulation, none of the phosphorylated targets were datected in the

10846744 tisk € expregsing cells, while all targets were significantly expressed in the

s 1ON46744 veference G cells compared with the wostimudated condition p-CD79A (p=0.04),

p-CD19 (p=0.043, p-Sek {p=1.008Y, p-Lyn (p=0.001}, p-PLOY2 {(p=0.004} and p-PRCH

(p=0,.003).

Quverexpression or Silencing Of LAGSE Impacts Downsteeam Sivogling Pathways

{n order 1o divectly assess the effect of LAG3 on downstream signaling pathways, we
performed experiments wherein LAG3 was overexpressed in rel0846744 rvisk C expressing
cells {which have decreased LAGS levels) or silenced LAG3S in rs10846744 vreference G
expressing cells that express endogenous LAG-3 protein.

As shown in FIG. 14(B), overexpression of LAG3S in basal or stinudated rs 1084674
risk O cells was assoginted with signilicantly increased levels of phosphorylated targets
{p=0.04 Tor p-Loyry p=0.03 for p-PKCPH in unstimulated cells and p=0101 fov p-Lyn; p=0.01
for p-PKCH in stimulated cells) as compared with control cells (these being cells that were
transfected with an empty vector). Silencing of LAGI was associated with significantly
fower levels of phosphorviated targets (p=0.062 for p-Lyn; p=0.009 for p-PKCP in stimulated
cells) in the rs 10846744 reference G cells as compared with control cells (FIG. 3(C).

Cazriers of the rs10846744 risk C allele bad sipgnificantly less plasnia soluble LAG3
{sLAG3}. Given that LAGS expression and function was reduced in the 1310846744 nigk ©

exprassing cells, we next determined if LAG3 proteinlevels would be significantly different
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i plasma isolated from HALP carriers of the seference G and risk U alleles; this study group
constituting the discovery cohort.

FIG. 11 shovws that the expreasion of LAGS is reduced in lipid rafly and dovwnstream
signaling is tmpaired in 151846744 risk € expressing colls: Since LAG3S has been shown to
focalive v hpid rafts o activated cells and affect downstretm phosphosignaling, the inventor
tested whether this LAGY dowrnvegndation impacted downstream signaling pathways. In
1310846744 risk (CU) cells LAGS was not identified in bipid rafts, whether cells were i the
basal state or stinulated with PMAjonomyain/il-4, Lipid rafls were 1solated from Epstein
Barr Virus (EBV)-transformed B cells under basal or stimudated conditions {phorbol ester,
PRMA SOU ngdml, onomyvein 230 ng/ni, and -4 100 Wiml) using a modified three-step
sucrose density gradient for sodium carbonate-extracted homogenized lysates. Expression of
the following targets was deternuned by inununoblotting using specific antibodies: LAG3;
LYN and FLOT2 (Flotillin) {all ipid rafl markers). Expression of LAG3S protein {(normalized
o FLOT2) localized to the lipid raft fractions of the stimulated reference (GG) cells (B, laves
2-3) as conipared with the basal condition (A, lanes 2-3), N=3,_ p=0.03. LAGS3 protein was
not detected in the risk (CC) cells whether under basal {C, tanes 2-3} or stimulated conditions
{12, lanes 2-3). A two-sided Student’s t-test was nsed to analyze results and the blot is
reprasentative of one of three independent experiments. P values less than 0.05 were
considered sigmificant.

As indicated agbove, FIG. | shows the plasnia sLAGE levels sigmficantly associgted
with SCARB1 rs10846744, As seen in FIG. H{A), plasima sLAG-3 {evels were sigmificantly
tower in subjects homozvgous for the risk € allele (CC: 3430 2 2339 pp/'ml, p=22, p=0.03) a5
compared with subjects homozvgous for the reference G allele (GG 10,169 = 1120 peimd,

w06} or heterozygous subjects (GC 11,139+ 2288 pp/ml, n=23}
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Association of RaiOR46744 and sLAGS Witk Lipid Subfactions

The inventor next exploved the gssociation of ralO846744 and sLAGS with hipid
fevels and HDL subfiactions.  In this HALP population, she did not observe an assoctation of
1510846744 or sLAG-3 with total cholestered, LDL-C, trighvestides, v HDL-C (data nit

1y shown} Likewise we did not observe any gssociation of rsl0846744 or sLAGS with plasma
apolipoproteins {apoA-L apoA-IL, apoB, apoCl, apoCH, apoC-1H, and apoE). A sigmBicant
association of rs 10846744 with HDL subfractions was observed when measured by NMR
SPECIrOSCopY.

Referring again back to FIG. 2, the graph shows rs10846744 significantly associated

st
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with median and small HDL particles as measared by NMR spectroscopy. The medium and
stoall HDL particles were measured by NMR spectroscopy (Liposcience, Raleigh NC) in
{asting plasma samples isolated from carmers homorygous for the reference G allele and
homourygous for the risk C allele for rs10846744. The valoes shown are mean + standard
deviation of mediwm dnd small HDL particles (uno¥L) and HDL size {om).

20 Racelethnicity, SCARBS 1510846744 and other covariates are independent predictors
of plasma LAGS levels in MESA. In a multivariable regression model, race {p=0 0005), age
(r=00.003), lipid medications (p=0.03), rs10846744 genotype {(p=0.002), and smoking status
{p<0.0001} were retained as ndependent predictors of plasma LAG3 levels (FIG. 5, Table

2.A) Plasma LAG-3 (p<0.007) remained an independent predictor of HDL-C levels even

3
L

with adjustment by age (p=0.006), sex (p<0.0001}, BMI (p<0.0001), TG (p=0.0001), alcohol
use {p<0.0001), Hgbay (=001, and sysiolic BP (p=0.03) {FIG. 5, Table 2.B}.
Logistic multivariable regression analysis revealed that plasma LAGS was not

significantly associated with subclinical atherosclerosis (¢fMT) (p=0.23) or coronary artery
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calcium score (CACY (p=0.062). FIG. 12, Table 3 is a mubtivariabile regression snalvsis
showing the association of plasma LAGY with CHD in MESA participants. Covariates
included race, PCyof ancestry: age, study sites, sex, Habgr., BME Hpid medications, lpids
{TC and LDL-C), smoking pack years, systolic BP, and diastolic BP. The estimated
coufficient of LAG3 (SE) was -0.078 (0034}, For LAGS, the odds ratio was'estiniated by
comparing the 1™ quartile vs. 3™ quartile of the variables. For the other continuous variables,

srd

the odds ratios were estimated by comparing 3 quartile vs, 1% quartile of the

variables *N=4707, *p<0.0001; **p=0.02; “p=0.0002; “p=0.04; “p=0.002; *¥p=0.03;
0,05

Logistic multivariable regression analyais revesled that, in addition {o traditional risk
factors such as age (p<0.0001), sex (p<0.0001 §, sysiolic blood pressure (p=0.0002}, LDL-C
{p=0.02), TC {p=0.04), lipid medications (p=0.002}, Hebay, (=0.03), and smoking {(p=0.05),
plasma LAGS (beta -0.078, OR 115, p=0.02) was an independent predictor of CHD.

The prevalence of participants within the MESA cobort with HDL-C = 60 mg/dl was
J6%e, and within this group, the prevalence of CHB was 4% and not significant betweey the
racefethnic groups. HDLAC levels in subjects with CHD (n=33 72 4 % 1.6 mp/dD) werenot
sigmficantly different compared il subjects without CHD (n=1387, 718 2 0.3 mgdd],
=171}, However, plasma LAG3S levels were 2-fold lower n subjects with CHD (8433 &
540.1 pg/ml, n=358) g8 compared with subjects withouwt CHD (1828 & 107.6 pgfml, n=1386,
=104}, In a logistic regression analysis, plasma LAG3 (beta -0.212, OR 1 45, p=0.004), age
{p=0.006), sex {p=0.001), and diastolic blood pressare {p=0.03) were retgived as independent
prediciors of CHID. FIG. 12, Table 4 is a regression snalysis showing the assoctation of
plasma LAG3 with CHD in MESA participants with HDL-C 2 60 mg/dl. Covanates included

race, PCs of ancestry, age, study sites, sex, HgbAle, BMI, lipid medications, lipids (TC and
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LPL-D), smoking pack years, systolic BP, and dinstolic BP. The estimated coefficient of
LAGS (SEY was 0212 (11073}, For LAG3S, the odds ratio was extimated by comparing the
st quartile vs, 3ed quartile of the variables, For the other continnous variables, the odds
ratios were estiated by comparing 3rd quartde v, st quarnle of the vaniables. *N=1134,
=004 P p=0.006; =000 SHp=0.03 (Table 4).

The inventor also exemined whether plasma LAGY i the MESA cobort woudd
significantly affect CHD risk prediction in companizson to the Framingham nsk score, FIG
12, Table 5 1s a hkehhood ratio test comparing model 2 (log-transformed plasma LAG3) with
madel 1 (Framingham Risk Score i0 estimate the 10-vear cardiovascudar risk of an
wdividaal}. Table 3 indicates that inctusion of plasma LAG3S provided significant additional
information in predicting CHD risk (p=0.039), Models 3 and 4 were adjusted for study sites,
race, and PCs of ancestry; the hikelthood ratio test of comparing model 4 with model 3
confirmed that nchusion of LAGS provided significant additional information in predicting
CHD risk (p=0.044). Tt can be seen in FIG. 12, Table 3, that plasma LAG3 increased CHD
visk prediction in comparison to the Framingham risk scove {p=0.039). When the medel
weladed adyustment for study sites, race, snd PCs of ancestry, plasma LAGE remained
significant sy a CHD nisk predictor {p=0.04}.

Given observance of a significant correlation between LAGS and inflammatory
markers from cultured B cells, the inventor pvestigated whether plasing TAGS was
associated with inflasamatory markers available in the MESA datasets. FIG. 12, Table 6
shows the association of plasma LAG3 with inflanwmatory markers in MESA participants.
Regression models were adjusted for age, sex, study site, race, and PCs of ancestry. All
ontcome variables and plasma LAG3 were log transformed. sTNFPaR=golable TNFg

receptor; hs-CPR=high sensitive C reactive protein. As seen in Table 6, following
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multivariable regression analysis plasma LAG3 was positively associated with IL-10
{(p<R.60011Y.

i conclusion, this establishes the utility of this novel strategy for qualitatively pre-
sereeming 3 subject for one or more tisk factors for developing cardiovascular diseass, a
second slep of qhantitatively detecting a LAGS protent deficienty by either genotyping 1
presscreen for presence of the SCARBT rs 10846744 andfor LAGS 870349 mutation ot
measuring plasmasserom LAG3 to identify patients with levels below 3400 peimi | followed
by a tailored therapeutic regimen to mediating said diseases.

EXAMPLE 2 - Materials and Methods:

The culture medium used in all experiroents was RPMI 1640 supplemented with 10%
fetal bovine serum {FBS), 100 Uiml penicillin, 100 pg/ml streptomycin (all purchased From
Life Technologies, Carlsbad, CA). For vmphocyie stimalation, phorbol 12-myvistate acetate
{PMA} and jonomycein calcium salt were purchased from Sigma-Aldrich (St Louis, MO}
while fntereakin-4 (1L-4) was purchased from PeproTech (Oak Park, CA). LAG3 and
isovype control fluorephore-conjugated monacimat antibodies were parchased from
Biolepend Ine. (San Diege, CA). Antibadies used for signaling were purchased from Cell
Signaling Technologies (Beverly, MAY: anti-CD79A (#3351}, amti-phospho CDT9A (Y182}
(#5173}, anti-CI319 (#3574), anti-phospho CDIDYSIN (#3571), anti-Svk (#2712}, anti~
phospho-Syk (Y525/326) (#2710), anti-Lyn (52796), anti-phospho Lyn (YS07) (#2731), anti-
PLCY2 (#3872}, anti-phospho-PLCY2 (Y759} (#3874}, anti-phospho-PRKCa/f H (T638/641)
(#9375}, Anti-PKC (Santa Cruz Biotechnology, Sants Cruz, CA s¢-210) and anii-f-Actin
{Sigma-Aldrich, St. Louts, MO} were purchased separately.

Lymphocytes isolated from HALP subjects were immortalized using Epstein Barr

Virus to generate B lymphocytes (University of North Carolina Linebergsr Comprehensive
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Cancer Center Tissue Culture Facility, Chapel Hill, NC). EBV transfvrmed B lymphooyiss
were grown in suspension af density ~1-2 x1 0% cells perml of complete RPMI 1640 media
with L-glotamine, sapplemented with 10% FBS and 1% Penicillin-Strepiomycin, The media
was changed twice a week or more often as nesded prior 1o using cells for experiments.

Total RNA was isolated Fowm three HALP subjects homozygous for theveference G
allele and thres HALP sobjects homozygous for the visk € allele and then subjected 1o full
fransoriptoms sequancing using the Perkin Blmer next gen sequencing platfonm (RNA-Seq)
(Perkin Elmer, Branford CT). Bioinformatics was performed using Perkin Elmer Gene Sifler
software program. The data was adjusted by selecting total map reads, guality reads »20, log
transformation, and using Benjanint Hochberg to correct for multiple testing.  RNA targels
of imerest were validated by real-time PCR and western blotting using standard
methodologies. RNA-Seq was performed on the sepavate six cell Hues under conditions
where cells were cultured 1n serum (usual calture conditions) and following stimudation with
phorbol esters (PMA 500 ng/mi), ionomycin (250 ngdml), and -4 (100 Uiml) for 6 k.

A number of assavs were used to assess LAGS expression and function in the six
EBV-transformed B cell Hnes,

Flow eylomesy: Flow eytometry was perlormed on a 10-laser flow eytomeiry

{Becton Dickson, Franklin Lakes, NI, Dead cells were stained with Blue Dead Cell Stain
Kit (Molecular Probes, Eugene, OR). To measure the response of LAGS in stimulated B cells
we first modified and optimized a protocol previously pulslished by Smeland et al (1). Cells
were incubated with and without PMA (300 ng/mi), ionomyein (280 ng/mi) and IL-4 {100
Udiml) for varving time periods (G-4 h), Parcent cell surface changes of cell surface LAG3S

expression was calcalated by using only the hve cell fraction and then subtracting the pervent

33



1

jpit

[
4

i

WO 2018/049410 PCT/US2017/051210

isotype staining values from the percent staining values for cells treated with monoclonal
LAGS amuibodies,

Cytokine seoretion nte the mediyn, Levels of interlenkin 10 {1L-1%) and Tuwmor

Necrosis Factor ¢ {TNFu) were measured in media aliguois isolated trony cells cultored under
basal and stilmudated conditions i vinying tme pettods (0-48) by multiplex (Malliplex;
Millipore, Temecula, CA) on Luminex 200, asing XMAP techoslogy.

Western Sloting: We used western blotting 1o measure iotal and phosphorylated
expression of the following proteins known to be mvolved m downstream signaling
stimulated B cells: p-CD79A, p-CD1Y, p-Syvk, p-Lyn, p-PLCY2, and p-PKCR. In some
experiments we also sitmulated cells with CD40 Hgand (CD40L) (200 np/ol} for 2h and
then isolated whole cell lysates for western blotting (Figures 54 and 85). Cells were
solubilized with 30 mM Tris-HCL (pH 7.4}, 1% NP-40, 0.25% Na deoxycholate, 130 mM
NaCl, 1mM PMSF, § mM NaF, | mM Na3vV04d, 1 mM B-Glycerophosphate, 10 md
NadP207, 2 mM EDTA and complete protease inhibitor cocktail (Roche Diagnostics Corp,,
San Franciseo, CAY. Afler 30 minutes of incubstion on ioe, lysates were clarified by
centrifiigation (10,000 g} for 13 minutes at 4°C and supermatants were collected. Protein
concantrations were defermined usimg a BOA assay, and equal smounts were subjected o
SDS/inear gradient PAGE following solubilization in Laemmli smnple buffer. Gelresolved
proteins were subsequently electrotransferred to PVDF membranes via wet tank transfer,
which were blocked with 5% nonfat nulk prior to antibody incabation. Membranes werg then
incubated overnight at 4°C first with antibodies to phospho-proteins, then total proteins,
Anttbody-antigen complexes were identified by chemiluniinesence (ECLA+System;

Amersham Biosciences, Piscatmvay, NJb. Anti-B-Actin was used as 3 loading condrol.
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Phosphoe-proteins were normalized 1o corresponding total proteins using Inage Studio Lite
4.0 for quantification (Licor, Lincoln, NEL

Lipud raft isolation. In order to assess exprassion of LAGS 1n the plaso menbrane
fipid raft conpartment, Hpid rafl membranes were isolated using SO0 mMsodinm carbonate
(pH 11.0} and sucrose density centrifugation. The sucrose gradient method was performed
essentially as described previousty (2) with modifications. Cells (1x10%) were washed with
iwe-cold PBY and resuspended with SO0 mM sodiom carbonate, pH 11.0{2) conlaining
phosphatase and protease inbibitors (ImM PMSTF, § mM NaF, I mM Na3VO4, | mM -
Glveerophosphate, 10 mM Nad4P207, 2 miM BDTA and Complete protease inhibitor cockiail
{Roche Diagnostics Corp., San Frascisco, CA). The solubion was further homogenized with
ten strokes in a Wheaton dounce homogenizer. For the discontinuous sucrose gradient, 300
uL of cleared supernatant was mixed with 300 pl. of 85% sucrose and transferred to the
bottom of 2 2.2 mL Beckman centrifuge tube. The diluted lysate was overlaid with 1 md 35%
sucrose and finally 600 ul. 3% sucrose. The samples were nlracentrifoged jn a Beckman
tabletop centrifuge at 70,006 g for 20 har 4°C, Following ventrifugation, gradisnts werg
portioned o 10, 220 ul. fractons. Fractions -3 were pooled (combined fraction |on blot).
Todeterming the location of Hipid rafts and distinet proteins in the discontinueus sucrose
gradient, 40 pL of the ralt fractions (4 and § of the sucrose gradient, 2 and 3 on blot) and non-
raft fractions were subjected to SDS-polyacrviamide gel electrophoresis and immunoblotted.

Overexpression and silencing of LAG3 assavs. We used two experimental
approaches o determine if the presence or absence of LAG3S was causal in altering
downstream signaling pathways. We first overexpressed LAGS in 510846744 risk C

expressing cells by transfecting them with lentiviral vectors expressing GFP tagged full-

35



1

st
8

28

WO 2018/049410 PCT/US2017/051210

lengih buman LAGY ¢DNA. Our second approach wis to use specific shRNA vectors to
silenve LAIS expression i s 10846744 raference (O expressing cells,

Lapuivived trapsfection gnd transduction: LAGI-GFP inserted 1o the pReceiver-

Lvi22 evergxpressing vector, sShENA-LAGY mserted into the psi-LVRHIMP RNAs
stlencivg veoldy, scrambled ShRNA, and lentiviral Mock GFP control vectors were oblamed
from GeneCoposia {Rockville, MD). Four shRNA to LAGS were screened for selection of
the plaspid with the most efficient knockdown. Lentivirus was generated by using Lenti-Pac
HIV Expression Packaging Kit {GeneCopoets, Rockville, MD). Briefly, 2.5 yl of each
mdividual leativiral plasmid and 5.0 gl of EndoFectin Lenti reagent were added i Opti-
MEM 1, to form the DNA-EndoFectine complex. Twenty munules after incubating the
complex at room temperature, the DNA-EndoFectine complex was added to the dish with
HER 203 in DMEM with 10% FBS and incubated in 8% CO; at 37°C overnight. The culture
medium was replaced with fresh DMEM with 5% FBS and continued to be incubated. The
viral-contaiming calture mediam was collected 48 tw post ransfection and concentrated after
filiration. For mansduction with lemtivirus, 110 of FBV-tvansformed B lvmphocytes in 1.5
mi of complete media were seeded 1n 2 12-well plate and 500 pd of virus suspension was
added. The cells were mcubated 8t 37°C for 72 b To assess the effect of aithex
oversxpressing LAGS i bymphoeytes with the risk € allele ov silencing LAGR in
lyinphoovies with reference G allele on the downstream signaling pathway, transfecied cells
were stimulated with and without phorbol esters (300 nag/mi), ionomyam (250 ng/ml) and IL-
4 (100 Uiml) cocktail for 2 by and then processed for western blotting {o assess
phosphoryiation of downsiream signaling protgins.

Plasma or soluble lymphooyte getivation gene 3 {sLAGS) assay. sLAGS ELISA ks

were purchased from RayBiotech, Inc. (Noreross GA) and sLAGS was measured by first
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optimizing the kit. Aliguots of fasting plasma samples stored a1 -80°C from 143 HALP
subjects were thawed, diluted 3-fold, and then 100 1 were used for duphicates per sample for
sLAGS measwrament. The standard curves were diluted 2-fold and yielded Imently
associated data. Linear regressions were performed apainst the standard curve i order to
iy the plasma samiples. Values ave represented as the mean+ standard srror,

EXAMPLE 1: Mice

Foral theatherosclerosis studies, werased 15 nuce per group {30 perstudy)
calculated from power caleulations based on an expected 25% coeflicient of variation of
lesion area measurements, and 80% chance of detecting a 25% difference in lesion area. Inall
experiments, mice were fed a defined high cholesterolibigh saturated Fat diet for 10 weeks,
Plasma lipid profiles were measured {(LDL-C, HDL-C, friglycerides) both by standard
colorometric assays, and by cholestero! determination i HPLC fractions. The amount of
atherosclerotic lesion in the sortic roots and in the descending aorta were analyred by
established methods, fncluding lesion vohume assessed by leston area of serial aortic root
cross sections, and lesion avey in en fyce Oif Red O-stained prepurations of theaorta,
Nevrotie gore sive was mensurad as the svea within lesions not stained by H&E. For each
gxperimental group of mice, the numbers of O, CD8+, and CD4+FoxP3+ T eells nthe
spleen and pars-gortic Iymph nodes were quantified and the activation phenotype of the T
cells by flow cytometry {staining for CDE2L, CD44, CDEY, Lap-3 and PD-1) was
deternuned.

When spleen cells were harvested from il mice after 10 weeks of chow vs. high fat
digt and were stimulated ex vivo with anti-CD3anti-CD2¥ for 24h, 48.2 2 2.8% of CD4+

cells were Lag3+ compared to 36.7 = 3.9% Lag3+ cells fromm chow fed nuce {31% increase,
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=8-10, p<0.02), FIG. P dsa graph of €04+ Lagd+ T oell activation fn mice bllowing high
fat feeding. The praph indicates that o high fat dist resulted i activated UD4+ T cells.

{n order to examine the effect of bone marrow derived cells (BMDC) on
atherosclerosis, we first transplanted either Lagd™™ or Lagd™ BMDCs into 10 week old Ll
reciplent mice that had been Irradiated. Thess fransplantsd nuce were allowed 1o equilibrate
for 4 weeks prior o being fed o hgh faticholesterol diet for 1 weeks, and thensacnificed and
analyred for aortic fesion and somung parameters. There was 8 significant increase iy aottic
root fesional T cells i the Lagd * marrow recipients compared with controls (333 8 5 vs,
211 % 3.4 CD4+ cellsfimm? respectively, n=14 and 12, p=0.01, 2-fold increase) (Figure 14).
We also found significantly increased percentages of activated (CD62L- CD44+) CD4+ and
CD8+ T cells in para~sortic Iymph nodes i the Iagr.% marrow recipients compared with
controls (41,4 1.0 vs. 281 & 1.3 activated CD4+ cells, wel4, p<.0001; 1294 0.7 va. 82
& .5 activated CD8+ cells; =14, p0.001). These results strongly support an anti-
inflammatory, atheroprotective role for Lag-3 protein in the setting of hypercholesterolemia.

Tregs suppress pro-atheregenic T eell responses. Seg, Foks AC, Lichinian AH,
Kugper J. s, “Tregting Atherosclerosis With Regulatory T Cells™, Arterioscler Thromb Vase
Biol, vl 35, pp. 280-287 (20151, However, the role of Lage3 in this protective Runction is
not known, Unexpectedly, the number of Tregs in the para-aortic lyniph nodes positively
correlated with lesion area in the Lagd™™ but not wild type marrow recipients (Figure 15).
This suggests that Lag-3 protein deficiency impairs Treg function but not expansion. It is
noteworthy that a recent study showed selective deletion of CTLA-4 on FoxP3+ expressmg
cells resulted in expansion of FoxP3+ Trags but these cells have impairad suppressive

activity (fermed exTregs). Since both CTLA-4 and Lag3 on Tregs may function to bind and
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5 block molecules oneffector T cells (B7 and Class H MHC, respectively), it is likely that Lag3
deficient Treps mav also have defective supprassive activity,

Given the mechanism by which Lag3 fnlubits CD4+ T cell responsey, 1t was observed
that Lagd deficienl wmice showead significantly more lesional inflammation. Tt was obssrved
expansion but lack of function of fyinphoid Tregs in the setting of Lagd proteld deficiancy,

19 and a fatlure of adoptively transtferred Lag3-deficient Tregs tocontrol atherosclerosis relative
towild type Tregs.

Again, this established the novel strategy for using LAGS expression profibing as s
hiomarker for assessing inflanumasomes, chronic inflammatory diseases and dysfonctional

HDL, followed by a tailoved therapeotic regimen to mediating said diseases. Further utility is

13 pained by a tatlored therapeutic regimen of recorsbinant lymphocyte activation gene-3 as a
companion therapeutic with an anti~hyperhipidensic andfor statin for atherosclerosis risk in
human carriers of the SCARB! andfor LAG3S variants or those dentified with fow
plasma/senian LAG3 protein levels by other genetic or non-genetic causes.

BEXAMPLE 2. Mice.

24 Having identified that LAGY deficiency in mice was significantly gssociated with altered
Treg function and increased inflansmatory cells in atherosclerotic mouse models, 1t was next
determined if recombinant haman soluble monomeric LAGS would bind to mouse B cells
that highly express its binding target MHC class 1 molecules.  Mouse splenocyies (approx 1
million cells) from wildtype mouse were seeded to wells of a 96 well plate.  Cells were spun

25 downs and resuspended in recombunant human soluble monomeric LAGS solutions ((-162ug

. ) N
protein/ml) in phosphate buffered saline (PBS) solution containing Ca /Mg . The
experimental conditions were the following: Condition 1, 162 pg/mi (stock solution, Dilution

factor 1), Condition 2, 32 4 ug/mi Dihstion factor 5; Condition 3, 3.24 gg/mi Dilution factor
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50; Condition 4, 0.32 pg/ml Dilution factor 5{0; Condition 5, 0 pg/md, Afler a 30 min
incubation, cells were spun down, washed once with FACS buffer {FBS with 0.5% bovine
sevum albumin, 0.05% sodiwm azide). 30l antibody cockiaill was added containing Fe-
block, anti-CD3 PerCPR, anti-B220 FITC and LAG¥isotype control (anti~human LAG-3 and
nouse lgGE K isotvpe contvot APC, respéciively). Cells were wvubated at rooni tetmperature
for 20 v and then added 150 pf FACS tuffer. Cells were then washed with FACS bufier
ongce more then finally resuspended in FACS buffer and analyvzed by flow cyiometry,

Az shown in Figare 16 (first page), recombinant nupan soluble monomeric LAGS bouand
to mouse B splenocytes expressing MHC class I molecules in o dose~responsive manner. In
Figure 17 (second page), recombinant hunan soluble moneweric LAG-3 bound
preferentially to mouse B cells (which express MHC class 1T molecules) compared with
mouse T cells (which do not express MHC class I melecales) in a dose-responsive manner.

F1G 18 ithostrates the differential expression of the LAG3 exon 3 transcript in
tymphocytes under basal and post-stimulation conditions. The inventor uniquely identified
that the exon 3 of the LAGY gene is differentially expressed between human B lymphocyies
cultured under basal or quiescent conditions compared with cells stimulated with phorhol
gster, ionomyein, and 1h~4. Exon 3 iwanscription is essential fo translate into the extra loop of
domain 1 of the LAG3 protein that binds to MHC class 1 molecules.

LAG-3 transcriptional repulation.

The LAG-3 protein structure consists of four Ig-hike ectodomains, g conneciing pepiide,
wansmembrane and cytoplasmic domain. The LAGS protein structure Is sinuilar to that of
CD4 although the amino acid sequence homology is enly 20%. Creg J. Workman,

Dano AL AL Vignali, "The CD4-Related Molecule, LAG-3 (CD223), Regulates the

Expansion of Activated T Cells, Eur. J1. of Innounology, 24 March (2003). In comparison to
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§ (D4, LAGS protein wiiquely contains an extra loop of 30 aming acids as part of domain 1,
This extra loop is encoded i exon 3 and i 13 this loop that has been shown to tind 1o the
MHC class I receptovs,. Huard et al., Characterization Of The Major Histocompatibility
Complex Class H Binding Site On LAG-3 Protsan, Proc Natl Acad Sei US AL 9411y 5744
749 {May 1997).

1 In FIG 181y demonstrated that exon 3 transcription is diminished, if absent, v basal
quisscent vells and increased when cells were stimulated with a cockiall containing photbol
ester {PMAYionomyeinil-4. In pondering this novel observation, it makes sense that the
extra loop neads 1o be transcribed only when cells are activated. An emsbodiment of

vecombinant buman LAG3 can also be an agent that mimics activation of LAGS exon 3

oy
M

(LAG3 mimetic) in order fo Increase RNA and protein expression of the exiva loop which

binds MHC class Il molecules. Mimetics of LAGS exon 3 activation can include molecules

and/or agents that affect the formation of aliemate DNA or RNA structures that affect RNA

transcription, including molecules that affect intracellular or extracellular cations that affect

alierpate DNA or RNA stractures such as potassium, sodiwn, hthivin or calciony, Mimeticy

26 of LAGS exon 3 activation can ichude wmolecules andfor agents that affect alternative
splicing thal would include or exclude ramsenphion of the LAG3 exon 3,

Having now fidly set forth the preferred embodiment, vavlous other embodiments as
wel as certain variations and modifications of the embodiments herein shown and described
will ebviously occar to those skilled in the art upon becoming familiar with said underlying

25 concept. His 1o be understood, therefore, that the invention may be practiced otherwise than

as specifically set forth in the gppended claims.
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STATEMENT OF INDUSTRIAL APPLICABILITY

Neotwithstanding the use of hRLAGS as-a vaccine adjuvant 1o boost T-call counts in
knows cancer patients, there wonld be great indstrial applicability i1 to parenptorily screen
for & LAG3S deficigney marker and, 3f found, amsliorate the consequent risk by treating
prospeciive patients with recombiiant human LAGS by periodic administiabon of at dilferent
timye points. The present inventor does this with a pre-sereening for pattents at visk for
cardipvascalur disease, other chrome mBammatory diseases, cardiovascula andior non-
cardiovascular morbidity and mortality using specific 2-point expression profiles
{combinations of mutations andfor non-genetic causes | e.g., SCARBI rs10846744 mustation
andéor LAG-3 rsB7084Y or oiher genetic or now-genetic canses and a mulation), followed by
a tailored therapeutic regimen using recombinant hurman lymphocyte activation gene-3 as a

companion therapeutic.
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{clamy:

A method for treating chronic inflamnmtory and cardiovascular disease in a huoman

adult subject, comprising the steps of’

administering a qualitative pre-screen of said subject to detect a LAGS deficiency
marker indicative of g potential deficiency of LAG3 protein;

administering 8 quantitative test on said subject to confirm said LAG3 protein

deticiency;

adnunistering a therapeutic regimen to saxd subject comprising a combination of

hLAG3--Ig ax an ydjuvantwith ar least one-chamotherapeutic agent.

b2

14y

.

The method of olaim 1, wherein sald step of administering a qualitative pre-soresn of
satd subject comprises pre-screening a medical record for a LAGS deliciency marker.
The method of claim 1, wherein said step of adminisiering a qualitstive pre-screen of
satd subject comprises pre-screening a family hustory for a8 LAG- deficiency marker.
The method of claim 1, wherein said step of administering a quantitative test
comprises adminstering a quantitative test on a blood sample from said subject to
confirm said LAG3 protein deficiency.

The method of claim 4, wherein said quantitative test on said blood sample is an
assay.

The method of claim 4, wherein said quaniitative test on said blood sampleis a
genelie fest,

The method of claim 1, wherein said quanitative test comprises both a genetic fest
and s assay of a plasma sample from sond sabject for presence of Tow level

axpression of LAGS.
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§ 8. The method of claim 6, wherein said quantifative genetic test is configured to detect a

¢ A

polymorphism in the coding sequence of the SUARRT or LAGT genss.

@ The method of claim &, wherew said polymorphism iy a SCARBY s 10846744 o
LAG3 rs870549  mntation.

15} The method of claim 8, wherein samd quontitative test on said bload simple inchudes

1 amplifving ot least o portiotr of a SCARB L or LAGS gese prior to identifying the

allebe variant,

11. The method of claim 35, wherein said assay is configured to measure low LAGS below
3400 pg/ml.

12, The method of claim 11, wherein said assay is an ELISA assay.

st
8

13. The method of claim 1, wherein said step of administering a therapeutic regimen {o
said subject comprises adnunistering recombinant haman LAG3 by periodic
adnunistration.

14, The method of claiw 1, wherein said step of administering a therapeutic reghuen to
satd subject comprises admirdstering récombinant & LAGS numetic by peripdic

26 administration.

15, The method of claim 13, wherein said step of adnuintsigring a therapeutic regimen io
said subject comprising administering the chemotherapeutic agent probucol

16, The method of clum 15, wherein said step of adnunistering probucol comprises
peripdie administration within a range of from three to fowr nionths,

25 17. The method of claim 15, wherein said step of adnunistering probucol comprises
periodic administration for a remainder of said subject’s hifetime.

18. The method of claim 13, wheress said step of administering recombinant human

N

LAGS by periodic administration comprises administering Human LAGS protein.
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5 19, The method of claim 1, wherein said companion (herapeutic comprises any ong or
more agents selected from the group consisting of an anti-inflanunaiory agent. an
agent that improves HDL-C function, size and/or composition in the sulject, a agent
that decreases dysfimetional HDL-C in the sobject, o POSKY nhibitors, and a LAG3
mimetic,

1 20, The method of claim 1, further comprizing a step of monitoring said subject doring
satd petiodic admnistration to determine effect on LDL oxidation and plasma-HDL
cholesterol and plasmadseram cytokines.

21. The method of claim 18, wherein satd monitoring comprises monthly safety labs with

comprehensive profiles and EKGs,
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