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Abstract  1  

Background  2  

Gas t r i c  cancer  (GC)  i s  cha rac te r i zed  by  an  immunosuppress ive  and  3  

t r ea tment - res i s t an t  tumor  immune  mic roenv i ronment  (TIME) .  Here ,  4  

we inves t iga ted  the  ro les  o f  d i ff e ren t  immunosuppress ive  ce l l  types  5  

in  the  deve lopment  o f  the  GC TIME.  6  

Methods  7  

Sing le -ce l l  RNA sequenc ing  ( scRNA-seq)  and  mul t ip lex  8  

immunos ta in ing  o f  samples  f rom un t rea ted  o r  immune  checkpo in t  9  

inh ib i to r  ( ICI ) - res i s t an t  GC pa t i en t s  were  used  to  examine  the  10  

cor re la t ion  be tween  ce r t a in  immunosuppress ive  ce l l s  and  the  11  

prognos i s  o f  GC pa t i en t s .  12  

Resul t s  13  

The  resu l t s  o f  the  scRNA-seq  ana lys i s  r evea led  tha t  14  

tumor- in f i l t r a t ing  monocy t ic  mye lo id -der ived  suppressor  ce l l s  15  

(TI -M-MDSCs)  expressed  h igher  l eve l s  o f  genes  wi th  16  

immunosuppress ive  func t ions  than  o the r  immunosuppress ive  ce l l  17  

types .  Addi t iona l ly,  M-MDSCs  in  GC t i s sues  expressed  s ign i f i can t ly  18  

higher  l eve l s  o f  these  markers  than  ad jacen t  normal  t i s sues .  The  19  

M-MDSCs were  mos t  en r iched  in  GC t i s sues  re la t ive  to  ad jacen t  20  

normal  t i s sues .  Among  the  immunosuppress ive  ce l l  types  assessed ,  21  

the  M-MDSCs  were  mos t  en r iched  in  GC t i s sues  re la t ive  to  ad jacen t  22  

normal  t i s sues ;  moreover,  the i r  p resence  was  mos t  s t rong ly  23  

assoc ia ted  wi th  a  poor  p rognos i s .  Immedia te  ea r ly  response  3  ( IER3 ) ,  24  

which  we  iden t i f i ed  as  a  d i f f e ren t i a l ly  expressed  gene  be tween  25  
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M-MDSCs  of  GC and  ad jacen t  normal  t i s sues ,  was  an  independen t  1  

poor  p rognos t i c  f ac to r  in  GC pa t i en t s  (P=0.0003) .  IER3 +  M-MDSCs  2  

expressed  h igher  l eve l s  o f  genes  wi th  immunosuppress ive  func t ions  3  

than  IER3 −  M-MDSCs  and  were  abundan t  in  t r ea tment - res i s t an t  GC 4  

pa t i en t s .  5  

Conclus ions  6  

The  p resen t  s tudy  sugges t s  t ha t  TI -M-MDSCs ,  e spec ia l ly  IER3 +  ones ,  7  

may p lay  a  p redominan t  ro le  in  the  deve lopment  o f  the  8  

immunosuppress ive  and  ICI - res i s t an t  GC TIME.  9  

 10  

 11  

 12  

  13  
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Introduct ion  1  

Gas t r i c  cancer  (GC)  i s  the  th i rd  l ead ing  cause  o f  cancer  dea ths  2  

wor ldwide  [1 ] .  Immune  checkpo in t  inh ib i to r s  ( ICIs )  have  3  

revo lu t ion ized  cancer  the rapy  and  c l in ica l  s tud ies  us ing  ICIs  fo r  4  

advanced  GC have  repor ted  improved  overa l l  su rv iva l  (OS)  in  these  5  

pa t i en t s 2 .  However,  many  GC pa t i en t s  do  no t  r espond  to  ICIs .  For  6  

ins tance ,  on ly  40% of  GC pa t i en t s  exper ienced  con t ro l l ed  d i sease  7  

af te r  n ivo lumab  t rea tment  [2 ] .  There fo re ,  the  ques t ion  o f  how the  8  

tumor  immune  mic roenv i ronment  (TIME)  in  GC reduces  the  e ff i cacy  9  

of  ICIs  needs  to  be  u rgen t ly  addressed  to  deve lop  e ffec t ive  an t i cancer  10  

the rap ies .  11  

Tumors  deve lop  an  immunosuppres s ive  TIME to  enhance  12  

cancer  ce l l  su rv iva l .  The  p resence  o f  va r ious  immunosuppress ive  13  

ce l l s  ( ICs ) ,  such  as  r egu la to ry  T-ce l l s  (Tregs ) ,  mye lo id -de r ived  14  

suppressor  ce l l s  (MDSCs) ,  and  regu la to ry  macrophages  (Mregs )  in  15  

the  TIME are  poor  p rognos t i c  f ac to r s  in  GC [3–5] .  These  ce l l  types  16  

can  suppress  the  func t ions  o f  tumor-an t igen-spec i f i c  cy to tox ic  17  

T-ce l l s  [6 ] .  Numerous  s tud ies  in  mice  have  revea led  Gr-1  to  be  a  18  

re l i ab le  pan-MDSC marker  [7 ,8 ] .  However,  MDSC markers  d i ff e r  19  

be tween  mice  and  humans  and  no  re l i ab le  human  pan-MDSC markers  20  

have  been  iden t i f i ed  to  da te  [9 ] .  The  need  to  eva lua te  human  MDSCs  21  

with  mul t ip le  markers  i s  one  o f  the  fac to r s  de lay ing  human  MDSC 22  

resea rch .  Recen t ly,  the  in t roduc t ion  o f  mul t ip lex  23  

immunohis tochemis t ry  has  he lped  overcome the  l imi ta t ions  o f  24  

t r ad i t iona l  h i s to log ica l  s tud ies  o f  human  MDSCs  [10] .  However,  25  
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tumor- in f i l t r a t ing  (TI ) -MDSCs  have  d i ff e ren t  func t ions  f rom 1  

per iphera l  b lood  and  sp len ic  MDSCs  [11] .  Moreover,  monocy t i c  2  

MDSCs (M-MDSCs)  in  pe r iphera l  b lood  a re  a  worse  p rognos t i c  f ac to r  3  

than  Tregs  in  lung  cancer  pa t i en t s  [12] .  Al though  human per iphe ra l  4  

blood  and  sp len ic  MDSCs  have  been  re la t ive ly  we l l  s tud ied  [13 ,14] ,  5  

TI-MDSCs  have  been  poor ly  charac te r i zed  in  humans .   6  

To da te ,  f ew M-MDSC- ta rge ted  the rap ies  fo r  cancer  pa t i en t s  7  

have  reached  c l in ica l  t r i a l  s t age  and  thus  many  cha l l enges  remain  in  8  

improv ing  the i r  e ff i cacy.  Al l - t r ans  re t ino ic  ac id  ( t r e t ino in )  induced  9  

the  d i ffe ren t i a t ion  o f  MDSCs  in to  mature  macrophages  wi thou t  10  

inh ib i to ry  func t ions  [15] .  Meanwhi le ,  doxorub ic in  and  gemci tab ine  11  

enhanced  an t i tumor  e ffec t s  in  mice  by  e l imina t ing  o r  suppress ing  12  

MDSCs  [16] .  However,  in  b reas t  cancer  pa t i en t s ,  13  

doxorub ic in–cyc lophosphamide  chemotherapy  ac tua l ly  inc reased  the  14  

number  o f  MDSCs  in  the  pe r iphera l  b lood  [17] .  The  he te rogene i ty  o f  15  

MDSCs and  cancer- spec i f i c  d i ff e rences  make  i t  cha l l eng ing  to  16  

charac te r i ze  MDSCs  and  e luc ida te  the i r  func t ions  fo r  e ffec t ive  17  

MDSC-ta rge ted  the rapy.  There fo re ,  the  he te rogene i ty  o f  MDSCs  in  18  

pa t i en t s  wi th  cancer  needs  t o  be  unde rs tood .  19  

 In  the  p resen t  s tudy,  we  focused  on  charac te r i z ing  TI - ICs  i n  20  

the  TIME of  GC pa t i en t s  (GC TIME) .  The  resu l t s  o f  s ing le -ce l l  RNA 21  

sequenc ing  ( scRNA-seq)  ana lys i s  r evea led  tha t  M-MDSCs  expressed  22  

higher  l eve l s  o f  genes  assoc ia ted  wi th  immunosuppress ive  func t ions  23  

than  o the r  ICs .  Addi t iona l ly,  mul t ip lex  immunohis tochemis t ry  24  

revea led  tha t ,  among  a l l  the  ICs  in  the  GC TIME,  TI -M-MDSCs  were  25  
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most  s t rong ly  assoc ia ted  wi th  a  poor  p rognos i s .  Moreover,  immedia te  1  

ear ly  response  3  ( IER3) +  M-MDSCs  expressed  h igher  l eve l s  o f  2  

immunosuppress ive - func t ion- re la ted  genes  and  were  more  abundan t  3  

in  t r ea tment - res i s t an t  GC pa t i en t s .  IER3  was  an  independen t  poor  4  

prognos t i c  f ac to r  in  GC.  These  f ind ings  ind ica te  tha t  t a rge t ing  IER3 +  5  

TI-M-MDSCs  may  be  a  p romis ing ,  ce l l - spec i f i c  t r ea tment  s t r a tegy  in  6  

pa t i en t s  wi th  ICI - res i s t an t  GC;  however,  fu r the r  s tud ies  a re  needed  to  7  

va l ida te  th i s  approach .  8  

 9  

Mater ia l s  and  Methods   10  

Sample  co l l ec t ion  11  

In  the  p resen t  s tudy,  30  pa t i en t s  wi th  pa tho log ica l ly  d iagnosed  12  

GC and  e sophagea l  squamous  ce l l  ca rc inoma (ESCC)  were  enro l l ed  13  

fo r  scRNA-seq  ana lys i s .  Al l  spec imens  used  in  th i s  s tudy  were  14  

obta ined  f rom pa t i en t s  who  underwent  su rge ry  o r  b iops ie s  fo r  GC and  15  

ESCC a t  Kyushu  Univers i ty  Hosp i t a l  (Fukuoka ,  Japan) .  The  c l in ica l  16  

charac te r i s t i c s  o f  the  enro l l ed  pa t i en t s  a re  summar ized  in  Tab les  S1 .  17  

All  f resh  spec imens  were  ob ta ined  f rom tumors  and  ad jacen t  normal  18  

t i s sues  (Adj .  t i s sue )  immedia te ly  a f t e r  su rg ica l  r e sec t ion  o r  b iopsy.  19  

 20  

10X Genomics  s ing le -ce l l  3 ′  l ibrary  preparat ion  and scRNA-seq  21  

Sing le -ce l l  l ib ra ry  p repara t ion  was  pe r fo rmed  accord ing  to  the  22  

Sing le -ce l l  3 '  Reagen t  Ki t s  v3 .1  manua l  (10X Genomics ,  P leasan ton ,  23  

Cal i fo rn ia ,  USA) ,  and  o the r  ana lyses  desc r ibed  supp lementa l  24  

methods .  25  
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 1  

Sing le -ce l l  gene  express ion  normal izat ion ,  qua l i ty  contro l ,  2  

dimens ional i ty  reduct ion ,  and  annotat ion  3  

Raw sequenc ing  da ta  were  a l igned  to  the  GRCh38  human  4  

re fe rence  genome  and  p rocessed  to  a  ma t r ix  con ta in ing  normal ized  5  

gene  coun t s  ve r sus  ce l l s  pe r  sample  us ing  the  Ce l l  Ranger  so f tware  6  

package  (ve rs ion  5 .0 .0 ) .  Low-qua l i ty  ce l l s  (<200  UMI (Unique .  7  

Molecu la r  Iden t i f i e r s )  / ce l l ,  >6000  genes /ce l l ,  <3  ce l l s /gene ,  and  8  

>25% mi tochondr ia l  genes )  were  exc luded .  To  e l imina te  the  po ten t i a l  9  

in f luence  o f  the  ce l l  cyc le  and  ba tch  e ffec t s  on  the  da ta ,  10  

“Cel lCyc leScor ing”  and  “SCTrans form”  func t ions  were  pe r fo rmed  11  

[18 ,19] .  The  “SCTrans form”  func t ion  was  used  fo r  normal iza t ion ,  to  12  

enab le  merg ing  o f  h igh-qua l i ty  da ta  f rom a l l  s amples  [19] .  The  13  

iden t i f i ed  doub le t s  were  then  f i l t e red  us ing  the  “Double tF inder”  R  14  

package  [20] .  Ce l l - ce l l  in te rac t ions  were  assessed  us ing  “NicheNet”  15  

[21] .    16  

 17  

Ident i f i cat ion  o f  d i f ferent ia l ly  expressed  genes  and pathway  18  

enr ichment  analys i s  19  

The  “F indAl lMarkers”  func t ion  o f  the  Seura t  package  was  20  

used  to  iden t i fy  d i ffe ren t i a l ly  expressed  genes  (DEGs)  among  21  

di ffe ren t  c lus te r s .  The  DEGs  were  ana lyzed  us ing  a  two-s ided  22  

Wilcoxon  rank-sum tes t  wi th  Bonfe r ron i  FDR cor rec t ion .  Pa thway  23  

enr ichment  was  pe r fo rmed  us ing  Gene  Onto logy  (GO;  Metascape)  24  

[22]  and  Gene  Se t  Enr ichment  Ana lys i s  (GSEA;  ve r.4 .3 .2 )  [23] .   25  
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 1  

Gene  s ignature  score  eva luat ion  2  

The  gene  s igna tu re  scor ing  methods  used  in  th i s  s tudy  a re  shown in  3  

Table  S2 .  4  

 5  

scRNA-seq  analys i s  o f  a  publ ic  datase t  6  

See  supp lementa l  me thods .  7  

 8  

Surviva l  ana lys i s  in  TCGA datase t  9  

Gene  Express ion  Prof i l ing  In te rac t ive  Ana lys i s  2  was  10  

per fo rmed  to  ana lyze  the  su rv iva l  o f  pa t i en t s  wi th  s tomach  11  

adenocarc inoma (STAD)  and  esophagea l  ca rc inoma (ESCA)  us ing  12  

TCGA da tase t s  [24] .   13  

 14  

Immunohis tochemis try /  Mul t ip lex  immunohis tochemis try  15  

See  supp lementa l  me thods .  16  

 17  

Stat i s t i ca l  ana lys i s  18  

P-va lues  <0 .05  were  cons ide red  was  a  measure  o f  s t a t i s t i ca l  19  

s ign i f i cance  ( ∗P<0.05 ,  ∗ ∗P<0.01 ,  ∗ ∗ ∗P<0.001 ,  ∗ ∗ ∗ ∗P<0.0001) ,  and  o the r  20  

ana lyses  desc r ibed  supp lementa l  me thods .  21  

 22  

Resul t s  23  

Proposa l  and  va l idat ion  o f  a  new MDSC s ignature  score  24  
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We ana lyzed  a  to ta l  o f  125 ,898  s ing le  ce l l s  f rom 12  GC t i s sues  and  10  1  

Adj .  t i s sue  co l l ec ted  f rom 13  GC pa t i en t s  who  underwent  gas t rec tomy 2  

(F igure  1A,  Tab le  S1) .  The  pa r t i c ipan t s  d id  no t  r ece ive  chemotherapy  3  

or  rad io the rapy  p r io r  to  su rgery.  Unbiased  c lus te r ing  genera ted  16  4  

main  c lus te r s  and  was  anno ta ted  to  16  known c lus te r s  accord ing  to  5  

canon ica l  marker  genes  and  DEGs  (F igure  1B,  S1A–B,  Tab le  S3) .  To  6  

iden t i fy  MDSC c lus te r s ,  we  focused  on  the  express ion  o f  CD11b + ,  7  

CD14 + ,  CD15 + ,  CD33 + ,  and  MHC c lass  I I - ,  a s  MDSC-spec i f i c  ce l l  8  

sur face  markers  [9 ] .  However,  MDSC c lus te r s  in  th i s  da t ase t  were  9  

di ff i cu l t  to  iden t i fy  because  t hese  genes  were  no t  expressed  in  10  

spec i f i c  c lus te r s .  There fo re ,  we  adop ted  the  MDSC gene  s igna tu re  11  

proposed  by  Alshe t a iwi  e t  a l .  and  MDSC-spec i f i c ,  12  

immunosuppress ion- re la ted  genes  to  de tec t  MDSCs  (Tab le  S2)  13  

[25 ,26] .  Addi t iona l ly,  we  iden t i f i ed  MDSCs  based  on  monocy te  14  

marker,  neu t roph i l  marker,  and  IL1B  express ion ,  a s  desc r ibed  by  15  

Alshe ta iwi  e t  a l .  [25] .  MDSC gene  s igna tu re  scor ing  fo r  a l l  c lus te r s  16  

revea led  tha t  the  mye lo id  ce l l  (C8)  and  neu t roph i l  (C9)  c lus te r s  17  

expressed  h igh  l eve l s  o f  the  MDSC s igna tu re  genes  (F igure  1C) .  On  18  

the  bas i s  o f  these  r esu l t s ,  we  specu la ted  tha t  the  mye lo id  c lus te r  (C8)  19  

inc luded  M-MDSCs ,  and  the  neu t roph i l  c lus te r  (C9)  con ta ined  20  

PMN-MDSCs .  We nex t  i so la ted  the  mye lo id  ce l l  and  neu t roph i l  21  

c lus te r s  and  subd iv ided  them in to  f ive  subc lus t e r s  (F igure  1D,  1F) .  22  

With in  the  mye lo id  c lus te r,  the  M3 subc lus te r  had  the  h ighes t  MDSC 23  

s igna tu re  score  [25]  and  MDSC-spec i f i c  immunosuppress ion- re la ted  24  

gene  express ion  l eve l s   [26]  (F igure  1E) .  Fur the rmore ,  the  M3 25  
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c lus te r  exh ib i t ed  h igh  expres s ion  l eve l s  o f  monocy te  markers  and  1  

IL1B  (F igure  S1C) ,  sugges t ing  i t  con ta ined  M-MDSCs .  However,  we  2  

found  tha t  the  MDSC s igna tu re  score  in  the  neu t roph i l  c lus te r  was  no t  3  

cons i s t en t  wi th  the  express ion  l eve l s  o f  MDSC-spec i f i c  4  

immunosuppress ion- re la ted  genes  (F igure  1G) .  Fur the rmore ,  IL1B  5  

express ion  l eve l s  and  IL1B -express ing  neu t roph i l  f r equenc ies  were  6  

highes t  in  the  P2  subc lus te r  (F igure  S1D) ,  whereas  the  MDSC 7  

s igna tu re  score  was  the  h ighes t  in  the  P3  subc lus te r.  Meanwhi le ,  P1 ,  8  

P2,  and  P5  expressed  the  h ighes t  l eve l s  o f  MDSC-spec i f i c  9  

immunosuppress ion- re la ted  genes  among  the  neu t roph i l  subc lus te r s  10  

(F igure  1G) ,  sugges t ing  tha t  they  con ta ined  PMN-MDSCs .  In  11  

accordance  wi th  a  r epor t  tha t  the  MDSC s igna tu re  score  p roposed  by  12  

Alshe ta iwi  e t  a l .  f a i l ed  to  iden t i fy  M-MDSCs  in  human  breas t  cancer  13  

[25] ,  i t  was  a l so  no t  over ly  e ffec t ive  a t  iden t i fy ing  PMN-MDSCs  in  14  

our  GC da tase t .  Consequen t ly,  we  p roposed  a  new MDSC s igna tu re  15  

score ,  which  cou ld  more  e ffec t ive ly  iden t i fy  MDSCs  in  scRNA-seq  16  

da tase t s ,  i r r e spec t ive  o f  the i r  MDSC-spec i f i c  17  

immunosuppress ion- re la ted  gene  express ion .  To  iden t i fy  over lapp ing  18  

genes  be tween  M-  and  PMN-MDSCs ,  we  sea rched  fo r  common genes  19  

spec i f i c  to  these  ce l l  types .  Our  ana lys i s  r evea led  71  DEGs  be tween  20  

M- and  PMN-MDSCs  (F igure  1H,  Tab le  S2) .  These  DEGs  inc luded  21  

genes  invo lved  in  t he  immunosuppress ive  func t ions  o f  MDSCs ,  such  22  

as  IL1B  and  CYBB [26] .  To  cons t ruc t  an  MDSC gene  se t ,  we  23  

iden t i f i ed  f ive  genes  ( IL1B ,  CCR1 ,  CXCL2 ,  GRINA ,  and  IER3 ) ,  which  24  

were  shared  be tween  the  71  DEGs  iden t i f i ed  in  our  s tudy  and  the  25  
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genes  p roposed  by  Alshe ta iwi  e t  a l .  [25]  (F igure  1H) .  These  f ive  1  

genes  were  de f ined  as  the  “new MDSC s igna tu re  score”  (Tab le  S2) .  2  

When th i s  score  was  app l i ed  to  the  GC da tase t ,  i t  showed  tha t  the  M3,  3  

P1,  P2 ,  and  P5  subc lus te r s  scored  s ign i f i can t ly  h igher  than  the  o the r s  4  

(F igure  1 I–J ,  S1E) .  5  

To fu r the r  va l ida te  the  u t i l i ty  o f  the  new MDSC s igna tu re  score  in  6  

iden t i fy ing  MDSCs ,  we  t e s ted  i t s  pe r fo rmance  in  the  ESCC (or ig ina l  7  

da tase t ,  Tab le  S1 :  ESCC samples )  and  HNC da tase t s  (F igure  S2A–F,  8  

S3A–F)  [27] .  The  new MDSC s igna tu re  score  was  used  a longs ide  9  

canon ica l  marker  genes  to  iden t i fy  c lus te r s ,  inc lud ing  M-MDSCs  and  10  

PMN-MDSCs ,  in  the  ESCC and  HNC da tase t s .  We found  tha t  the  new 11  

MDSC s igna tu re  s core  and  MDSC-spec i f i c  immunosuppress ive  12  

func t ion- re la ted  genes  were  cons i s t en t  a t  iden t i fy ing  M-MDSCs  13  

(ESCC;  M4,  HNC;  M4)  and  PMN-MDSCs (ESCC;  P1 ,  HNC;  P1)  14  

(F igure  S2F,  S3F) .  In  add i t ion ,  these  c lus te r s  expressed  monocy te  15  

markers ,  neu t roph i l  markers ,  and  IL1B ,  a s  desc r ibed  by  Alshe t a iw i  e t  16  

a l .  (F igure  S2D,  S3D)  [25] .  These  resu l t s  ind ica ted  tha t  a  s igna tu re  17  

score  based  on  f ive  se lec ted  genes  e ff ec t ive ly  iden t i f i ed  MDSC 18  

c lus te r s  wi th in  scRNA-seq  da tase t s .  Thus ,  the  new MDSC s igna tu re  19  

score  cou ld  he lp  d i ffe ren t i a te  PMN-MDSCs  f rom neu t roph i l s  and  20  

M-MDSCs  f rom o the r  mye lo id  ce l l s .  21  

 22  

Compari son  o f  the  immunosuppress ive  func t ions  o f  23  

immunosuppress ive  ce l l  types  in  GC 24  
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We nex t  ex t rac ted  ICs  f rom the  scRNA-seq  da tase t  to  inves t iga te  1  

which  ce l l  types  had  the  mos t  impor tan t  immunosuppress ive  2  

func t ions  wi th in  the  GC TIME.  We then  iden t i f i ed  and  added  the  3  

subse t s  “ep i the l ium” ,  “ t e rmina l -exhaus ted  CD8 T-ce l l s”  (TE_CD8T) ,  4  

and  “progen i to r-exhaus ted  CD8 T-ce l l s”  (PE_CD8T)  to  eva lua te  the i r  5  

ce l l - ce l l  in te rac t ions  wi th in  the  GC TIME (F igure  2A,  S4A–H) .  The  6  

ra t io  o f  ICs  to  TE_CD8T and  PE_CD8T subse t s  was  s ign i f i can t ly  7  

higher  in  the  GC and  ESCC t i s sues  than  in  Adj .  t i s sues  (F igure  2B,  8  

S5A) .  Addi t iona l ly,  the  inc rease  in  the  number  o f  M-MDSCs  be tween  9  

GC/ESCC t i s sues  and  Adj .  t i s sues  was  mos t  d ramat ic  (F igure  2C,  10  

S5B) .  Nex t ,  we  eva lua ted  the  pe r fo rmance  o f  the  11  

“ immunosuppress ion  s igna tu re  score” ,  which  was  cons t ruc ted  f rom 12  

genes  p re sen ted  in  F igure  S2E (Tab le  S2)  in  each  immunosuppressed  13  

ce l l .  The  genes  fo r  the  immunosuppres s ion  s igna tu re  score  were  14  

se lec ted  based  on  resu l t s  f rom prev ious  s tud i es ,  which  showed  tha t  15  

these  genes  were  a ssoc ia ted  wi th  immunosuppress ive  func t ions  16  

[26 ,28] .  We found  tha t  M-MDSCs  scored  h ighes t  in  our  GC da ta se t ,  17  

fo l lowed  by  Mregs ,  PMN-MDSC,  and  Tregs  (F igure  2D) .  The  18  

express ion  l eve l  o f  IL1B  was  remarkab ly  h igher  in  M-MDSCs  wi th  19  

gas t r i c  cancer  than  in  o the r  ICs  (F igure  2E) .  S imi la r  r e su l t s  were  20  

obta ined  by  a  s tudy  us ing  ano ther  GC da tase t  and  the  same  ESCC 21  

da tase t  a s  used  in  our  s tudy  (F igure  2D,  S5C)  [29] .  However,  22  

PMN-MDSCs  and  M-MDSCs  scored equa l ly  h igh  in  co lon  cancer  23  

[30] ,  ind i ca t ing  tha t  PMN-MDSCs  may  have  a  more  impor tan t  ro le  i n  24  

co lon  cancer  than  in  o the r  cancer  types  (F igure  S5C) .  The  express ion  25  
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of  each  gene  ( i . e . ,  CYBB ,  TGFB1 ,  IL6 ,  and  VEGFA )  was  conf i rmed  to  1  

be  h igher  in  PMN-MDSCs  in  co lon  cancer  than  in  o the r  cancers  2  

(F igure  S5D) .  Fur the rmore ,  the  scores  were  s ign i f i can t ly  h igher  i n  3  

the  PMN-MDSC,  M-MDSC,  Treg ,  and  ep i the l ium c lus te r s  o f  the  GC 4  

than  in  those  o f  Adj .  t i s sue  (F igure  2F) .  By  con t ras t ,  t he  Mreg  scor es  5  

were  no t  s ign i f i can t ly  d i ffe ren t  be tween  the  GC and  Adj .  t i s sues .  6  

 TCGA da t a  were  then  used  to  eva lua te  the  7  

cor re la t ion  be tween  pa t i en t  s igna tu re  scores  and  the i r  p rognos i s .  The  8  

resu l t s  sugges ted  t ha t  GC and  ESCC may  have  s imi la r  9  

immunosuppress ive  TIMEs .  There fo re ,  we  used  a  combined  STAD 10  

and  ESCA TCGA da tase t  to  show tha t  the  h igh-scor ing  g roup  o f  11  

pa t i en t s  had  a  s ign i f i can t ly  worse  p rognos i s  than  the  low-scor ing  12  

group ;  a  t r end  toward  poor  p rognos i s  was  a l so  obse rved  ind iv idua l ly  13  

fo r  h igh-scor ing  STAD and  ESCA pa t i en t s  (F igure  S5E–F) .  The  14  

M-MDSC s igna tu re  score  (DEGs;  M3)  cor re la ted  more  s t rong ly  wi th  15  

prognos i s  than  the  PMN-MDSC (DEGs;  P1 ,  2 ,  5 )  and  Treg  s igna tu re  16  

scores  (DEGs;  CD4-4)  (F igure  2G,  Tab le  S2) .  The  iden t i f i ca t ion  o f  17  

DEGs be tween  M-MDSCs  in  GC and  Adj .  t i s sues ,  r evea led  tha t  IER3  18  

and  GRINA ,  two  o f  the  new MDSC s igna tu re  s core  genes ,  were  a l so  19  

GC DEGs  (F igure  2H,  Tab le  S2) .  In  PMN-MDSCs ,  IER3  and  IL1B  20  

were  obse rved  among  the  GC DEGs (F igure  2H,  Tab le  S2) .  We  found  21  

tha t  the  pa t i en t s  wi th  h igh  M-MDSCs  DEG express ion  l eve l s  in  tumor  22  

had  a  s ign i f i can t ly  worse  p rognos i s  t han  those  wi th  low M-MDSCs  23  

DEG express ion  l eve l s  in  tumor ;  meanwhi le ,  t he  expres s ion  o f  24  

M-MDSCs DEGs  in  Adj .  t i s sue  was  no t  s ign i f i can t ly  assoc ia ted  wi th  25  
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prognos i s  (F igure  2 I ) .  These  resu l t s  sugges t  tha t  M-MDSCs  can  be  1  

impor tan t  in  the  deve lopment  o f  an  immunosuppress ive  GC TIME.   2  

 3  

Prognost ic  impact  o f  TI -ICs  in  GC 4  

To inves t iga te  TI - ICs  and  p rognos i s  i n  GC t i s sues ,  we  examined  5  

GC samples  us ing  immunohis tochemis t ry ;  the  c l in ica l  charac te r i s t i c s  6  

of  these  pa t i en t s  a re  p resen ted  in  Tab le  S4 .  F i r s t ,  we  c lass i f i ed  7  

pa t i en t s  wi th  FOXP3-expres s ing  Tregs  in to  low and  h igh  g roups  8  

based  on  the i r  med ian  ce l l  numbers  (F igure  3A) .  We found  no  9  

s ign i f i can t  d i ff e rence  be tween  the  OS of  pa t i en t s  a l loca ted  to  the  10  

Treg-h igh  and  - low groups  (F igure  3B) .  On  the  bas i s  o f  p rev ious  11  

s tud ies  showing  tha t  M-MDSCs  a re  charac te r i zed  as  12  

CD14 + CD15 - HLA-DR/DP/DQ -  ce l l s  and  PMN-MDSC as  13  

CD14 - CD15 + HLA-DR/DP/DQ -  ce l l s  [31] ,  we  nex t  eva lua ted  MDSCs  14  

in  GC and  Adj .  t i s sues  us ing  mul t ip lex  immunohis tochemis t ry  15  

(F igure  3C) .  Our  resu l t s  showed tha t  M-MDSC and  PMN-MDSC 16  

numbers  were  s ign i f i can t ly  h igher  in  GC t i s sues  than  in  Adj .  t i s sues  17  

(F igure  3D) .  Thus ,  GC pa t i en t s  were  nex t  d iv ided  in to  M-MDSC and  18  

PMN-MDSC -h igh  and  - low groups  accord ing  to  the i r  med ian  ce l l  19  

coun ts  o f  M-MDSCs  and  PMN-MDSCs ,  r espec t ive ly.  The  g roup  wi th  20  

high  M-MDSC coun ts  and  tha t  wi th  h igh  PMN-MDSC coun ts  had  a  21  

s ign i f i can t ly  poore r  p rognos i s  than  the i r  co r respond ing  low groups  22  

(F igure  3E) .  The  HR fo r  M-MDSCs  was  h igher  than  tha t  fo r  23  

PMN-MDSCs  (HR:  6 .499  vs .  2 .923) .  Addi t iona l ly,  pa t i en t s  wi th  h igh  24  

counts  o f  M-MDSC and  PMN-MDSC,  o r  h igh  coun t s  o f  M-MDSCs  and  25  
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low coun t s  o f  PMN-MDSCs ,  had  a  s ign i f i can t ly  worse  p rognos i s  t han  1  

those  wi th  low M-MDSC and  PMN-MDSC counts  (F igure  3F) .  These  2  

resu l t s  sugges t  tha t  the  p rognos i s  o f  GC pa t i en t s  i s  co r re la ted  wi th  3  

TI-M-MDSC numbers .  4  

 5  

Ident i f i ca t ion  o f  therapeut ic  target  molecu les  in  TI-M-MDSCs of  6  

pat ients  wi th  GC  7  

IER3  was  one  o f  the  DEGs  iden t i f i ed  in  M-MDSCs/PMN-MDSCs  8  

be tween  GC and  Adj .  t i s sues ;  i t  was  a l so  inc luded  in  the  new MDSC 9  

s igna tu re  score  (F igure  1H,  2H) .  There fo re ,  we  nex t  focused  on  IER3 10  

in  M-MDSCs .  Al though  IER3 i s  a s soc ia ted  wi th  a  poor  p rognos i s  in  11  

tongue  cancer  [32] ,  no  s tud ie s  have  demons t ra ted  i t s  s ign i f i cance  in  12  

GC.  Thus ,  to  inves t iga te  the  c l in ica l  impac t  o f  IER3 in  GC,  we  13  

per fo rmed  IER3 s t a in ing  o f  GC samples  (F igure  4A) .  The  da ta  14  

revea led  tha t  IER3 express ion  was  s ign i f i can t ly  h igher  in  samples  15  

f rom pa t i en t s  who  exper ienced  GC recur rence  than  in  samples  f rom 16  

those  who  d id  no t  (F igure  4B) .  We nex t  inves t iga ted  the  assoc ia t ion  17  

be tween  IER3 express ion  and  the  recu r rence  ra te  and  p rognos i s  o f  GC 18  

pa t i en t s  a f t e r  gas t rec tomy (Tab le  1 ) .  I n  the  un iva r iab le  ana lys i s ,  19  

s tage ,  neoad juvan t  chemotherapy,  ad juvan t  chemotherapy,  20  

pos topera t ive  compl ica t ions ,  and  IER3 express ion  were  i den t i f i ed  as  21  

s ign i f i can t  r i sk  fac to r s  fo r  r ecur rence  a f t e r  gas t rec tomy (P<0.05) .  22  

The  mul t iva r i ab le  ana lys i s  r e su l t s  demons t ra ted  tha t  s t age  and  IER3 23  

express ion  were  s ign i f i can t  r i sk  fac to r s  fo r  r ecur rence  (P<0.05) .  We 24  
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fu r the r  va l ida ted  the  s ign i f i cance  o f  IER3 express ion  in  GC us ing  1  

propens i ty  score  match ing  ana lys i s .   2  

Before  p ropens i ty  score  match ing ,  78  and  83  pa t i en t s  were  3  

inc luded  in  the  IER3- low and  IER3-h igh  g roups ,  r e spec t ive ly.  There  4  

was  a  s ign i f i can t  d i ff e rence  in  s t age  and  ad juvan t  chemotherapy  5  

paramete r s  be tween  these  g roups  (Tab le  2 ) .  Af te r  p ropens i ty  score  6  

match ing ,  the  IER3- low and  IER3-h igh  g roups  each  con ta ined  44  7  

pa t i en t s .  The  IER3-h igh  g roup  had  s ign i f i can t ly  worse  r e lapse - f ree  8  

surv iva l  (RFS)  (P=0.0251 ,  HR=5.415)  and  OS (P=0.0290 ,  HR=5.250)  9  

than  the  IER3- low group  (F igure  4C) .   10  

We nex t  examined  IER3 +  TI -MDSCs  (F igure  4D)  and  found  tha t  the  11  

percen tages  o f  IER3 +  M-MDSC and  IER3 +  PMN-MDSC were  12  

s ign i f i can t ly  h igher  in  the  GC than  in  Adj .  t i s sues  (F igure  4E) .  The  13  

percen tages  o f  IER3 -express ing  ce l l s  were  h ighes t  in  the  C8  and  C9  14  

c lus te r s ,  and  IER3  express ion  was  h ighes t  in  M-MDSCs  and  15  

PMN-MDSCs  (F igure  S6A–D,  S6F–G) .  In  add i t ion ,  the  pe rcen tage  o f  16  

IER3 +  ce l l s  was  h igher  in  GC than  in  Adj .  t i s sues  (F igure  S6E,  S6H) .  17  

Subsequen t ly,  GC pa t i en t s  were  d iv ided  in to  IER3 −  and  IER3 +  g roups  18  

accord ing  to  the  IER3  expres s ion  l eve l s  o f  the i r  M-MDSCs  and  19  

PMN-MDSCs  (de te rmined  by  scRNA-seq) .  The  g roups  wi th  e i the r  20  

IER3 +  M-MDSCs  o r  IER3 +  PMN-MDSCs  had  a  s ign i f i can t ly  h igher  21  

immunosuppress ive  s igna tu re  scores  than  the  cor respond ing  IER3 −  22  

groups  (F igure  4F) .  23  

To inves t iga te  in te rce l lu la r  communica t ion  be tween  M-MDSCs  and  24  

other  immune  ce l l s  in  the  GC TIME,  we  pe r fo rmed  sys temat ic  25  
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ana lyses  o f  po ten t i a l  ce l l - ce l l  in te rac t ions  us ing  NicheNet  [21] .  We 1  

then  focused  on  the  in te rac t ion  be tween  IER3  and  TNF ( t he  gene  2  

encod ing  tumor  nec ros i s  f ac to r  [TNF])  (F igure  4G,  S6I )  because  TNF  3  

was  more  h igh ly  expressed  in  Mregs  than  in  o the r  ce l l  types  (F igure  4  

S6J) .  P rev ious ly,  IER3 was  repor ted  to  r egu la te  the  b io log ica l  e ffec t s  5  

of  TNF [33] .  Moreover,  TNF  i s  an  M1- l ike  macrophage  marker  gene  6  

and  the  in te rac t ion  be tween  M-MDSCs  and  macrophages  i s  invo lved  7  

in  immunosuppress ion  [34] .  Our  f ind ings  revea led  tha t  IER3  8  

express ion  in  TI -M-MDSCs  was  s ign i f i can t ly  h igher  in  GC than  in  9  

Adj .  t i s sues  (F igure  4H,  l e f t ) .  By  con t ras t ,  TNF  express ion  in  Mregs  10  

was  lower  in  GC than  in  Adj .  t i s sues  (F igure  4H,  r igh t ) .  Addi t iona l ly,  11  

the  numbers  o f  IER3 +  M-MDSCs  and  TNF +  Mregs  were  s ign i f i can t ly  12  

inverse ly  cor re la ted  (F igure  4 I ) .  Fur the rmore ,  pa t i en t s  wi th  IER3 +  13  

M-MDSC h igh  had  macrophages  wi th  h igher  immunosuppress ive  14  

s igna tu re  scores  than  those  wi th  IER3 +  M-MDSC low (F igure  4J ) .  15  

This  obse rva t ion  suppor t s  t he  no t ion  tha t  IER3 in  M-MDSCs  16  

con t r ibu tes  to  the  po la r i za t ion  o f  mac rophages  toward  the  17  

immunosuppress ive  M2 pheno type .  Addi t iona l ly,  th i s  r e su l t  r evea led  18  

tha t  IER3 +  M-MDSCs  were  more  enr iched  fo r  t he  19  

"GOBP_LYMPHOCYTE_CHEMOTAXIS"  s igna l ing  pa thway  than  20  

IER3 −  M-MDSCs  (F igure  4K,  Tab le  S5) .  CCL3  i s  one  o f  the  core  21  

enr ichment  genes  o f  the  “GOBP_LYMPHOCYTE_CHEMOTAXIS”  22  

s igna l ing  pa thway.  We found  tha t  CCL3  express ion  was  s ign i f i can t ly  23  

higher  in  IER3 +  M-MDSCs  than  in  IER3 −  M-MDSCs  (F igure  4L) .  24  

CCL3 induces  MDSCs  and  CCR1 +  tumor-assoc ia ted  macrophages  25  
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(TAMs)  t o  en te r  the  TIME [3 ,35] .  We  found  tha t  CCR1  express ion  in  1  

M-MDSCs  was  s ign i f i can t ly  h igher  in  Adj .  t i s sues  than  in  GC t i s sues  2  

(F igure  4M) ,  sugges t ing  tha t  CCL3 in  IER3 +  M-MDSCs  may  rec ru i t  3  

CCR1 +  M-MDSCs  f rom hea l thy  t i s sues  to  the  tumor.  On  the  bas i s  o f  4  

these  resu l t s ,  IER3 in  TI -M-MDSC may  be  invo lved  in  the  5  

deve lopment  o f  the  immunosuppress ive  GC TIME.  6  

 7  

Gene  express ion  l eve l s  in  Lauren's  c lass i f i ca t ion ,  tumor locat ion ,  8  

and s tage  9  

To exp lore  d i ffe rences  in  TIME in  Lauren ' s  c l a ss i f i ca t ion ,  10  

tumor  loca t ion ,  and  s t age ,  we  eva lua ted  the  immunosuppress ive  11  

s igna tu re  score  and  IER3  express ion  in  M-MDSCs ,  r e spec t ive ly.  The  12  

immunosuppress ive  s igna tu re  scores  were  h igher  in  mixed ,  Body,  and  13  

s tage  I I /  I I I  than  in  o the r  g roups  (F igure  S7A) .  Fur the rmore ,  IER3  14  

express ion  l eve l s  were  h igher  in  s t age  I I /  I I I  than  in  the  o the r  g roups  15  

(F igure  S7B) .  However,  fu r the r  s tud ies  a re  needed  to  uncover  TIME 16  

in  each  g roup  due  to  va r ia t ions  in  pa t i en t  backgrounds .  17  

 18  

Role  o f  IER3 in  M-MDSCs in  the  GC TIME and res i s tance  to  19  

ant i -PD-1  ant ibody  therapy   20  

TI-MDSCs  confe r  r e s i s t ance  to  an t i -PD-1  an t ibody  (a  popu la r  21  

ICI )  the rapy  in  mouse  mode l s  o f  advanced  GC [36] .  Thus ,  we  nex t  22  

eva lua ted  the  TIME in  pa t i en t s  wi th  HNC rece iv ing  an t i -PD-1  23  

an t ibody  the rapy  [27] .  Tumor-an t igen-spec i f i c  CD8 +  T-ce l l s  o f t en  24  

become exhaus ted  in  the  TIME [37] .  There fo re ,  CD8-1  and  CD8-3  25  
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c lus te r s  were  de f ined  as  the  TE_CD8T and  PE_CD8T subse t s  (F igure  1  

S8A,  S8B) .  There  was  no  s ign i f i can t  d i ff e rence  be tween  the  cy to tox ic  2  

s igna tu re  scores  [38]  o f  the  TE_CD8T subse t  in  the  p re -  and  3  

pos t - t r ea tment  g roups  (F igure  S8C,  r igh t ) .  However,  the  PE_CD8T 4  

popula t ion  o f  the  pos t - t r ea tment  g roup  had  a  s ign i f i can t ly  h igher  5  

cy to tox ic  s igna tu re  score  than  tha t  o f  the  p re - t rea tment  g roup  (F igure  6  

S8C,  l e f t ) .  Th i s  r e su l t  i s  cons i s t en t  wi th  tha t  o f  a  p rev ious  s tudy,  a s  i t  7  

showed  tha t  PE_CD8T cou ld  respond  to  an t i -PD-1  the rapy  whi le  8  

TE_CD8_T cou ld  no t  [39] .  We found  no  s ign i f i can t  d i ff e rence  9  

be tween  the  immunosuppress ive  s igna tu re  scores  o f  PMN-MDSCs  in  10  

the  p re -  and  pos t - t r ea tment  g roups ;  however,  the  immunosuppress ive  11  

s igna tu re  score  o f  M-MDSCs  was  s ign i f i can t ly  h igher  a f t e r  t r ea tment  12  

(F igure  S8D) .  To  assess  the  ICI - res i s t an t  TIME in  GC,  we  nex t  13  

per fo rmed  scRNA-seq  o f  samples  f rom GC pa t i en t s  wi th  p rogress ive  14  

disease  (PD)  a f t e r  r ece iv ing  an t i -PD-1  an t ibody  t r ea tment  and  15  

chemotherapy  (Chemo+ant i -PD-1)  (F igure  5A) .  We ana lyzed  a  to ta l  16  

of  72 ,745  s ing le  ce l l s  f rom th ree  Adj .  t i s sue  samples ,  th ree  tumor  17  

samples  f rom un t rea ted  GC pa t i en t s  (No  t rea tment ) ,  two  tumor  18  

samples  f rom GC pa t i en t s  on  chemotherapy  (Chemo) ,  and  two  tumor  19  

samples  f rom pa t i en t s  on  Chemo+ant i -PD-1 .  The  c l in ica l  20  

charac te r i s t i c s  o f  these  pa t i en t s  were  recorded  (Tab le  S1 :  21  

GC-t rea tment  samples ) .  Unbiased  c lus te r ing ,  us ing  canon ica l  marker  22  

genes  and  DEGs ,  genera ted  18  main  c lus te r s  (F igure  S9A–C) .  23  

Subsequen t ly,  we  i so la ted  seven  CD8 T-ce l l  subc lus te r s  and  24  

iden t i f i ed  the  PE_CD8T and  TE_CD8T subse t s  (F igure  5B,  S9D) .  The  25  
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resu l t s  showed  tha t  the  cy to tox ic  s igna tu re  score  and  the  p ropor t ion  1  

of  the  PE_CD8T subse t  were  h ighes t  i n  the  Chemo+ant i -PD-1  g roup  2  

(F igure  5C–D) .  Nex t ,  the  M-MDSC subc lus te r  was  iden t i f i ed  wi th in  3  

the  C8  c lus te r  (F igure  5E ,  S9E–F) .  The  immunosuppress ive  s igna tu re  4  

score  and  IER3  express ion  o f  th i s  M-MDSC subse t  were  s ign i f i can t ly  5  

higher  in  the  Chemo+ant i -PD-1  g roup  than  in  the  o the r  g roups  6  

(F igure  5F–G) .  In  add i t ion ,  the  Chemo+ant i -PD-1  g roup  had  the  7  

highes t  f r equency  o f  M-MDSCs ,  mos t  o f  which  were  IER3 +  (F igure  8  

5H,  S9H) .  By  con t ras t ,  the  immunosuppress ive  s igna tu re  score  and  9  

IER3  express ion  o f  the  PMN-MDSC subse t  ( iden t i f i ed  f rom the  C10  10  

c lus te r )  were  no t  s ign i f i can t ly  d i ffe ren t  be tween  the  11  

Chemo+ant i -PD-1  and  o the r  g roups  (F igure  5 I–K,  S9G) .  However,  the  12  

number  o f  PMN-MDSCs  was  h ighes t  i n  the  Chemo+ant i -PD-1  g roup  13  

and  ha l f  o f  these  ce l l s  were  IER3 +  (F igure  5L ,  S9I ) .  These  f ind ings  14  

sugges t  t ha t  M-MDSCs ,  e spec ia l ly  IER3 +  M-MDSCs ,  con t r ibu ted  to  15  

an t i -PD-1  an t ibody  the rapy  r es i s t ance  in  GC.  16  

 17  

Discuss ion  18  

 The  TIME i s  a  h igh ly  co mplex  and  dynamic  sys tem,  19  

in  which  immune  ce l l s  p lay  impor tan t  ro les .  MDSC-induced  cy to tox ic  20  

T-ce l l  exhaus t ion  and  dys func t ion  a re  f requen t ly  obse rved  in  va r ious  21  

so l id  tumors  [6 ,40] .  Al though  a l l  IC  types  a re  p red ic to r s  o f  poor  22  

prognos i s  in  cancer,  the  p resence  o f  M-MDSCs  in  the  pe r iphera l  23  

blood  o f  pa t i en t s  wi th  lung  cancer  was  assoc ia ted  wi th  a  worse  24  

prognos i s  than  tha t  o f  Tregs  [3–5 ,12] .  However,  no  s tud ie s  have  25  
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eva lua ted  which  TI - ICs  domina te  in  the  deve lopment  o f  the  1  

immunosuppress ive  TIME.  In  the  p resen t  s tudy,  TI -M-MDSCs  in  GC 2  

TIME expressed  h igher  l eve l s  o f  immunosuppress ion- re la ted  genes  3  

than  o the r  ICs .  Bes ides ,  the  M-MDSCs  were  assoc ia ted  wi th  the  wors t  4  

prognos t i c  among  the  ICs .  These  resu l t s  sugges t  tha t  M-MDSCs  can  5  

play  a  p redominan t  ro le  in  the  immunosuppress ive  GC TIME.   6  

 ICIs  a re  the  s t andard  t r ea tment  fo r  r ecur ren t  o r  7  

unresec tab le  GC [41] .  However,  because  th i s  mode  o f  t r ea tmen t  i s  no t  8  

the  s t andard  neoad juvan t  the rapy  in  Japan ,  i t  i s  cha l l eng ing  to  ob t a in  9  

adequa te  numbers  o f  spec imens  f rom GC pa t i en t s  r ece iv ing  ICI  10  

the rapy.  In  the  p resen t  s tudy,  we  co l l ec ted  these  ra re ,  f r e sh  samples  11  

f rom an t i -PD-1-an t ibody- t rea ted  GC pa t i en t s  dur ing  p rocedures  such  12  

as  pa l l i a t ive  su rgery.  These  samples  were  then  ana lyzed  us ing  13  

scRNA-seq .  To  the  bes t  o f  our  knowledge ,  th i s  i s  the  f i r s t  s tudy  to  14  

ana lyze  the  scRNA-seq  da ta  genera ted  f rom human  GC samples  15  

fo l lowing  an t i -PD-1  an t ibody  t r ea tment .  I t  r evea led  tha t ,  a l though  16  

pa t i en t s  in  the  Chemo+ant i -PD-1  g roup  had  p rogress ive  d i sease ,  the i r  17  

exhaus ted  CD8 +  T-ce l l s  expressed  s ign i f i can t ly  h igher  l eve l s  o f  18  

cy to tox ic i ty - re la ted  genes  t han  those  o f  pa t i en t s  in  the  Chemo group ,  19  

cons i s t en t  wi th  the  resu l t s  o f  p rev ious  s tud ies  o f  o the r  cancers  [39] .  20  

However,  the  immunosuppres s ion- re la ted  gene  express ion  o f  21  

M-MDSCs  was  s ign i f i can t ly  h igher  in  the  Chemo+ant i -PD-1  g roup  22  

than  in  o the r  g roups .  Moreover,  M-MDSCs  were  mos t  abundan t  in  t he  23  

Chemo+ant i -PD-1  g roup .  These  resu l t s  sugges t  tha t  TI -M-MDSCs  24  

confe r  t r ea tment  r e s i s t ance  in  GC.  25  
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In  the  p re sen t  s tudy,  we  iden t i f i ed  IER3 as  one  o f  the  new MDSC 1  

s igna tu re  score  genes  and  an  impor tan t  M-MDSC DEG in  GC.  2  

There fore ,  we  focused  on  IER3 in  TI -M-MDSCs  in  the  GC TIME.  3  

Prev ious ly,  IER3 was  shown to  be  invo lved  in  p ro tec t ing  ce l l s  f rom 4  

apop tos i s  in  a  p rognos t i c  mode l  o f  tongue  cance r  [32] .  However,  no  5  

s tud ies  had  inves t iga ted  the  express ion  and  func t ion  o f  IER3 in  6  

TI-MDSCs  in  the  GC TIME.  The  p resen t  s tudy  demons t ra ted  tha t  7  

IER3 was  an  independen t  poor  p rognos t i c  f ac to r  in  GC and  tha t  IER3 +  8  

TI-M-MDSCs  were  more  abundan t  in  GC t i s sues  than  in  normal  9  

ad jacen t  t i s sues .  Based  on  these  resu l t s ,  IER3 +  MDSCs  may  be  l e ss  10  

suscep t ib le  to  apop tos i s  and  thus  con t inue  to  exer t  the i r  11  

immunosuppress ive  func t ion ,  which  l eads  to  a  poor  p rognos i s .  12  

Fur the rmore ,  M-MDSCs  were  more  abundan t  in  the  13  

t r ea tment - res i s t an t  than  - respons ive  GC pa t i en t s ,  mos t  o f  which  were  14  

IER3 + .  IER3 par t i c ipa tes  in  r es i s t ance  to  gemci tab ine  in  pancrea t i c  15  

duc ta l  adenocarc inoma [42] .  These  f i nd ings  sugges t  tha t  the rapy  fo r  16  

IER3 +  M-MDSCs  may  po ten t i a l ly  a l t e r  the  the rapy- res i s t an t  TIME.  17  

Our  da ta  ind ica ted  tha t  IER3 +  M-MDSC and  TNF +  Mreg  numbers  were  18  

inverse ly  cor re la ted .  Moreover,  macrophages  expressed  h igher  l eve l s  19  

of  immunosuppress ion- re la ted  genes  i n  GC pa t i en t s  wi th  IER3-h igh  20  

M-MDSCs  than  in  those  wi th  IER3- low M-MDSCs .  In te rac t ing  21  

M-MDSCs and  macrophages  con t r ibu te  to  immunosuppress ion ;  22  

moreover,  M-MDSCs  can  d i ffe ren t i a ted  in to  TAMs [34 ,43] .  23  

Meanwhi l e ,  IER3 overexpress ion  in  T-ce l l s  p ro longs  the i r  su rv iva l ,  24  

sugges t ing  IER3 pro tec t s  T-ce l l s  f rom apop tos i s  [44] .  These  resu l t s  25  
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sugges t  t ha t  IER3 +  M-MDSCs  migh t  be  l e s s  suscep t ib le  to  apop tos i s  1  

and  subsequen t ly  d i ffe ren t i a te  in to  immunosuppress ive  macrophages .  2  

 M-MDSCs  can  be  a  p romis ing  the rapeu t i c  t a rge t ;  3  

however,  i t  i s  d i ff i cu l t  to  deve lop  M-MDSC-spec i f i c  t r ea tment  4  

because  the re  a re  no  M-MDSC-spec i f i c  molecu les .  The  p resen t  s tudy  5  

demons t ra ted  IER3  was  h igh ly  expressed  in  M-MDSCs  bu t  a l so  in  6  

other  immune  ce l l s  (F igure  S6A–H) .  There fo re ,  M-MDSC-spec i f i c  7  

the rapy  i s  s t i l l  cha l l eng ing .  Recen t ly,  i t  has  been  repor ted  tha t  8  

myelo id  ce l l -de r ived  IL1β  was  a  p romis ing  the rapeu t i c  t a rge t  in  the  9  

t r ea tment  o f  pancrea t i c  cancer  [45] .  We a l so  found  tha t  M-MDSCs  10  

expressed  h igher  l eve l s  o f  IL1B  t han  o the r  immunosuppressed  o r  11  

cancer  ce l l s .  (F igure  2E) .  These  da ta  sugges t  t ha t  IL1β - t a rge t ing  12  

t r ea tment  may  be  e ffec t ive  in  gas t r i c  cancer  pa t i en t s  wi th  h igh  13  

f rac t ion  o f  M-MDSCs .  14  

In  recen t  yea r s ,  He l i cobac te r  py lo r i  (H .  py lo r i )  in fec t ion  has  15  

a t t r ac ted  a t t en t ion  fo r  i t s  r e l a t ionsh ip  wi th  monocy tes .  A p rev ious  16  

s tudy  revea led  M2- l ike  monocy tes  were  s ign i f i can t ly  inc reased  in  H.  17  

pylor i - in fec ted  pa t i en t s  compared  to  the  con t ro l s  [46] .  On  the  o the r  18  

hand ,  monocy te  adhes ion  p layed  an  essen t i a l  ro le  in  the  deve lopment  19  

of  H.py lo r i  in fec t ion-assoc ia ted  gas t r i c  d i seases  [47] .  The  p resen t  20  

s tudy  d id  no t  inc lude  the  su ff i c ien t  number  o f  H .py lo r i  pos i t ive  and  21  

nega t ive  cases  to  revea l  the  re la t ionsh ips  be tween  H.  py lo r i  in fec t ion  22  

and  M-MDSCs .  There fo re ,  fu r the r  s tud ies  wi l l  be  needed  to  e luc ida te  23  

these  re la t ionsh ips .  24  
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 In  conc lus ion ,  we  have  shown tha t  TI -M-MDSCs ,  e spec ia l ly  1  

IER3 +  M-MDSCs ,  can  be  invo lved  in  t he  deve lopment  o f  an  2  

immunosuppress ive  and  ICI - res i s t an t  GC TIME.  There fo re ,  IER3 +  3  

M-MDSCs  may  be  p romis ing  t a rge t s  fo r  nove l  GC the rap ies ;  a l though  4  

th i s  wi l l  need  to  be  va l ida ted  in  fu r the r  s tud ies .  5  

  6  
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m e t a s t a s i s .  N a t  R e v  C a n c e r .  2 0 0 9 ; 9 : 2 3 9 – 5 2 .   8  

7 .  M o v a h e d i  K ,  G u i l l i a m s  M ,  V a n  D e n  B o s s c h e  J ,  V a n  D e n  9  

B e r g h  R ,  G y s e m a n s  C ,  B e s c h i n  A ,  e t  a l .  I d e n t i f i c a t i o n  o f  10  

d i s c r e t e  t u m o r - i n d u c e d  m y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l  11  

s u b p o p u l a t i o n s  w i t h  d i s t i n c t  T  c e l l  s u p p r e s s i v e  a c t i v i t y .  12  

B l o o d .  2 0 0 8 ; 1 1 1 : 4 2 3 3 – 4 4 .   13  

8 .  D o l c e t t i  L ,  P e r a n z o n i  E ,  U g e l  S ,  M a r i g o  I ,  G o m e z  A F ,  14  

M e s a  C ,  e t  a l .  H i e r a r c h y  o f  i m m u n o s u p p r e s s i v e  s t r e n g t h  15  

a m o n g  m y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l  s u b s e t s  i s  16  

d e t e r m i n e d  b y  G M - C S F .  E u r  J  I m m u n o l .  2 0 1 0 ; 4 0 : 2 2 – 3 5 .   17  

9 .  B r o n t e  V ,  B r a n d a u  S ,  C h e n  S H ,  C o l o m b o  M P,  F r e y  A B ,  18  

G r e t e n  T F ,  e t  a l .  R e c o m m e n d a t i o n s  f o r  m y e l o i d - d e r i v e d  19  

s u p p r e s s o r  c e l l  n o m e n c l a t u r e  a n d  c h a r a c t e r i z a t i o n  20  

s t a n d a r d s .  N a t  C o m m u n  [ I n t e r n e t ] .  2 0 1 6 ; 7 : 1 – 1 0 .  21  

A v a i l a b l e  f r o m :  h t t p : / / d x . d o i . o r g / 1 0 . 1 0 3 8 / n c o m m s 1 2 1 5 0  22  

1 0 .  V e g l i a  F ,  P e r e g o  M ,  G a b r i l o v i c h  D .  M y e l o i d - d e r i v e d  23  

s u p p r e s s o r  c e l l s  c o m i n g  o f  a g e  r e v i e w - a r t i c l e .  N a t  24  

I m m u n o l .  N a t u r e  P u b l i s h i n g  G r o u p ;  2 0 1 8 .  p .  1 0 8 – 1 9 .   25  
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1 1 .  C o r z o  C A ,  C o n d a m i n e  T ,  L u  L ,  C o t t e r  M J ,  Y o u n  J I ,  1  

C h e n g  P ,  e t  a l .  H I F - 1 α  r e g u l a t e s  f u n c t i o n  a n d  2  

d i f f e r e n t i a t i o n  o f  m y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l s  i n  t h e  3  

t u m o r  m i c r o e n v i r o n m e n t .  J o u r n a l  o f  E x p e r i m e n t a l  4  

M e d i c i n e .  2 0 1 0 ; 2 0 7 : 2 4 3 9 – 5 3 .   5  

1 2 .  K o h  J ,  H u r  J Y ,  L e e  K Y ,  K i m  M S ,  H e o  J Y ,  K u  B M ,  e t  a l .  6  

R e g u l a t o r y  ( F o x P 3 + )  T  c e l l s  a n d  T G F - β  p r e d i c t  t h e  7  

r e s p o n s e  t o  a n t i - P D - 1  i m m u n o t h e r a p y  i n  p a t i e n t s  w i t h  8  

n o n - s m a l l  c e l l  l u n g  c a n c e r .  S c i  R e p .  2 0 2 0 ; 1 0 .   9  

1 3 .  F i l i p a z z i  P ,  V a l e n t i  R ,  H u b e r  V ,  P i l l a  L ,  C a n e s e  P ,  I e r o  10  

M ,  e t  a l .  I d e n t i f i c a t i o n  o f  a  n e w  s u b s e t  o f  m y e l o i d  11  

s u p p r e s s o r  c e l l s  i n  p e r i p h e r a l  b l o o d  o f  m e l a n o m a  p a t i e n t s  12  

w i t h  m o d u l a t i o n  b y  a  g r a n u l o c y t e - m a c r o p h a g e  13  

c o l o n y - s t i m u l a t i o n  f a c t o r - b a s e d  a n t i t u m o r  v a c c i n e .  14  

J o u r n a l  o f  C l i n i c a l  O n c o l o g y .  2 0 0 7 ; 2 5 : 2 5 4 6 – 5 3 .   15  

1 4 .  C o l e  K E ,  L y  Q P,  H o l l i n g s w o r t h  M A ,  C o x  J L ,  P a d u s s i s  16  

J C ,  F o s t e r  J M ,  e t  a l .  H u m a n  s p l e n i c  m y e l o i d  d e r i v e d  17  

s u p p r e s s o r  c e l l s :  P h e n o t y p i c  a n d  c l u s t e r i n g  a n a l y s i s .  C e l l  18  

I m m u n o l .  2 0 2 1 ; 3 6 3 .   19  

1 5 .  N e f e d o v a  Y ,  F i s h m a n  M ,  S h e r m a n  S ,  W a n g  X ,  B e g  A A ,  20  

G a b r i l o v i c h  D I .  M e c h a n i s m  o f  a l l - t r a n s  r e t i n o i c  a c i d  21  

e f f e c t  o n  t u m o r - a s s o c i a t e d  m y e l o i d - d e r i v e d  s u p p r e s s o r  22  

c e l l s .  C a n c e r  R e s .  2 0 0 7 ; 6 7 : 1 1 0 2 1 – 8 .   23  

1 6 .  K o d u m u d i  K N ,  W o a n  K ,  G i l v a r y  D L ,  S a h a k i a n  E ,  W e i  S ,  24  

D j e u  J Y .  A  n o v e l  c h e m o i m m u n o m o d u l a t i n g  p r o p e r t y  o f  25  
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d o c e t a x e l :  S u p p r e s s i o n  o f  m y e l o i d - d e r i v e d  s u p p r e s s o r  1  

c e l l s  i n  t u m o r  b e a r e r s .  C l i n i c a l  C a n c e r  R e s e a r c h .  2  

2 0 1 0 ; 1 6 : 4 5 8 3 – 9 4 .   3  

1 7 .  D i a z - M o n t e r o  C M ,  S a l e m  M L ,  N i s h i m u r a  M I ,  4  

G a r r e t t - M a y e r  E ,  C o l e  D J ,  M o n t e r o  A J .  I n c r e a s e d  5  

c i r c u l a t i n g  m y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l s  c o r r e l a t e  6  

w i t h  c l i n i c a l  c a n c e r  s t a g e ,  m e t a s t a t i c  t u m o r  b u r d e n ,  a n d  7  

d o x o r u b i c i n - c y c l o p h o s p h a m i d e  c h e m o t h e r a p y .  C a n c e r  8  

I m m u n o l o g y ,  I m m u n o t h e r a p y .  2 0 0 9 ; 5 8 : 4 9 – 5 9 .   9  

1 8 .  N e s t o r o w a  S ,  H a m e y  F K ,  S a l a  B P,  D i a m a n t i  E ,  10  

S h e p h e r d  M ,  L a u r e n t i  E ,  e t  a l .  P l e n a r y  P a p e r  11  

H E M A T O P O I E S I S  A N D  S T E M  C E L L S  e - B l o o d  A  s i n g l e - c e l l  12  

r e s o l u t i o n  m a p  o f  m o u s e  h e m a t o p o i e t i c  s t e m  a n d  13  

p r o g e n i t o r  c e l l  d i f f e r e n t i a t i o n .  2 0 1 6 ;  A v a i l a b l e  f r o m :  14  

h t t p s : / / w w w . r - p r o j e c t . o r g  15  

1 9 .  H a f e m e i s t e r  C ,  S a t i j a  R .  N o r m a l i z a t i o n  a n d  v a r i a n c e  16  

s t a b i l i z a t i o n  o f  s i n g l e - c e l l  R N A - s e q  d a t a  u s i n g  17  

r e g u l a r i z e d  n e g a t i v e  b i n o m i a l  r e g r e s s i o n .  A v a i l a b l e  f r o m :  18  

h t t p s : / / d o i . o r g / 1 0 . 1 1 0 1 / 5 7 6 8 2 7  19  

2 0 .  M c G i n n i s  C S ,  M u r r o w  L M ,  G a r t n e r  Z J .  D o u b l e t F i n d e r :  20  

D o u b l e t  D e t e c t i o n  i n  S i n g l e - C e l l  R N A  S e q u e n c i n g  D a t a  21  

U s i n g  A r t i f i c i a l  N e a r e s t  N e i g h b o r s .  C e l l  S y s t .  22  

2 0 1 9 ; 8 : 3 2 9 - 3 3 7 . e 4 .   23  

2 1 .  B r o w a e y s  R ,  S a e l e n s  W ,  S a e y s  Y .  N i c h e N e t :  m o d e l i n g  24  

i n t e r c e l l u l a r  c o m m u n i c a t i o n  b y  l i n k i n g  l i g a n d s  t o  t a r g e t  25  
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g e n e s .  N a t  M e t h o d s  [ I n t e r n e t ] .  2 0 2 0 ; 1 7 : 1 5 9 – 6 2 .  A v a i l a b l e  1  

f r o m :  h t t p : / / d x . d o i . o r g / 1 0 . 1 0 3 8 / s 4 1 5 9 2 - 0 1 9 - 0 6 6 7 - 5  2  

2 2 .  Z h o u  Y ,  Z h o u  B ,  P a c h e  L ,  C h a n g  M ,  K h o d a b a k h s h i  A H ,  3  

T a n a s e i c h u k  O ,  e t  a l .  M e t a s c a p e  p r o v i d e s  a  4  

b i o l o g i s t - o r i e n t e d  r e s o u r c e  f o r  t h e  a n a l y s i s  o f  5  

s y s t e m s - l e v e l  d a t a s e t s .  N a t  C o m m u n  [ I n t e r n e t ] .  2 0 1 9 ; 1 0 .  6  

A v a i l a b l e  f r o m :  7  

h t t p : / / d x . d o i . o r g / 1 0 . 1 0 3 8 / s 4 1 4 6 7 - 0 1 9 - 0 9 2 3 4 - 6  8  

2 3 .  S u b r a m a n i a n  A ,  T a m a y o  P ,  M o o t h a  V K ,  M u k h e r j e e  S ,  9  

E b e r t  B L ,  G i l l e t t e  M A ,  e t  a l .  G e n e  s e t  e n r i c h m e n t  10  

a n a l y s i s :  A  k n o w l e d g e - b a s e d  a p p r o a c h  f o r  i n t e r p r e t i n g  11  

g e n o m e - w i d e  e x p r e s s i o n  p r o f i l e s .  P r o c  N a t l  A c a d  S c i  U  S  12  

A .  2 0 0 5 ; 1 0 2 : 1 5 5 4 5 – 5 0 .   13  

2 4 .  T a n g  Z ,  K a n g  B ,  L i  C ,  C h e n  T ,  Z h a n g  Z .  G E P I A 2 :  a n  14  

e n h a n c e d  w e b  s e r v e r  f o r  l a r g e - s c a l e  e x p r e s s i o n  p r o f i l i n g  15  

a n d  i n t e r a c t i v e  a n a l y s i s .  N u c l e i c  A c i d s  R e s .  16  

2 0 1 9 ; 4 7 : W 5 5 6 – 6 0 .   17  

2 5 .  A l s h e t a i w i  H ,  P e r v o l a r a k i s  N ,  M c i n t y r e  L L ,  M a  D ,  18  

R a t h  J A ,  N e e  K ,  e t  a l .  D e f i n i n g  t h e  e m e r g e n c e  o f  19  

m y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l s  i n  b r e a s t  c a n c e r  u s i n g  20  

s i n g l e - c e l l  t r a n s c r i p t o m i c s .  S c i  I m m u n o l .  21  

2 0 2 0 ; 5 : e a a y 6 0 1 7 .   22  

2 6 .  V e g l i a  F ,  S a n s e v i e r o  E ,  G a b r i l o v i c h  D I .  23  

M y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l s  i n  t h e  e r a  o f  i n c r e a s i n g  24  

m y e l o i d  c e l l  d i v e r s i t y .  N a t  R e v  I m m u n o l  [ I n t e r n e t ] .  25  
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2 0 2 1 ; 2 1 : 4 8 5 – 9 8 .  A v a i l a b l e  f r o m :  1  

h t t p : / / d x . d o i . o r g / 1 0 . 1 0 3 8 / s 4 1 5 7 7 - 0 2 0 - 0 0 4 9 0 - y  2  

2 7 .  O b r a d o v i c  A ,  G r a v e s  D ,  K o r r e r  M ,  W a n g  Y ,  R o y  S ,  3  

N a v e e d  A ,  e t  a l .  I m m u n o s t i m u l a t o r y  C a n c e r - A s s o c i a t e d  4  

F i b r o b l a s t  S u b p o p u l a t i o n s  C a n  P r e d i c t  I m m u n o t h e r a p y  5  

R e s p o n s e  i n  H e a d  a n d  N e c k  C a n c e r .  C l i n i c a l  C a n c e r  6  

R e s e a r c h .  2 0 2 2 ; 2 8 : 2 0 9 4 – 1 0 9 .   7  

2 8 .  T o g a s h i  Y ,  S h i t a r a  K ,  N i s h i k a w a  H .  R e g u l a t o r y  T  c e l l s  8  

i n  c a n c e r  i m m u n o s u p p r e s s i o n  —  i m p l i c a t i o n s  f o r  9  

a n t i c a n c e r  t h e r a p y .  N a t  R e v  C l i n  O n c o l  [ I n t e r n e t ] .  10  

2 0 1 9 ; 1 6 : 3 5 6 – 7 1 .  A v a i l a b l e  f r o m :  11  

h t t p : / / d x . d o i . o r g / 1 0 . 1 0 3 8 / s 4 1 5 7 1 - 0 1 9 - 0 1 7 5 - 7  12  

2 9 .  K u m a r  V ,  R a m n a r a y a n a n  K ,  S u n d a r  R ,  P a d m a n a b h a n  N ,  13  

S r i v a s t a v a  S ,  K o i w a  M ,  e t  a l .  S i n g l e - C e l l  A t l a s  o f  L i n e a g e  14  

S t a t e s ,  T u m o r  M i c r o e n v i r o n m e n t ,  a n d  S u b t y p e - S p e c i f i c  15  

E x p r e s s i o n  P r o g r a m s  i n  G a s t r i c  C a n c e r .  C a n c e r  D i s c o v .  16  

2 0 2 2 ; 1 2 : 6 7 0 – 9 1 .   17  

3 0 .  L e e  H O ,  H o n g  Y ,  E t l i o g l u  H E ,  C h o  Y B ,  P o m e l l a  V ,  V a n  18  

d e n  B o s c h  B ,  e t  a l .  L i n e a g e - d e p e n d e n t  g e n e  e x p r e s s i o n  19  

p r o g r a m s  i n f l u e n c e  t h e  i m m u n e  l a n d s c a p e  o f  c o l o r e c t a l  20  

c a n c e r .  N a t  G e n e t  [ I n t e r n e t ] .  2 0 2 0 ; 5 2 : 5 9 4 – 6 0 3 .  A v a i l a b l e  21  

f r o m :  h t t p : / / d x . d o i . o r g / 1 0 . 1 0 3 8 / s 4 1 5 8 8 - 0 2 0 - 0 6 3 6 - z  22  

3 1 .  M y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l s  i n  g a s t r o i n t e s t i n a l  23  

c a n c e r s .   24  

3 2 .  X i a o  F ,  D a i  Y ,  H u  Y ,  L u  M ,  D a i  Q .  E x p r e s s i o n  p r o f i l e  25  
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a n a l y s i s  i d e n t i f i e s  I E R 3  t o  p r e d i c t  o v e r a l l  s u r v i v a l  a n d  1  

p r o m o t e  l y m p h  n o d e  m e t a s t a s i s  i n  t o n g u e  c a n c e r .  C a n c e r  2  

C e l l  I n t  [ I n t e r n e t ] .  2 0 1 9 ; 1 9 : 1 – 1 2 .  A v a i l a b l e  f r o m :  3  

h t t p s : / / d o i . o r g / 1 0 . 1 1 8 6 / s 1 2 9 3 5 - 0 1 9 - 1 0 2 8 - 2  4  

3 3 .  W i t c h e r  M ,  P e t t e r s s o n  F ,  D u p é r é - r i c h e r  D ,  P a d o v a n i  A ,  5  

S u m m e r s - d e l u c a  L ,  B a l d w i n  A S ,  e t  a l .  R e t i n o i c  a c i d  6  

m o d u l a t e s  c h r o m a t i n  t o  p o t e n t i a t e  t u m o r  n e c r o s i s  f a c t o r  7  

a l p h a  s i g n a l i n g  o n  t h e  D I F 2  p r o m o t e r .  N u c l e i c  A c i d s  R e s .  8  

2 0 0 8 ; 3 6 : 4 3 5 – 4 3 .   9  

3 4 .  O s t r a n d - R o s e n b e r g  S ,  S i n h a  P ,  B e u r y  D W ,  C l e m e n t s  V K .  10  

C r o s s - t a l k  b e t w e e n  m y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l s  11  

( M D S C ) ,  m a c r o p h a g e s ,  a n d  d e n d r i t i c  c e l l s  e n h a n c e s  12  

t u m o r - i n d u c e d  i m m u n e  s u p p r e s s i o n .  S e m i n  C a n c e r  B i o l .  13  

2 0 1 2 .  p .  2 7 5 – 8 1 .   14  

3 5 .  W e b e r  R ,  F l e m i n g  V ,  H u  X ,  N a g i b i n  V ,  G r o t h  C ,  A l t e v o g t  15  

P ,  e t  a l .  M y e l o i d - d e r i v e d  s u p p r e s s o r  c e l l s  h i n d e r  t h e  16  

a n t i - c a n c e r  a c t i v i t y  o f  i m m u n e  c h e c k p o i n t  i n h i b i t o r s .  17  

F r o n t  I m m u n o l .  F r o n t i e r s  M e d i a  S . A . ;  2 0 1 8 .   18  

3 6 .  K i m  W ,  C h u  T H ,  N i e n h ü s e r  H ,  J i a n g  Z ,  D e l  P o r t i l l o  A ,  19  

R e m o t t i  H E ,  e t  a l .  P D - 1  S i g n a l i n g  P r o m o t e s  20  

T u m o r - I n f i l t r a t i n g  M y e l o i d - D e r i v e d  S u p p r e s s o r  C e l l s  a n d  21  

G a s t r i c  T u m o r i g e n e s i s  i n  M i c e .  G a s t r o e n t e r o l o g y .  22  

2 0 2 1 ; 1 6 0 : 7 8 1 – 9 6 .   23  

3 7 .  O l i v e i r a  G ,  S t r o m h a u g  K ,  K l a e g e r  S ,  K u l a  T ,  F r e d e r i c k  24  

D T ,  L e  P M ,  e t  a l .  P h e n o t y p e ,  s p e c i f i c i t y  a n d  a v i d i t y  o f  25  
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a n t i t u m o u r  C D 8 +  T  c e l l s  i n  m e l a n o m a .  N a t u r e  [ I n t e r n e t ] .  1  

2 0 2 1 ; 5 9 6 : 1 1 9 – 2 5 .  A v a i l a b l e  f r o m :  2  

h t t p : / / d x . d o i . o r g / 1 0 . 1 0 3 8 / s 4 1 5 8 6 - 0 2 1 - 0 3 7 0 4 - y  3  

3 8 .  A t t i g  S ,  H e n n e n l o t t e r  J ,  P a w e l e c  G ,  K l e i n  G ,  K o c h  S D ,  4  

P i r c h e r  H ,  e t  a l .  S i m u l t a n e o u s  i n f i l t r a t i o n  o f  5  

p o l y f u n c t i o n a l  e f f e c t o r  a n d  s u p p r e s s o r  T  c e l l s  i n t o  r e n a l  6  

c e l l  c a r c i n o m a s .  C a n c e r  R e s .  2 0 0 9 ; 6 9 : 8 4 1 2 – 9 .   7  

3 9 .  M i l l e r  B C ,  S e n  D R ,  A l  A b o s y  R ,  B i  K ,  V i r k u d  Y  V . ,  8  
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