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ABSTRACT fragment mappROAngi, nhPbitor,

I nhi bition of the |mmun|tc)fehne'cnkgpoint pat hway of PI
-1/ R0 by monocl onal antibodies is effective in the
clinical treat ment of ~-cart aiNTRODUCTN DNand sever al

PBL aneéDabhtanti bodi es haR\/ecbeen adobprro

entl g}/eéjlurp sf iervaiegt-@ p e

for therapeutic use. Agrehélqts mégﬂ)lngbar%gtgﬁgajnﬁj atf
tion has now focused oncgggtes rhown assn@a moclaeI
cul e inhi-blﬂ.ﬂrspr—mrftoetl?eminBiargteer(-C’:SFDB) com pr|-3|ng
action (PPI?. I n this S?V%\ﬁmeW?sh%\é%in/%chfy%_rnr& @i v
tual screening for SUChkﬁg‘gvlnlwW%E%%HICeom'prI'%'x%'stor
|ng-1PIa.s a target. Flr.st,me asp%_ifnegatpurroegrqa%'?,rystuobrsitth«
screening was constrwcrtqnda maclﬁ'er}nq ctarl]egm%%tps()f I&%me
si |Ifircaogment mapping metr}oa(jc),e a%eﬁh%g hgseBQ 3D st
featurrasgeudkerwyi rt ual Screfeer?in,gFosfub%ifgmrg'eera'rches fo
ci al compound database gvaﬁfézcaér]jlegmotléFD helfcogn
pounds selected from th P8 rF”_:‘ene,[nsi ncgorvaeirneedt hvﬁthsutb
jected nt omisasmaogy ( ELI SA) tp?ag:satofnf’[) F{Fﬁle target pro
inhibitory abiRDty Asgal %SE‘PH%[B gét_s -baass ead kfnroang needng |
t he assay, one moleculetv&%si |(il%nta| fpree(éut%sb%tﬁdg {
tial seed compoundl/f Rl ampgl wrﬁosl eactyllee PQ identify
i nhibitors.

mapped onto the target pr o
Key wéragimeasted drugndsbsbbgge¥ted that the method
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construction of 3D featuwWneeqguéryi asnifi dlit viPoPtle adifc sk D
i ng. Her e, we applied th3k. meheée oad vtaon tiadgeerst ioffy ssnaa
mol ecul es t Hd tAOLi nphrpdotioetiemdPiu gs ar e that production c
interaction. mi ni stration is possible,

PBL (progratined sdeatph esS€®Y ©adN ¢he eliminated. Fou
surface of activated T MmNt sOfgmpdnajt meledy REeGPly;
apoptosilsl,[2d .| iPgDand s o dBFr LILity acted a great deal
expressed on the surface |lnf taritsi gserudpyr evee matiimmegd o eol
PDl1 andlPBre immune checRPBloi mtinhp halt/ eifis s uasfih im@ D |ainl i ¢
act as suppressors to sappeesasndg appdoach.pohlse sPPI
i mmune checkpoint pat hwaywi sunbdamal 4y miElu g pAletehsoeubdgeh
by interact-loantdéP@ewbincRDmMmADN-PPI i s generally ack
tainsokelt &nce and | i mitshicphllyatdcirfafli dulstsuckr W@ maigec o
[ 3] . However, cancdrl aeatdlube ail sloi beixtparess,s wRD made a
utilize its i mmunosuppr eusssiinogm alhiurhatgcnioeonnt tnoa papvioni gd nieet |
killed by]T Whleinhs T[] £ el | 5 aas et hree pteaartgeedtl.y We t hen pe
exposed to tumor anlt,i gtelmesys eedx pwierstsuanlg sRD eeni ng f or
l ose their abilit-#] .t oT hadt taask-1lddRIPdDer cel |l s [ 6
nario outlined here is considered to be a mechani s
related to canc@). i mmune evasion [ 8

I'n recent years, anticancghTERPALBeANDPRIESAoOBEOUN
the inhibition of the Inﬁmlflnltlr checkpoint pathwalyhc

targetli/ng0L PDnt eracti on een gfnﬁenfocaupplng

of intense research. IH_Qeé“@kqm?nuﬁ@ﬁﬁénﬁﬁﬁf?h%iechhﬂ
monocl onal antibodies baPsPeld fomnh itbhietRoXnsy jwgti &y f o emer:
nism can bring abtouwntort hteS | 8fdf e&SFDBr dhej outlines
suppression and attenuatif®&ndgpcehhedrbeledW. prolife

tion/infilttratimmong miasngdi drmnign patients

with various -1dddnc €Tro tdyapt%es_,l[tlhOe &S

Food and Drug Administratian FDA) has appr ed

t wo -PaDit ianti bodi es, nlvoIL}mabS(COC;’JQigl"vc(ger q Epgf SUbS

-My er s Squi bb) and pemt?r'(fnlllzaurm OrFKeyq (?JL&I% bind

Mer c k), togeth-IéDLlWlatnhlﬂ)Pmt?deé'Bsa%al%e th's |dea
atezolizumab (Tecentrlq,pragﬁéqﬁtnedé/hlcﬁoychtea) c1I Ulal | u.r
umab (Imfinzi, AstraZedn:ch'ad)ed 'ncfo avrelgunh?a a. d
(Bavenci o, EMD Serono, I Cso) extract ! he V'?'
subsites (Flgure 1). Specif
. By contrast, deveIopmeqte"%baﬁ@alcomrﬂqleg((‘e%l eI ni nlgm é"i
itors of the PD-1/PD-L1 pathway is a a relatively were used tofcaemeert ada d{)l&;a
early stage by Compar's%%ta%a%%t 'mPaosdycon{pogﬁamdo”Q
there are only a few re‘QIOé)T(éS Sé"§hpr3cmaé|n”b°|uesct“é

inhibitdts Fbb example,, small}; Vcloo{rboooupglso fragment
have been reported thatJ&hgn]l |6' e Od'(rﬁtehremfA‘?(o’HatL'todn
PBL1 and eﬂ(hFLmltlnFP]DbItOiOI14a)CtIAVIteyt o f residues wi
[ 281 ] . I n addition, Cyc'w'ecrepedpetf|dnesd haasvet h%l Szoubbselet
reported that bind -Lbd tf"eerptpé 6{nte_rfggze 2P BRPet on
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similar subsi ffeagméntt heet3 uw8 D¢ Eeature query const
grouped into one represagnrtechisee substubé sadedBi2ngu

siftreagment pairs were obfRéngdr R ERFOPP-this study

Protein-ligand complex t I al I y, we [ et t h e ma p pl n g
human dpdq PDPDB | D:n 3fRiRd@gcnoe n t
mapping using Fsubsite was

e traction of subsic set mapping surface. In ad
e e fragment pairs

Fragmentation e mapped fragments and constr
e based on the selected repre

o e . ) P

the query obtained in this
I GQEB were selected by pe-bfisenmi ng
wlSlmllar;ubsltest_aregg:gtpedinto VI rtu a.l S Cr e e ni n g Of C 0 mme

one representa Ive subsite .

pound database. Finally, th

chasedi andissmy was perf or me
FiguCenteptual diagram itlhlelst ragiiinigt YSEBB.i nh-ibit F
humanL 1P.D

2.1. 2. Fsubsite

e
The Fsubsite program st . of
CSFDB onto the mapping otein
using SUPERPOSE algoritht rep -

f - | [ Mapping surface setting ] 3D feature query-
resents unc'Flona gr ou| based VS rop.er
Spheres of five types b [Insrhcofragmentmapplng] hemic
properties as foll ows: using Fsubsite VS it ic ri

d
structur dJ,O n d y djl’O(ﬂg)G‘b']O n kﬂy o4 [ Prlorltlzmgfragments on J O o
ceptor ankdonhdy dd mrgeern/ acc e t“e’“app'”gsurface :
above rules, the surf a([ 3Dfeaturequew J oepesv i | ein i
searched in the CSFDB d:¢ construction inhibition r sub
site i s f ound, a fragment bound to t he subsite i
CSFDB is mapped onto tﬁbgutfﬁ&?fg%ft opmr oPtfe i3nD. f gRT yr e

knowl edden bsfad a gtnoe n t mapp"’\nnOI 3nPeth(_%mcii?'“"G’E giureryal scre

and the schematic procedsureREfsodL.liéagment mapping by

Fsubsite is shown in Figure 2. _ )
3.1ln sfirlagment mapping met hc

3.1.1. Mapping surface sett

gg\atpalr:érg:;t;fticii 482 subsitg?figgBment pairs Usin g human ( B p B PD: 3RR Q) a
1 1 sis target, the mapping sur
Property spheres - Property spheres the followin g proce dure. Wh
on mapping residues _’@‘_ on subsite with fragment ed , t he comp | ex 47 huenammr € Do
| L1 (PDB I D: 4ZQK) had not
| Identified similar subsites | tively, two complef/8umaatu
PBL1 (PDB | D: 3BI K, 3SBW)

Hence, usi ng-1+4 ImemaiduB(EP DBD

‘ Mapped fragments I
| bD: 3Bl K, 3SBW), aminoce acid
1 within 6 | fLtdmweaeh exd ma
Figur®ch2zematic of tme spioaceduraemi her aci d resi dues ¢
fragment mapping. mousel)PD Then we compared
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qguences of mousle @Bmad el g (b)
above information we s¢ on
3RRQ. The resulting macg - ~ i n
Figure 4 highlighted in
(a)
Fi gurlen Sfirlaigcnoent mapping r e
fragments mapped on the map
ty selected representative
mapping surface.
(b)
NPPTFSPA LLVVTEGDNA 3. 2. 3D feature query const
TFTCSFSNTS ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL H H
PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA ELRVTERRA qu e ¥s e d virtual screening
3.2.1. 3D feature query con
Based on the representative
s constructed acco
Figur(ea)4:Mol ecul arl smuwtfhac%le%eoyf V\ﬁ .
mapping region highlighRTeyCedgpr ?naé@ﬁiﬁg N@®F 20412 P
l engt h sequen(cUenqufrohPIDQlFSrlolCBG)dUYF«BesJI Representati ve
du_es highl_ighted i n ma gfej net ga i cnotror efsipwen ds jttoe sa npiansoe d
acids making up the mappding a4 alndcet nﬁeahdw% ms
shown in grey correspon c{ 5 %‘t caan]
be assigned in the crystlad strucotue e“.r eac
wa s positioned such t hat é
groups of the fragments WO L
3.1 Fragment mapping Prleasrulii§ tuusreg Fr bp nedinc
and prioritizing fra gme aﬁ pp g - :
face group of c¢'h fragment was
_ _ the same klnd of features g
Using the mapping surfaoclewg |a5 V\Pe'rné'|cadmbs1bhtb5d't|ent"8aso
searched from CSFDB. Wh Z 1 bsit VIY
found, a fragment boun ef(ﬁ EQSNP umg tfl"?él UH§1
base was then mapped ontad Otmh“>e Orha ppMinngd sauCrifda cre€ s iUkU €
ing this procedur e, 353pfrn@gmejrntfsacwere\smapp@@uonto
the mapping surface as §howp LP 6 JU B Rad 2d on MNerxyd
for each fragment, -4 waEnD exg (?el xfh éD ST
constructed and (b) me d
usi ng macr omode 2
stage, position
heavy atoms wit
atoms in each f
were al so measu
3 were el i mina
that did not fi
hPDD/ fragment comp
above threshold
l at ed using proi Hyd or Aro
job_type=ENERGY) . Hydrogen
MM/ GBSA values were eXt,acvicu wuo 1 oprvocvunrauclive
fragments (Figure 5 (b))FlgurseD 6f:eature query const
Clustered representative f
query. Green indicates hyd
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yell ow indicates Hyd or aromatic ring feature (Aro
pl e indicates hydrogen bond donor feature (Don); p
tively Gray col ored mesh shows the excluded vol ume
3.2.2. Protocol -bfacsre d3 Drifretautaulr es cgrueeernyi n g
Table 1 shows the protocol for wvirtual screening u
to satisfy the hydrophobic feature and at | east on
additional prerequisite was that the hydrophobic f
Compounds with a total score of 3 or more were con
guebraysed virtual screening.
TablRrdtocol for-babefdeatut@auescyeening.
Site|Query_No.| Feature | Score | _
F1 Hyd|Aro| 1
1 F2 Acc -
F3 Don -
F4 Hyd|Aro| 17
F5 Don
F6 Don|Acc| 1°
F7 Acc
F8 Hyd|Aro| 1 _» Total score of 3 or more needed
F9 Don - - for virtual screening of hits
a F10 Hyd|Aro 1
F11 Acc -
F12 Hyd 1
F1i3 Don|Acc -
5 Fi4 Don|Acc -
F15 Don|Acc -
F16 Don|Acc - i

®Essenti 84t flemasutr eone of t hree features i

3.2.3. 3D basedreiqueny 'sdrieoedni nigrom the docking o
I n order to explore theslanthlsbflyt'lnogn or}ePquHE{ﬁ/g]gﬂt'

-1/ h-PD meditated by smallprgb%ﬁtgbn&gd g QBW fcggex(tvaalc
t ur e -bgawseerdy vi rtual screef th F8@Bhﬁ%em\%g CQF thes
ried out according to tHNeaSprt e&coclonssﬁcf\ﬁnctier(f~| F| ﬁeé
Firstly, up to 200 conf{)romgtd J)nésﬁggtr)o_gboﬂjgogpﬂt'@m gere
generated using Omega (\Péreé(lo"hOdf.|4.6b_'C5'pde'nn|9yef)refeore
commerci al compounds (Ncaé}nliﬁ(ql,ataebdouuts'ggmPf'I %ﬁmmgb
compounds) . Next, a pha%’majc%[f)hto)f%e:sl_ze'\éﬁ‘%%Y)('_Md: ro9:8
2012) was performed usirl?é_glhﬁgt3I9'1ngélngreaf(£l'Jé‘tj)}yfoVr‘
the obtained conformati ons netqnd(:laubsotuetr ZMOrrhelcluiloenS ¢8O0
pounds satisfying the rFe%FuFi’—fGe)meW’tag BFrft%remed_r'ot'%\ﬁ%
described above were exPPéi'@fjedwasDoaclkﬁch gThE\gpiorf
was performed for t he x°tMPLM edds éé‘r%ﬁ!vé‘uﬁ&‘thgPha 8
GOLD (version 5.2 CCDC) with the amino acid resi -

dues on the mapy{di mg ¢ href searath hPD
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Commercial i fi h
[3D conformer generation ]-) compount tetabase experi ments con - I r me d t at
of HAPDBPD at an inhibition r
Pharmacophore search ‘_)l
|— Filtering using 3D feature query 2 ) . T h e f 0 | | 0 W| n g ana | y S | [

whet her t he inhibitory act

PAI NS or compound aggregat
PAI NS filter o1 GANYAS8inhgebo
Compound selection a hit compound, it passed thr
e ay cvatuation —>' performed ScHr oQdiknPgeorp 2001 80
- check availability Sil::ggdv;t%n::;g;ds compound and as the result

, _ ub|I|ty (QPIogS) is -5.54 within recommended range
FIg;J{:OBIGTZV_IeW of aomsfeedatvtl gﬁu%ge[g 0.5). For the reas

we think that the risk of f

Docking
« 1st filtering using 3D feature query ‘

» 2nd filtering based on docking score

0.0

-10.0 |compd1 compd 2 compd 3 compd 4 )
\ ; Tabl en2wistsrayy r e slu/IlhtBsD oPfPIh PL
200 i i nhibition.
-300 | ‘ /
L
-40.0 i Compound %inhibition? Compound %inhibition?
L ] ° P
-50.0 \ @ {?
-60.0 e 9 ® ® s ox" ‘QO
5 ) ® [ 1 f} 0 5 il 3
-70.0 / | Fossy C[O]W .
-80.0 / | - o5
90.0 [ 2 s D;:;ﬁ‘ 0 );% 0
-100.0 compd 5 compd 6 compd 7 compd 8 ?QYO G 4&
01 02 03 04 05 06 07 08 Others rﬁ,_@ . ﬁ_c
. . 3 5 \A)
Fi gur3D 8f:eat bbrasedqduernytuai C}f.sjcree%"ilng:r T 2
results. Vertical axis indicates MM/.GBSA value
(kcal / mol ) . Hori zont al aX|Sr*~indlcatesh‘ﬁmolecular cl
ters. Red plots corresﬂonfd to sel® Qj@ed cdbmpounds

used iimm dihteay .

%Values represent the mean
3.3. Assaiyn r\weiBtdrich-® Do PP I

. . . . 3.4. Complex-lmodmpouohdh®BDan
inhibition interaction mode
Selected compoundsilwelvétsubjected to an
assay (ELI SA) in order 'At,ocOemvpalefatn%bdpﬂ]giogog”t?pvpgy?’
i nhibilt -BBDPPI . This as&a$P e dcd Mhiidd tory activi
out at BPS Bioscienc-k T?%a?%ﬁ'o%n'#CYZnO'OtSr,OgﬁI_BDatOm
[ Bi otiny-Lat eldnffhihbPiDt or S(Proeué]rgl n3g OArerSayan bonic inte
Kit). Each compound was Crrr?aaden 'ubpf aT}HDGDar eco'nsce%ltsroatf'li olﬂj
of 100 uM and -lbiwas nmil xa ééﬁ%%ﬂnpbhe carbonyl gr.oup of
hPD1 i mmobilized on a P%?%d 3I'haer,]dplta,r}ee,_3(N6_3a83|’;thlee_nr‘mls"
i ncubat ed for 2 hour s QtonPSIOﬁ\rt'e%tp%rr'%?t@'rl(gnsa’%?ut%e?r
washing the pHRPe (hetsbWlE&PsdN§ ' Ndole ring of c
peroxi dase), whi ch i s afsl'ﬁjrﬁi ncehs&%'enniorflg]gag)f:['ﬁlgs 588
and the degree of | umi nésc enc'e 0rrlijenads(':'urebdy %%r%%%%%'
test was perfor med twicesuézr{] g h ! c’onli‘[_)lozuzndasn.d Tlhle354e’
van der” Waals interactions.
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3D featurien qdiielaigcremd mappi n
Compound' 3 t he -lh/PcDompound 3 compl ex mo
Figure 11 (a), compound 3
bond donor/ acceptor feature
acceptor feature (F7) and
( F4, F8) . Thus, compound 3
i nteracti onl bEelt3ve eanth dhRPADP B .
This interaction may contri
inhibitory activity display
the method adopted in this
tecting key pharmacophores.
compaiinscfirldagment mapping r

hPD-1

t he -lh/PcDompound 3 compl ex m

/ (site 1 and 4) wer e i dent

FigurDock:i ng model of c om@pPobuendd n3e ag o uchodmptogu nd 3  ( Fi ¢
hPD. Blue dashed |lines Mndithtehe ohhkcernagteiramcth ane
or hydrogen bonds. pound 3 so as to satisfy th
possible to identify compou

ry activity. Thus, although
4. DI'SCUSSI ON l ow -hPBPD inhibition activ
Becauseagatyher)ystal st#hddctmhmwat O©Ohe hamppno®®h used in
humanL 1P D( PDB | D: 47 QK) losptnaow zalds a os allewed op smal |
we are able topexamimeinhterpd/oR#PMOI MmmMune checkpoint

site. The crystla/l h-PDt rwace* ** = 7 - 3 Summ o "ﬁw

overl apped -i tbmpduwendhPD \} & 7 ’ :

model . Specifically, thehPD'/L‘},f’ er 2
-2 structure alignment we ion
each-1lhpDotein backbone il L [

on the overlaid structul ode b
t ween compoushd 38 owalddvhard — )

compared as shown in Fi g compounds3/ = h/ ., th
nitrogen atom of the pirf \z ) e yund :
forms an ionic intdraadtiik . E136 N 7“\&'
wise, R1-03 aFsbaPDorms an V4 & -7

with E13%. olfn hPdDdi ti on, ( “!hPD-l

Iaps wi t h -LY11.2 3I to fi ShPCD)nSiUCICu\l.llal\bulll'
pound 3 fills the subsitpgwhigs®p YR (Paeilad Tding tnlen bn!

complex-loh-PBPDNonethelegs gyoydro96Rde . Blue dash
bond interacocttiecomcdandnl Wiirlithertapcetioans or hydrogen bo
Y68 side chain in thle/l compl ex model of hPD
compound 3 were noelt/ hdPiDser ved i n the hPD

crystal structure. We also compared the results of
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Figur(ea)llCompari sdh clhoenpweeand BPOocking model and t h

fragment mapping result. (b)) Schematic picture of
5. CONCLUSI ON [3FRi ella, L.V.; Paterson, A.
aker,, A. Rolpattfwayheée nPDI
To explore PPIl/lhqlEhEblvsIeorcsor‘Qnt,n@PrDenp, o sBr. 20slP? a2 575
1

structed a 3D f dant usfiela gwer 35 8Wisegw Ar Gincl e

ment mapping methlodapcarsgteh‘i:l%ﬁ?-gYFQth?d@nlhfPng, S.; Horn L.

ture foll owed by as8dd fwian tu }t h \SHJ org)r/baam;n:elldemr aiLJamoqal rrr;emsms_lltvue

screening. As a result, a snmam;ﬂmgecanawred/ Arhtaitclienhi
PPI ofl/ hPD was identifiedsWwa@ur Xi;ndliemyps F-Ll kong,
show tihmt sfitrleiegcroent mappi ng PHESRb@YN jish human cancers

. . I cal Omwa c § me eOt;LSB%T er.
an effective means of |degbgg)vg, o} @rqq% égz tor s
Furthermore, by wusing thiiggdnetehodp it I\NﬁerprOySSIEb|5;‘
create a 3D feature query Atllhaisonc,an] eH’UC|Sdhat|ee, iAK €
phar macophores on the targe”tg StUn g w‘\r I'aeﬂlemB C%§Zg§f%q

hroni c
pate that this novel method/cplg@,ggrtwlm ut i iz
identify hit compounds and7¢fa® bk b eiacd omo_t,lnp(ua@gb,o,n.E_
berger, R. T cell exhaustic
ical basicsto tumor immunotherapy. Ce | | Commun
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