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[HZE] =588 %% siHEr (immune checkpoint blockade, ICB)
BN E B (cervical cancer, CC) J&8Y7 A BT S HHAY T RIE, [HLCK
TANEFEE AR S FRICBRITY 8L . i H H-9 (sorting nexin-9, SNX9 )
) B8 2K T3 02 4100 361 6 R 4 2B 3 AH DG R B RS I S 25 11 (thymocyte selection-
associated high mobility group box protein, TOX ) ZZfi# TAIALIIFEE , M TIBHT
20 PLFE IR I SR TR RE 0 VR YT AR R A TR R . Pk, ARBF BT CC
THERES Y SNXO/TOXAR 518 555 CDS" TN AL A S Ayt ks dLhl . 77
iR IRUCESAOYANEAEE S, HA8O kR HCCHEE, 1805k H M Btk 1
JZP9IRZAE (high-grade squamous intraepithelial lesion, HSIL ) i, 1832k H &
HUEH 2R . b, BRI TEARBE ST T AR 1 153 %5 CC R 55 41
21, R BEICSE T RAS CC R E MG R B2 AE . kg 04 . B0 Sk A
FhAF DI RS BR 2= o AR 2 K VDT S DU BS B e B 22 0L 254tk (A dit
20220206 ) . 24 H/NERBEHL P S % BRE G (immunoglobulin G, IgG)
4. Anti-SNX941. Anti-F2JPHEIET-H1-1 ( programmed death-1, PD-1) 410
Anti-SNXO+Anti-PD-140, FFH6H o 45 4143 545 %2 WE I PR 3 P e A i [ 784
XFHRYRYY o il ELISpotkiillCD8" TN M 433 98 YRFE K F--a ( tumor necrosis
factor-o., TNF-a) Fly 42 (interferon-y, IFN-y) BYRE S, KH&E H EI
% (Western blot) . LUK CCAHLITTOXHISNXON KL, HR:
CCHEMANA M AN AN ( peripheral blood mononuclear cell, PBMC ) H
SNX9., TOX mRNA [k 2 & THSILAE# XHE (P<<0.05) ., CCHZ
SNXORIBHPEAMM A . TOX s AU A A e AN 2 B (1=18.63
21.10, P<<0.001) . SNX9FECCH W #is G b/A b . RN 2%
B BIERE . MIHFIGO 7 M M AL ik I 25 A ¢ (P<<0.05) o 5 SNX9
RF R, SNXOEFRIBMACCEEF AR B (P<0.05) . CC
BHMCDS'SNX9" TRy LA W] i e T 1 % BFHSIL AR (P<<0.05) o
CD8'SNX9" THUHI4- WALl F ( TNF-afIIFN-y ) [96E )] 53K T-CD8 SNX9
T4 (P<0.05) . S5Anti-SNXOZHAILL, Anti-SNX9+Anti-PD-141F £ il e
B A KGR VR ISNX9 . TOXEE kgt — Bk (P<0.05) ,
i ZH 2L iR M CDS ™ Tibk L 4 AL A K7 FICD 8™ Ttk [ 24t i 535 T BE K F TNF-a
FIEN-yIRE St — 4/ (P<<0.05) . Z5if: SNXO/TOX{H S #ECCEFE R/
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[ Abstract | Background and purpose: Immune checkpoint blockade (ICB) has become a promising strategy for treating cervical
cancer (CC), but terminal T cell depletion still limits the therapeutic efficacy of ICB. The deletion of sorting nexin-9 (SNX9) can
inhibit thymocyte selection-associated high mobility group box protein (TOX), alleviate T cell exhaustion, and provide new ideas
for preventing T cell exhaustion and enhancing the efficacy of cancer immunotherapy. Therefore, this study aimed to explore the
immune escape mechanism mediated by the depletion of CD8" T cells induced by the SNX9/TOX signaling pathway in the CC
microenvironment. Methods: Fifty-four peripheral blood samples were collected, including 18 from CC patients, 18 from patients
with high-grade squamous intraepithelial lesions (HSIL) and 18 from subjects with normal cervix. In addition, the study collected
153 pairs of CC and adjacent tissues from patients who received operation in our hospital for the first time. Clinicopathological
features, tumor stages, follow-up records and other relevant clinicopathological data of CC patients were obtained from hospital
records. The research was approved by the ethics committee of Changsha Fourth Hospital (approval number: 20220206). A total of
24 mice were randomly assigned to the following four groups: immunoglobulin G (IgG) group, Anti-SNX9 group, Anti-programmed
death-1 (PD-1) group and Anti-SNX9 Anti-PD-1 group, with 6 mice in each group. Each group received intraperitoneal injection of
blocking antibody and isotype control treatment respectively. ELISpot was used to detect the ability of CD8" T cells to secrete tumor
necrosis factor-a (TNF-o)) and interferon-y (IFN-y). The expressions of TOX and SNXO9 in cervical cancer tissues were detected by
western blot and immunohistochemistry. Results: The expressions of SNX9 and TOX mRNA in peripheral blood mononuclear cell
(PBMC) of CC patients were higher compared with HSIL and normal controls (P<<0.05). The positive cell level of SNX9 and TOX
immunohistochemical score were higher in CC tissue than in adjacent tissues (=18.63, 21.10, P<<0.001). The high expression of
SNX9 in CC was related to low differentiation/undifferentiation, tumor size, parauterine infiltration, vaginal infiltration, late FIGO
stage and pelvic lymph node metastasis (P<<0.05). Compared with the low expression group of SNX9, the overall survival time of
CC patients in the high expression group of SNX9 was shorter (P<<0.05). The percentage of CD8'SNX9" T cells was significantly
higher in CC patients than in normal controls and HSIL patients (P<<0.05). The ability of CD8"SNX9" T cells to secrete cytokines
(TNF-o and IFN-y) was significantly lower compared with CD8"SNX9™ T cells (P<<0.05). Compared with the Anti-SNX9 group,
the growth and proliferation of cervical tumor, the expression of SNX9 and TOX protein in tumor tissue in the Anti-SNX9+Anti-
PD-1 group further decreased (P<<0.05), and the level of infiltrating CD8" T lymphocytes in tumor tissue and the ability of CD8" T
lymphocytes to secrete functional factors TNF-a and IFN-y further increased (P<<0.05). Conclusion: SNX9/TOX signaling pathway
exhibits enhanced activity in patients with cervical cancer and mouse models, and is related to immunosuppression. Targeting SNX9/
TOX signaling pathway may be a potential therapeutic strategy for CC.

[ Key words | Cervical cancer; Sorting connexin-9; Thymocyte selection-associated high mobility group box protein; Immune

escape; T cell depletion
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FaRS LI A B e P G Ak & 1

BRI R L UTAER, SR A B
Wi (immune checkpoint blockade, ICB ) i )
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1.1 BEMALRER

W T 540 SR AR A, R 184k A CC
B, 180K A i ZUNBRR B B2 A Chigh-
grade squamous intraepithelial lesion, HSIL ) f
H, 180k AESUER Y21 . Ak, ATk
& TRV U BEBE AT HIIR TR 1533 CC
L og A . B BEIC 55 Hh 35 CC R 1Y i IR
AR . TR Mg BEUTIC S
HAAR I A B 58 . AR 2 K vb i o Y
BRBEfCBEZ bl oAbl (it 20220206) , Jf
HErA BFYEE TSR ES.

HEHERXELZEA DA (gene
expression profiling interactive analysis, GEPIA )
e MEYME R, ATEL B33 A
Jed HH B IR A 22 22 5 3R, A0
J&% ( cervical squamous cell carcinoma, CESC) .
AHF5E 8 1 GEPTALE 2 KU dE 5 0 T SNX9FECCLH
ZUP RIS BAE AR IR, Xiok B TCGAFI
GTEXE 8 (1 146 SNX9FE X 5 # 1K CESCHE
A HI146/5 SNX9FE N K F A CESCHEA 1Y CCAH
HEFTXF A AT
1.2 HSDE. &k

/NERCCHR I R U140 3 26 R =085 7 P 1R
JECH L o U TAZR L3R AE 5 A 10% i 4 1L
100 U/mLTF & Z M100 pg/mLEEEE Z I DMEM
Br ek (L[ GibecoA T ) W R Ficoll#
b JE B 0 0 N i v A I RS A% A

( peripheral blood mononuclear cell, PBMC ) .

i HA LR E S CE (8 E Milteny Biotec/A ] )
XoF /N SRR ZH LA T B3 1, 0 P o i 53K
M (EEMilteny Biotec/A R ) HEATEEK M .
THACHY AR ML L 70 pm B8, ZFicol % BEAH
BLOEE, PR E S TRPMI-164015 57k
t, HHCDS" T & ({EE Milteny Biotec
24w ) WPBMC., FAZAMIH2E4ECDS" TR .

TETH MY 3 15 57 5 (& K Stemceell 2y
Al ) R APTCD3/CD28Hi iR (4 K Stemcell A
Al ) RCDS” T4, 1 LAICDS” T 5uk
10 pg/mL TOX-Fe ( £ER&D Systems/y ] ) 4k
i, TEALRCDS” TANM 5 U440/ LA10 = 1L
AR, AT L0 pg/mLATIPD-1 A yE i
Pifk (Anti-PD-1) 885 pg/mLyT SNX9LA T
& (Anti-SNX9) ( ZER&D Systems/AH] ) -
A RZEEREHG (immunoglobulin G, IgG )

( £ER&D Systems/y ] ) YEA RTINS, 48 h
J&, WAECD8” THHAE, >R MK e 5 i BoAR
( enzyme-linked immunospot assay, ELISpot) K
D20 B PR A A

1.3 ELISpott&il]

fiFHy T4 ZE (interferon-y, IFN-y) fjs
BE 5350 & A I IR AL [ F--a (tumor necrosis
factor-o,, TNF-o ) HPEHEEH & (LFECTL
5FE]) FEATELISpot/r AT . SR T & 9% i LA
1 : 10%F£100 uL CD8" TANMIER , FKF50 uLFi
BRI AL, fEHCTL S6 Entry (36
EICTLAF] ) MFEAREATE i, 455 DB A
- BE K/ R (um?®) Fom, JHRIE R
IR TNF-oFHIFN-y Y 20 f et 1155087 (5 CD8™ T4
PSR A GUNER A
1.4 EIHRAETEREHERL ( real-time
fluorescence quantitative polymerase chain
reaction, RTFQ-PCR )

i FHTRIzolifk 5] ( € E Invitrogen’y &) )
MPBMC R EBUERNA . 73066 i B R
RNAJA, FPrimeScript RTi{5F & (#1755
AW TRERARAE ) #4755 . HSYBR
Premix Ex Taq ( #Irg X R a9 TRA R A
H) ) fECFX96 Touch RTFQ-PCRI&GIM R4 ( 3£ [H
Bio-Rad/Arl ) AN B AHXT ek . | 4%
AR . 95 CHZETE10 min, 94 CAEMELS s,
60 CiE k30 s, 40 HEFR. (i FARMERI2S T
AT EAX mRNAZR L, UB-actinfE N AR
AW S PF AU . SNXORIE [ 514
%) K5 -GACTTGGGGTGGCACATCTC-3',
R 5445 A5 -CGTCCCATCAGGG
TAGGTGT-3"; PD-1IFE [ 51 ¥ F 5 KN
5'"-AGGATGGTTCTTAGACTCCCCA-3", JZ[i]
S5 M5 -CACGAAGCTCTCCGAT GTGT-
3'; LAG3WIEm 5| ¥ ¥ % /5 -AACCTCA
CTGTTCTGGGTCTG-3", R Ia 31 ¥ F5Hh
5'-AGTCGCCATTGTCTCCAGTC-3"; Tim3[¥
E 518 F4) 5 -TCATCAAACCAGCCAA
GGTCA-3', 5| F5Hh5-GTCCCCT
GGTGGTAAGCATC-3'; B-actinf iE [ 5| #1541
}95'-TTCCAGCCTTCCTTCTTG-3', KI5 1¥F
51°45'-GGAGCCAGAGC AGTAATC-3',

1.5 R ZEpaAR

W85 A CCRRAE Bl E# A PBMCHIBELT 8
H ( phycoerythrin, PE) Z¢-&HHLCDS ( I
ST Fr AE IR AR A IR A ] ) FIPEZR G L
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SNX9 FITC ( 3&[EeBioscience/s ) ) HLiATES C
T30 min, WCHERE R I FHFACS Caliburii
A AL ( 3£ Becton Dickinson/A ] ) 43HTH(h,
FIARE, FH HFlowJofi {44 B it
1.6 FEHRRENEE ( Western blot ) 7347

R A R IR [y S Sl e
0 54 500 % KR e i TR R 0% ik S AR g U0 UE R
( radioimmunoprecipitation assay, RIPA ) ZZiifi
W (AL R ERARAR ) o HZER]
TI% ( bicinchoninic acid, BCA ) & FH L7
& (3Z[EThermo Fisher Scientific/A ] ) Ml 85 H
WRE o M ST RER G2 I SR BRES (12 4)
RA, T3 10% t e LA 1R 5 5% 9 4 Tk i €
JEEHL Pk ( sodium dodecyl sulfate polyacrylamide
gel electrophoresis, SDS-PAGE ) 7% . %%
B R 5 OIE L (£ EMilliporeAH] ) Jq,
FlR T HS% B4 U E AL h, A5 5 5ExT
SNX9 (1 :1000, [FECell Signaling Technology
NH ) . TOX (1 :1 000, 3[ECell Signaling
Technology/Zs®] ) . BifR{kIxBa ( phospho-
IkBa, p-IxkBa) (1:1 500, JZEAbcam”Zy
A ) . WER1EP65H 1 ( phospho-p65, p-P65)
(1:1000, Z[ECell Signaling Technology/ZA
Al ) . B-actin (1 : 10 000, ZE[ECell Signaling
Technology/Ar] ) —Hi T4 CRELK. X
5 A AL BB — BT (15 000, HEE
AbcamAH] ) MR F 1 b, EIGERIEAOCRSE
( %[ Thermo Fisher/A 7] ) WAL .
1.7 {KRiaTT

24 HEECS7BL/6/NER (18~22 g, 4~6
W) WA B e TR v SR SL e s WA R F .
A /N BURI SR FE M R 50%~60% | il i 24~
26 °CHOGHR/RIEFII 12 hi Z R 5e b
U 1440 fd F e d B Ak, F8 T iR 2z nhdh
% ( phosphate buffer saline, PBS) H', Jf#
200 pL (11X 10" ) 192 A B TR IR R T T 5
ANEE /NS o X TR BE BT, e 4
3 A, #524 FUNEBEHL AT H TgGA
Anti-SNX92 . Anti-PD-12H #1Anti-SNX9+Anti-
PD-140, Hd6H o #4540 70 i 2 32 W8 R 9 1 o
Anti-PD-1 mAb (100 pg, F[EBioXcellAH]) |
Anti-SNX9 mAb (100 pg, FEFEBioXcellAH] ) |
Anti-SNX9 mAb+Anti-PD-1 mAbFIIgG (/M
IgG1, SEEBioXcellAH] ) 677, HHFHATIR,
HERITAR, JFE SRR 15 df5absE/
B, WEEMYEA S T IS5 .

1.8 BEAANZFE

JibIeg U0 1 i, SR S AT A R 2 i ik i
friuse s . R gUkERIEAGR & (dt
W SRR ARARA ) ST RREHH
et WU R SRgiiR (Bt ASNX9,
1 : 100, FE[EFECell Signaling Technology/AH]; T
ATOX, 1:100, F[FECell Signaling Technology
AWl HLACDS, 1:100, SEAbcamAH; 4T
FLCD8, 1 :200, 3[FECell Signaling Technology
Nn]) B4 CHPRFUAR. R 54YR
PR Il E iR IgG —Hi7E37 C it F 10 min,
IR R MRS G ML E Y S YR TE3T <C
THLE 15 min. BV A FMayer7m AR (L&
FKEPHEIARAF] ) Yeta5 min, BiKJEH Hh R
BEE . ARG AR AR A o, Y
SREEMOF3, M B ORIS . AR ARG (i B2
PR AR A R S e 22U A4y (0~15)
1.9 SitEaE

i HGraphPad Prism 9.5 X B 74011
EOHT. TPERERIEE R U R . L Z R 2
S ECR ki . Z 4 8] SR R 2
M, KRG Dunnettfs 56 JEF T AL, i
KM 2 8dE . i id Kaplan-Meier Ji %4
Wl A AFRER 2R, i 2 X EORAS B0 254 7 2 R A A7
W, P<0.0502 A geita i L

2 oz B

2.1 SNX9ZECCEEHRFRIL

14 RTFQ-PCRAFHTPBMCHSNX9 mRNA
Fik, 4iRER, CCERETSNXIM LM B
o THSILFNIE 3 Xf iR (8.48+2.58, 3.78+1.84
M2.37+£1.11, F=49.34, P<0.05, K1A) .
SNX9O5CCHEPBMCHCDS" T4l L1
PD-1. LAG3. Tim3#&ik2IEM K (r=0.604 .
0.529. 0.568, P#<0.05, El1B~1D) ., CC4
21 SN X9 14 BH P 4 Jf 7K ~F- 35 98 55 41 21 1 25 1
fn (4 425.04£227.0 vs 400.5+40.7, 1=18.63,
P<0.001, EI1E) . MRIISNXZE M CCHY
I ARG PR 2A R R, MR A2 TAERHIE (receiver
operating characteristic, ROC ) HiZ#f & SNX9
FH P 490 B 1) e A I B k2 105, 15361 CC Al
HOr HSNXOE ik (n=99 ) FMILFIE (n=54)
P, KR, SNXOTECCH R
KGR . MR/ . BRI B
T . W E PR BB 25 (Federation
International of Gynecology and Obstetr, FIGO )
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SRR IR A R A DG (P<<0.05, #£1) .
AHFFEIA AR T SNXOTE T CCH G H {8 .
Kaplan-Meier/ 47 i~ , 5 SNXOEFBLIHI L,
SNX9 R IRH M CCIE FAR G B A AR
(P<0.05, KIIF) . GEPIAZ#HT /R, SNX9%
TR M CCRE B AL T SNXOIRFR k4
(P<0.05, K1G) .

CD8'SNX9" T4any Lufi, 25K ER, CCH
FHPBMCHCDS'SNX9" T a ity H 1] A . 7 F 1F
XM AHSILAEE (11.36+5.63, 3.87+1.74
F15.59+3.01, F=19.01, P<<0.05, KI2A) .

Wt — 2 A TPBMCHCD8 ' SNX9" T4
MEFCD8'SNX9 THIM M TIRE, Z5HRExR,

CD8'SNX9" T4t Jifd 7 b 4l g [H F ( TNF-o Al

2.2 CDS8'SNX9' THMECCEEPBMCH S IFN-y ) B9RE 1 BT CD8'SNX9 T4y ( &l
xik 2B. 2C) , FEHHCDS'SNX9" Tt EA 3w F

K AN AR 73 B CC R & BUE H APBMC

IREFPUIIE fiE

A Hrkk B C
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g Log-rank P=0.044
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= 80f _ P (HR)=0.047
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- - -
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5 wf :
I
Chi square | 4.383 =
2 20 df 1 g oal  THmms
= i - o
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S 0.2[
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Fig. 1 The expression of snx9 is up-regulated in CC, which is related to poor prognosis

A: The level of SNX9 in PBMC of normal cervix (n=18), high squamous intraepithelial lesions (#n=18, HSIL) and CC patients (n=18). B-D:
Correlation analysis of expressions of SNX9 and PD-1, SNX9 and LAG3, SNX9 and Tim3 in CD8 T cells of PBMC in patients with CC. E:
Comparison of SNX9" cells in CC and adjacent tissues (DAB color, magnification 200 times). F: Kaplan-Meier was used to analyze the relationship
between the expression of SNX9 in tumor tissues and the overall survival in CC patients (n=153). G: GEPIA online database was used to analyze the
relationship between the expression of SNX9 in CC tissues and the overall survival time. NS: No significance; ****: P<<0.000 1.

2.3 CCHLAHSNXITOXFEKIEKE FFASCDS
TZRAEFEIBE X

W FRTFQ-PCRAFHTPBMCHTOX mRNA
FKik, 4R ER, CCEEPBMCHTOX mRNA

FEIR A = FHSILFNIE & X I8 (6.67+£2.40,
3.77+£1.03F12.68+0.81, F=30.90, P<<0.05, &
3A) . N TH#FTOX. CDS8" THHMIAECCH By A
B, i e AU AR 1 53%F CCLL 2L RN
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F1 SNX9ZECCHHIFRIESIGARFEFRHEXME

Tab.1 Correlation between the expression of SNX9 in CC and clinicopathological factors

[n(%)]

SNX9 expression

Characteristic pa P value
Low (n=54) High (n=99)
Agelyear 0.06 0.814
<40 9(16.7) 18 (18.2)
>40 45 (83.3) 81 (81.8)
Differentiation 8.395 0.004
High/moderate 51(94.4) 75(75.7)
Low/Poor 3(5.6) 24 (24.3)
FIGO 28.977 <0.001
I 51(94.4) 51 (51.5)
I 3(5.6) 48 (48.5)
Histology 9.264 0.010
Squamous cell carcinoma 42 (77.7) 87 (87.9)
Adenocarcinoma 9 (16.7) 3(3.0)
Adenosquamous carcinoma 3(5.6) 9(9.1)
Tumor size/cm 4.874 0.027
<4 45 (83.3) 66 (66.7)
>4 9(16.7) 33(33.3)
Infiltration of uterine muscle layer 0.618 0.432
No 18 (33.3) 27(27.3)
Yes 36 (66.7) 72(72.7)
Parauterine infiltration 30.884 <0.001
No 54 (100) 78 (78.8)
Yes 0(0.0) 21(21.2)
Vaginal infiltration 17.461 <0.001
No 51(94.4) 63 (63.6)
Yes 3(5.6) 36 (36.4)
Pelvic lymph node metastasis 35.875 <<0.001
No 51(94.4) 45 (45.5)
Yes 3(5.6) 54 (54.5)

EAAHTOX ., CD8' THIMA T, 455350,
CCHLPTOX RPEH L4 (8.36£2.99
vs 2.61£1.62 ) B@ssH 4R FikE (=21.10,
P<0.05) , CD8" TZHfI/KF (2 207+1 106 vs
2571+1 419) BUREHHAL B EFL (1=3.04,
P<0.05, EI3B. 3C) . MM, CCA
AP TOX AL L2143 FICDS ™ TR /K -2
B EE (7=0.496, P<<0.001, &I3D) ,
KIPATOX M H R IAFH T CD8™ T MfL=E . 1L
b, e H S E MGEPIA M Bk, CCH

ZUP SNXOFTOX KI5 2 i #F IEAHC (K3E.
3F) .
2.4 SNX9/TOXPFEETFF CCHAXICDS" TZHAR
7= A 40 B R T o 3 U4 R
H1gGH MKW EFc-TOX (5 pg/mL)
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