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5 i SO SRS R - 3 (STAT3) 3 #% 1Y I 5 AL . 407 GSE 184880 FL4H A )7 A dli 5, #3578 T CLECT7A k3R
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CLEC7A A1 PD-L1 7€ HGSOC Hl OCCC J& Xf i 1) 9 553 4 2L (19 6 35 K - #9#E CLECTA 98 & ¢ RNA (shRNA ) 2
i, # CLECT7A #I41/5 HGSOC 40 s g8 AR 1- 1 A8 fb . 78 CLECTA =35 1/ BUMIR S AL 0S4 2R G 2 410 il
4ifis (MDSC ). CD8'T 4Hf i Lb il LA Je MDSC DI fEAE b, &R Hest i M dr iR, SCRHES H P3 (FOXP3)
5 CLECTA X e M L AR 25 EFH, CLECTA U5 B3 BRAETERME, W7E HGSOC Mg 4 h 2 3l
#ik (¥ P <0.05), WAl CLECTA J5, AUEDETAMEIAT:, @& T HGSOC AU R RN AMEFE (3 P < 0.05 ),
CLEC7A i@t JAK/STAT3 {5518 B 2 P AL T- e AR -1 (PD-L1) FER3E . £ CLECTA BB MEALh, cD8'T
0 A Y LR [, MIDSC R He i BT, H O MDSC i D REAR B R (3 P < 0.05), £5i® HGSOC 1 CLECTA S T
PD-L1 W3Rk, HAEHE T HGSOC MR 5E 5 e M il {5 58 B s , TR 30 HGSOC HE MK
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[ Abstract] Objective To elucidate the role of C-type lectin domain family 7 member A ( CLEC7A ) in high-grade serous
ovarian carcinoma ( HGSOC ) and its underlying mechanisms. Methods Using the Cancer Genome Atlas-Ovarian Cancer ( CGA-
OV ) dataset, combined with transcriptional regulatory network analysis and master regulator analysis ( MRA ), the impact of
CLEC7A on immune-related genes in HGSOC was determined. Pathway enrichment analysis and validation identified the regulatory
mechanism of CLEC7A on the Janus Kinase ( JAK ) /signal transducer and activator of transcription 3 ( STAT3 ) pathway. The
GSE184880 single-cell sequencing dataset was analyzed to reveal differences in immune cell proportions and cellular communication
between CLEC7A low-expression and high-expression HGSOC tumors. Paraffin-embedded tumor tissues and corresponding adjacent
tissues, along with clinicopathological data, were collected from 70 HGSOC and 70 ovarian clear cell carcinoma ( OCCC ) patients
diagnosed and surgically treated at the First Affiliated Hospital of the University of Science and Technology of China/Anhui Provincial
Hospital between January 2017 and December 2022. Differences in prognostic factors between HGSOC and OCCC were compared.
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Immunohistochemical staining was used to detect the expression levels of CLEC7A and PD-L1 in HGSOC, OCCC, and corresponding
adjacent tissues. A short hairpin RNA ( shRNA ) vector targeting CLEC7A was constructed to assess changes in the proliferation and
apoptosis of HGSOC cells both after CLEC7A inhibition. In a mouse tumor model with high CLEC7A expression, the proportion of
myeloid-derived suppressor cells ( MDSCs ) and CD8'T cells, as well as the functional changes of MDSCs, were observed. Results
Transcriptional regulatory network analysis revealed that forkhead box protein P3 ( FOXP3 ) and CLEC7A both regulate immune-
related genes. CLEC7A was not only correlated with overall patient survival but also highly expressed in HGSOC tumor tissues ( all P <
0.05) . Knockdown of CLEC7A promoted apoptosis and inhibited the proliferation of HGSOC cell lines both in vitro and in vivo ( all
P <0.05) . CLEC7A regulated the expression of programmed death ligand-1 ( PD-L1 ) through the JAK/STAT3 signaling pathway.
In CLEC7A high-expressing tumor tissues, the proportion of CD8'T cells decreased, while the proportion of MDSCs increased, and
the functionality of MDSCs was enhanced (all P < 0.05) . Conclusion CLEC7A induces PD-L1 expression in HGSOC, promotes
HGSOC proliferation, and activates immunosuppressive signaling pathways, potentially leading to the malignant growth of HGSOC.

[ Key words] CLEC7A; High-grade serous ovarian carcinoma; PD-L1; JAK/STAT3 pathway; Tumor immunity

155 2 ) 0w M e ( high-grade serous ovarian
carcinoma, HGSOC ) /2B 5196 b & WL HAR 28 1
B AR, AR RIRHRRLZN (2~3) /100 000, 5
AERAE AR L 50%, o5 AT B S SR 70% .
BT RN 2, 29 70% [ 5 TERf 2t
T T, SRTER 2z, Ei T AR
RIT SRR EIATT FBL, HGSOC I 5 A7 3R
IR T 50% . UTAFk, ek A il an e e
PEFE T Z AR -1/ B )P HEAE T B K -1 ( programmed
death-1/programmed death ligand-1, PD-1/PD-L1 )
S 7R 7 22 R SRR R R P AL, HAE HGSOC
o N RSCR A RN PR R T, okl
PD-1/PD-L1 #Ml3174Y7 HGSOC 1975 W LR RN ZY
10%~15% R FRAYT T HE S HGSOC 1Y
A . PD-L1 FIk7KF- LUK g 58748 1 faf S R R
A, WAAAMIR BN, JRER ADP- BHERG
fify ( poly ADP-ribose polymerase, PARP) MG
S7 AT LLE R TR B A (stimulator of
interferon genes, STING ) ¥4/l PD-L1 ¥ 3 ik, {H
SEE R BB IRST 0 SO PEA AN BRAR LA
eI

CLECTA T2 RIX T H MR, B 5K 4i
LR v A 200 L 4 e g A R R T, Y S A
ShaJa, naE I N R 2 R I IR O AR
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ITAM) 38 45 N I 45 45 38 6 09 006 0, R,
CLECTA 7 iy 2 Hh i) 2k K - 5 ety 2 1]
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FH, IFLAIm R bR A S e H 2k 2 e 8, (e 24k )
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PRERE, 3185 PD-1/PD-L1 JEPAHE LA, [H]
PRI AH DG IE ], JF T RTN R4 8 L T4
SEVREM 4, 17 EEE R F4081 (master regulator
analysis, MRA ) 5 ¥ %f PD-1/PD-L1 A 3¢ 3 [K] 1
JEEERE VAT HER , PR RedeR 142017 W 2% n]
Ak
1.1.2 Ao 515 5

TCGA- B B 95 (ovarian cancer, OV ) % ¥ 4
T, trUEfL AR o survival Fil survminer
AT CLECTA . XSKHER 1 P3 (forkhead Box
P3, FOXP3) [FRBX SMERAELERIIEM . TCCA-
OV ] RNA-seq £l 7E42UE HGSOC SBH R B,
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(#LFF5: 2025-BLK-03 ), H A Ak H XA
W5 FE T8 Mg R
1.2.2 RN IR B S5 RN B L7 B A i b
CLECT7A 1 PD-L1 ik i) fe 2l 234k 22 gL

A1 B FR A DL 10% rhovk WP [ e, s
Ph 4 wm JEiEZEY] f, K H En Vision P 25 % 44
o, 5B A — 3t CLECTA ( 3£ [® Cell Signaling
Technology A F] ). —¥t. 3, 3'- & FEPARME (3,
3'-diaminobenzidine, DAB) {4, 70 K455 UL 40
Mit% . K Autostainer Link 48 2 [ 36 f 328 2H fb YL
AL (SEE Agilent 4 H] ) Kzl PD-L1 iRk, —
Pt PD-L1 W9 H 3 [H Agilent 237,

PR ARAE: CLECTA BHPERR & (0 3222 6 T4
WOAZ 7%, KR A0 2 €6 5 R R BH 14 A AR 43 L
AR RETITSr, 0~2 4 A ARRIL, 3~5 0 AR
ik, 64 M UL AE IR, PD-L1 SR A BHYE TR
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SR AL (AT Au] i B ) 4 M PR Sl 4 A B e £ ) S FH
P PR ECL 200 6L 5 I A 5 8 0 200 o o s 240
Mgt ) (5T ISR AR H A b, A5 AR
FH 0~100 3R o RRRSCE B E R BHPEXT R
1.3 RS AHRSC T
1.3.1  4iffisrdH 58557

A HGSOC 4ififs 2 OVCAR-3 Il [ AL 5T BRI 4 iy
BRI, AR AE RN, A 10 AR,

BE R AR 37 CCHETR. 5%CO, MIRIE s, R
DMEM J %8 il 10% fifi 4 1l ¥ (fetal bovine serum,
FBS ). ZIRESIETIRH, Scramble, CLECTA shRNA
AR H 22 Sigma A ], OVCAR-3 2153 R %f
MEZH (CON ). misi4l (CLECTA shRNA) 45, 7
B%% Y Seramble, CLECTA shRNA #fk, H418EE
3RICF(E, 48 h 5 K645 41 CLECTA 7R85 1
mRNA K21
132 SEHFEE%E i PCR Al CLEC7A 1) mRNA
LK

SR EGE B PCR (real time quantitative PCR,
RT-qPCR ) VA TriZol 2 ( #2[5 Sigma-Aldrich 2%
H ) B 2% 10° 4~ OVCAR-3 41 g i 47 24 ff, MK
TINA G A NS T RNA 20 B AT sE, $EE0R
RNA, 330 & ( HA TaKaRa A F] ) Sk sg
A DNA, SYBR Jefhik ((H R TaKaRa A 7] )
Kzl mRNA 7KFRy ik, LA GAPDH JEH N2,
35| GAPDH 5 CLECT7A ) CefH )5, fii FH 27 %
X CLECTA BRI ARXS ok i 7 E i, LB R
3, BCOPEE.
1.3.3 SR NI AR CLECTA Ko A 5C3H
I FIERIA

OVCAR-3 41 il {if F RIPA %4 fift i 54 4% i 1 £
ML K. — Pt 4 3 8 GAPDH ( 3€ [H Cell Signaling
Technology /A 7] ), CLEC7A ( 3 [E Abcam 23 ] ),
fig A R (janus kinase, JAK, JE[E Cell Signaling
Technology 7~ 7] ). B2t (p) -JAK ( 32 [ Cell
Signaling Technology 28l ). {5 5 % T Mo ' st ¥ i
[l 3 (signal transducer and activator of transcription
3, STAT3, & [H Cell Signaling Technology 23 ] ).
p-STAT3 ( JE[H Cell Signaling Technology 23] ), LA
GAPDH ANZ:, #EATEHARER .
1.3.4  ZAEIEFH A 150

R MG A S SR CCK-8 & ( H AR Ak
FHEFERT ), 7E OVCAR-3 4ififd . 4358 E CON
Xt B8 41 Fl CLECTA-shRNA 41, &4k 48 h, il A
1710 B CCK-8 G, MEFR{XAE 450 nm P T
WEROCIE . RS RO EEME S 0 h I9IOE
JEMEARLE, THAETHAE AL

YA T S0 SR HBEER A V ( Annexin V) -
HEEEEA ( allophycocyanin, APC ) / filt £k, P9 g
( propidium iodide, PI) RUYeik ( R =HiAEW A
Al ), SRR AR MU e T . RN A
KA T, 4% Annexin V APC FHPEARAEE X
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JC-10 YefayE (32 E ABP Biosciences 2N H] ) 4t
O, SR AR UL Bk T, 1l A
AR FLL G . FL2 s, 6 FL2 BHM: 40
e SCAIGANNE, FL2 BITEANIEE P T4 .
1.3.5 4K PD-L1 Y3RIA

PD-L1 i =X 40 Jig & 0 $t 1k W B € B BD
Biosciences 2~ F, STAT3 #1Jl i 57 Stattic W4 [ &
Selleckchem 23 &), K OVCAR-3 4i Jf1 43 & CON 41
(X4 ) M1 CLECTA 4 (2384 ), FForilik gy
CON ( % # () EGFP-pCDH-CMV-MCS-EF1-Puro-
3xFlag #fA& ) 5 CLECTA i #ikgkik (EmEEYA
FTT, B4R EGFP-pCDH-CMV-MCS-EF1-
Puro-3xFlag # {4 ), #% 4% 48 h. CLECT7A 4fl i H]
1.0 x 10” mol/L [y Stattic b3 24 h. L2 Ky B
MR, ARic PD-L1 PE Fiik. o i =4 afd
K CON 2, CLEC7A 4 1 CLEC7A+Stattic ZH 4f
MU PD-L1 fy3Ri5. SLHREE 3k, BOFHE.
1.4 /DREELE

/N B 9 S 36 i B FR o E R 2R B R R 2 (e B
Ze it (S 202407111005000167828 ).

BRI [ b 5 48 ) A S50 S W R A R 2
A, BIOMMENE, 6~8 Fly, IABTE N 18~22 ¢, 41
Jj CON 4 5 CLEC7A shRNA 4, & 405 H. #
OVCAR-3 40153}y CON #H ( %FHEZH ) il CLECTA
shRNA 4] ( SZ564H ), R #R B2 CON 4l fn
CLEC7A shRNA 4, &40 5 2, CON 44 H/NR
3 1% 10" 4~ CON ZH 40 ffE, CLEC7A shRNA ZH/)s
B H/NEEST 1 x 1074~ CLECTA shRNA 4141,
HEFHRA A MTEEBE T S 21 d )5, &R

ANER, T 2 Z/INERE PR AR R N, TR
KK V= LW72, Hrb VAR (AR mm’),
LA MR A A (B0 mm ), Wb IR 1 T
KAEMER (HAH mm ),

BALB/c /N R W 1 A 5 4 3 1) 42 5256 3l ) £
ARABRAT], BALB/e /N B, Ja % A4 i i
fBR Rl B B, #F OVCAR-3 40 Jifd A1 BALB/c /N B
4y} CON ZH il CLECTA 40 ( SEER4H ), H4H4 5
H, CON 24 H/NRESE 1 x 104> CON 2H 40 i,
CLEC7A 4/ R & H/NEE S 1 x 1074~ CLECTA
AN, TR AT HE T 21 d J5 &R
Fe/NE, WCEEIR AL MR, JEIEA A e, —
FRAF 4 MIARIC CD11b-FITC., Gr-1-PE, Jf¥ CD11b
A1 Gr-1 WUHYEZ0 B A MDSC 40, 55— &8 545

it CD3-PE-Cy7. CD4-APC-Cy7 F1 CD8-APC ( L) I
PR W 55 BioLegend A ] ), FfK+ CD3 Fil
CD8 XU PHYE H. CD4 B ) 41 i /5 >4 CDS'T 41 i,
Hb# CON 211 CLEC7A #4122 8] MDSC L& CD8* T
A R 25 5

VEHU BALB/c /INBR, 7521 /) BRI 5040 il A2
J&, FRid CD3 H e 2 T 4, [R5 B
f5%] CON 441 CLECTA 4 #4988 iy MDSC, ¥
MDSC 5 TR A, ALK N 2.5 x 107 mol/L
() 2 5 92 't 2 B A E W2 % 155 ( carboxyfluorescein
succinimidyl ester, CFSE) Z¢ 8} ( 3¢ [& Thermo 2
Al o BRGS0 A IR T S A B CD28 Bk
Bk, 72 hE, ARSI CFSE 2¢
R, DA Z PUAI B 40 e xR, R
CD28 Hrikfiligal ( RIEA MDSC ), CON 4 (CON
21 MDSC 5 T 40 f & &5 ). CLEC7A 41 (CLEC7A
20 MDSC 5 T 4 iR & ) 85 /9 T 41 il Lk 41,
YA 3R, AERBCEIE.
1.5 Git¥hk

i JHI R 4.3.3 (2024-02-29 uert ), %R 2
Shapiro-Wilk £ 52 ¥ 5 & IE& 0, Dix £ s8R,
P STREAR B LRI « K006, 40 LR A
255707, LRI LA T LSD-¢ A, AH DG 53
Ml Pearson AT A7 Bl PR &R
Cox 43T XU P < 0.05 h2EF AL H¥5 X,

2 & B

2.1 HRIEML S E CLECTA HEEFIHK
Wk SPELE 5 PD-1/PD-L1 #HCHERA

B SR M 2% 3 s, HGSOC %58 Hofth B 1
FE AL (4 OCCC) HA T i L W ges oy I R 1A 1
(breast cancer susceptibility gene 1, BRCA1) & 4% i
R (E1A), HGSOC WHAF T 0CcCC, HHAH
f= 1 PD-L1 2% 35 7K °F- ( &l 1B). HGSOC E’J 54
FE% K 25%, 1 OCCC 1Y 5 4F A A7 R W 55 38 70%
HGSOC Al 0CCC %%E’Jiﬁ“/\%‘ujﬁ (56.12+12.45)
B (5569 +11.64) %, IGIKIHISHI0 2.26 £1.32
F216+141, M Z 2K (estrogen receptor, ER)
523K 2K (progesterone receptor, PR) Z [t (FH
R, BIER 0) 43518 0.38 +0.13 F10.52£0.24,
K1—67 MR (61.51+21.15) %A1 (26.16 +23.64) %,

SRRk (BERN1, NEEN 053510 0.57£0.16
7FH012+008 R AR (3.12+1.23) em’ Al
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(1.63+1.28 ) em’s FEMY2E57E T BRCA1 L%
AR PD-L1 kK-,

E— 58 1 3 B TCGA-OV i 8, FKW1E
PD-1/PD-L1 A H K 1, FOXP3 5 CLEC7A X}

CLECTA Rk (1K 1E), H CLECT7A fE3t
TR A TP RA TR (L 1G), 1 FOXP3 5##
SRR (F1F), HAEEFSETR
BERREBTZES (E H), REdsbsge

PEMIFER BA R EE S (K 1C), MRA 4
FHW] T FOXP3 5 CLECTA 2 EA WA HE 3L H
(1D ), CLECTA &£k EBE DR EFRET

ZE R UESE T #2351 CLECTA =24 oE g
i, B TARERIE R L (F 1),

A 30 B 81 C PD-1/PD-L1
k% . related genes
6 P~ =m
- . * \ — —
o %,L_ - i FOXP3 . BLEC7A immune genes
;ﬁ- ie Forry, S\EiECTs 0 —,3
= = 4 :
2 & %
P -
104 =
) ®
2
0- 04
HGSOC 0CCC HGSOC OCCC
CLEC7A FOXP3
D — E F
TEEEA R Strata = Low expression = High expression . Strata — Low expression = High expression
Regulon  Regulon Size Expected Hits Observed Hits Pvalue Adjusted Pvalue = 1.00- Z 1.00-
Z o075 E075
CLECTA 148 16.5 34 0.0028 0.016 [0 1) S . W Y _go_go
A E025 pogooort F025° pogo9n
o " - - o o 5 000- 0 20 40 60 80 50 0 20 40 60 80
. 7 7
MYC 412 1231 22 0.042 0.23 Time ( Months ) Time ( Months )
STAT3 123 5.11 14 0.079 0.41 Number at risk: n (%) Number at risk: n (%)
£ ~39010) 32(82) 18(46) 7018) 1(3) F %010 28(78) 10028) 2(6) 00)
HIF1A 32 241 18 023 0.56 £ =5 (100) 19(87) 15(33) 1(2) 0(0) ,,:1 48(100) a(0) 23(48) 6(12) 102)
0 20 40 60 80 0 20 . A0 60 80
LAG3 129 6.01 10 0.37 0.82 Time ( Months ) Time ( Months )
5 , Number of censoring = | Number of censoring
El \ i g | [ I{41 IR
0 20 a0 60 80 =0 20 40 60 80
Time ( Months ) Time ( Months )
G CLEC7A H FOXP3 I
ns
20 154 20+
S $ork
#k o
g k) NON HGSOC
= 154 - 2 ¥4 75 154 -
5] £ 10 S5 4 e
a * : 5
5] 7
5104 .. S = 104
o z -
= =}
= S 54 ©
= 5}
S 5+ I~ 54
m 100, v
s s A .
0- 0= 200x 200x 0-
Alive Dead Alive  Dead NON HGSOC

TE: A RO P O S A R S W AR s b, FLIVR S S ) BRCAT SRS 25575 B S DN e B0
PEOR S AN G0 S B M A, PD-L1 Al 28U 2 e (5 LR R A e 2 L (P <0.001) 5 C NTE TCGA-OV %iffi
Berb, S0E T R ON AL TP G195 5 A R O L0 T A 22 S AR D, el T SRR I 8 A0 AT A TR A BB AR DGR [
(9 PD-1/PD-L1 E B$AH CHE R s D Wl MRA S35 X S e A OCHE IR (0 0 35 BE D EATHER s B F 9 7E TCGA-OV $idla i,
CLECTA ., FOXP3 JEPNRIK/RV-5 B2 BREASR Z A ASEHE; G H W7E TCGA-OV $dlifirh, CLECTA ERTER: 125
SRy A AEAFFIBET (Y B 2 (] A 22 57, FOXP3 BEIRITERE NS5 Jm AR AP FIBE T B 2 (B I b 22 5 1 o2 4L (En
Vision B8 ) #3070 61 HGSOC S3F 17 214U CLECTA fE& /K FRYFE, NON s IEw4141; 4lnl ik,
ns P >0.05, **P<0.01, ***P <0.001,

1 HREEMESINHE CLECTA AL REEINEEFS PD-1/PD-L1 HHXHEE
Figure 1 Transcriptional regulatory network analysis identifies CLEC7A as a gene associated with PD-1/PD-L1 in HGSOC
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2.2 CLECT7A R 5 2 Vi 1tk 50 5198 40 ffa g 3%
PE, WA

B 5 A T HAT CLECTA R AE /119 CLEC7A
shRNA( [¥] 2A ), RT-qPCR 4553575, CLEC7A shRNA
I CLEC7A mRNA ZK-F- 1933k (& 2B ). mifik
CLECTA % ik J5, OVCAR-3 4 Jfd ¥4 = 5 fin ( &
2C), JC-10 YefaiFs:, CLECTA RifiRflid hiihikiz
AT (& 2D ), CCK-8 453 W k, CLEC7A
w5 OVCAR-3 (RSN BE T N R (&l 2E ).
BT R 5286 8, CLECTA R {5, OVCAR-3
(iR s AR 132 R (1] 2F ),
2.3 CLEC7A if i JAK/STAT3 & &% 7% PD-L1 %
ix

HGOSC 41 Jifl tf CLECTA B % &b B i [6] 119
FE A F R (& 3A ). 7E TCGA-OV £ #E £
CLECT7A =R iB 4 s R EE A, STAT3 5%
W E AL (EI3B. C). PRI LSRR
CLEC7A R S5, HGOSC 41 it JAK. STAT3 &
FIBERRILIAAG (13D ). ¥E—HM#E T CLECTA i3
FIREAK, I A OVCAR-3 4 i 2+, RT-PCR
FH] CLECTA 7£ mRNA /K i3 T CLECTA 11
Fik (K 3E), mdiffgs s, CLECTA £
IMEHE T OVCAR-3 4l R PD-L1 W3Rk, 1M
fdi 1] STAT3 #1415 Stattic ZbF 48 h J5, OVCAR-3
CLECT7A 4l i) PD-L1 ik T F% ( & 3F ), CCK-8
HEE RN, CLECTA 23235 HGOSC 4 ffd ¥ 5
e i EA (B 3G ). fEd s R e s CLECTA
5 PD-L1 ZEE H A ARG (8 3H ),
2.4 EHHFBAENEE T CLECTA B RIAM
il T SR A3 5E

I TAT A 854 48 78 T CLECT7A % PD-L1 &AM
PEFTVEF, A A PP ) Al A A T A P S0
£ GSE184880 /2~ 4 #in 42 v, CLECTA mRik iy
HGSOC 4141+, CD8'T 4HA iy Hufi R (8] 4A ),
1E BALB/c /NI FEAEIE 1, CLECTA 3 &A1 i
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