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Influence of depletion type CD8" T cells induced by adenosine on
migration and apoptosis of renal carcinoma cells*
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Chaoyang Second Hospital, Chaoyang, Liaoning 122000, China)

Abstract: [Objective] To investigate the induction of exhausted T cell generation by adenosine and its impact on the
migration and apoptosis of renal clear cell carcinoma cells. [Methods] Flow cytometry was employed to assess the expression of
CD8" T cells and the exhaustion marker TIM-3 in renal clear cell carcinoma and adjacent tissues. Bioinformatics analysis was
conducted to identify genes that influence T cell exhaustion in renal clear cell carcinoma and adjacent tissues. Stable knockdown of
the gene was achieved in renal clear cell carcinoma 786-O cells using shRNA technology, and the cellular behaviors including
migration and apoptosis were assessed. Various tumor-conditioned media were prepared to culture CD8" T cells and investigate the
impact of gene knockout in renal clear cell carcinoma cells on exhausted T cells. [Results] Renal clear cell carcinoma exhibited
elevated expression levels of CD8" T cells and TIM-3 in comparison to adjacent tissues. Bioinformatics analysis revealed increased
expression of adenosine synthesis rate-limiting enzyme NTSE (CD73) in renal clear cell carcinoma. Clinical specimens exhibited
higher expression levels of adenosine and CD73 in renal clear cell carcinoma tissues when compared to adjacent tissues. Knockout
of NT5E in 786-O cells led to reduced migration ability and enhanced apoptosis compared to the control group. CD8" T cells
cultured in tumor-conditioned media with NTSE knockout exhibited diminished expression of programmed death protein 1 and
decreased proliferation capacity. [Conclusion] Renal clear cell carcinoma tissues display exhausted CD8" T cells and elevated
expression of adenosine and CD73. Knockout of NTSE in renal clear cell carcinoma 786-O cells diminishes migration ability and

enhances apoptosis. Knockout of NT5E can decrease adenosine synthesis and attenuate the generation of exhausted T cells.
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5% T IR (clear cell renal cell carcinoma,
ccRCC) JEMIRAETARGEH WM 2 —, SR —L8
BETEWIS U I C AR RS, JRER R TR
s o N R g al BUNDE I ER AR, R
DO e N (S o e | I A s S A |
(programmed cell death protein 1, PD-1) . F& % =40
MIAET- B4R 1 (programmed death-ligand 1, PD-L1)
() FR RIS S e I RE s Bl A 3 P2
& T 418 (chimeric antigen receptor T-cell, CAR-T)
R IE 1] 4 5 G D RE A L2 TR YT E I Z2 R iR
RYT B, BEFEERII, CD8'T 4 & B2 i
FIR R S i R UG e 22 T T R A e g
W, T AR BRI, 2 T AN RE
AR, T AMIIREIR T, FRZVFEHREL T 20
MY (T cell exhaustion, Tex) . SCHRIR B 7F 28 (5 208 |
JFF 968 45 S IR v, CDST 40 it A3 764 41 i Sy
F, WS, CD8'T il iE LIFEsE B 241 i
F 7 IGHER ccRCC TR EE H AT REA77E bR
SRR R, S T AR CDS'T 41
AR PRHGR R S AE % 1Y T 4 A= A 701
PRIZ G AR B e IR 7 B SR

JRAT S — TPz o AT R N PR, EE
41 B N =8 ER IE 1F (adenosine triphosphate, ATP)
Wee At 2 Ao T 22 80 b i e T S5 A e ol B
Bh g —M e o1, AMUEHES S5 MR B
RZEMHRs , IBRERGINHI G ETIRE ' SRR
S5 R AR IR I CD8'T 4a i 3k
FEIBTY T ML, =TRSO,
FEI N SME R D, RIASBIFSE Y H B 8RR R A
Xt ceRCC ANHEAE D)~ 47 0 KXt CD8'T 4l L i
SN, DU BRI TR BERT R S iR R L
1 BB
1.1 —RER

G B 32 A 20 B g 786-0 A 3K 1 [ B~
e i U B TR O 2 DY 2 A . S UbRAS i
LT 2021 4F 9 H LDk, Tt R ERBE MR
FHT B EARIAMEYIBR (Y 30 BIREHEA2 IR ccRCC
BFBIBRA . ARA T BT 15 min WIEESERL,
JTAbRA Y 3 4, — 10 T ok B & S0 3T IR
TR, — ORI T A, — O RiCF-80CTR
o PTAFRARIR DG BT A ], A b As ok

A TARAIZEZNERES, FRERE
BAMIART . EEEGH . RPMI 1640 £ 3830 T
HyClone AN, BeEMTE  (fetal bovine serum, FBS)
g T Moregate Biotech 7% F] . RNA & H i 7 |
cDNA & i 7] & A SE I E i 5 G WiFEE S (PCR)
B & W A R AR (dbst) AIRAR . &
32 B0 R . BCA o &l R & K& N IR
ELISA 17 @& ¥ [ B8 = KAEWHRARARA
Hlo Annexin V. PI Xbric i -i87%1 & & CD73
FUAISH Abmart (i) 2AR], CD73 @dkmeiss:
BARGIE H FEHIEYRH A BRA R

1.2 Ji&

121 PP T mfedRI Hlif B R Ko 55 4141
T VKB IR £ 2% wh % M (phosphate buffer saline, PBS)
B UE . FREIJFOHE . Dl E . oA RiE.
Wive PBS BEUUNE, MG 1V, & W BT i
e i AR R A A TR Tl (deoxyribonuclease I, DNase I)
IR # 0o PBS FBEZ Ik N o [ MRATULTE
il s BN M, AT, FEERTUE S B0 5
Vg DUTEMA 3 RS AR Y 21 240 i 224 T vk |
JCRL . Wive PBS ALV, B F LW 70%
percoll VAT B LR UITEJGHF 40% percoll YA
BEGES IR, BIAT R Ar 2, &0
FEERTZ 1 em LA B, WBCH 2RI 3
FERFUAE SR K, B0 5 BIE S TR iE B T
Y. BCE percoll A& : (40% percoll : 0.4 mL, A=
7K 43.6 mL percoll+6 mL RPMI 1640 15 7% 5 ;
70% percoll : 0.7 mL A= ¥ EE 7K +6.3 mL percoll+3 mL
RPMI 1640 5373)

122 T et AT XA KII 786-0
201 bz shNTSE B9 786-0 4 fifd 285 -80°C [ S UiFil 5
UOITWCEE b e R Bk . KT ALRY T g 270 T 6
LA, OB AR IR (IR AL - T 20
ML NG IR =1 = 1) FFAMERTIR 24 h, WA
RESHATIR L

1.2.3  Western blot %% WS4 I )5 25 4k
LIRS R T, BCA HE ARSI 370 6 I
EE WA . BRI, SDS-SR A e e i i
VK, EEAFERERM MO (PVDE) B, 5%
WA 2R B 1 h, BERS A —$t, 4°CHE
HR, WHR TBST VS, A LLEHT R s
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BREF G(IgG) —¥t, =RWFF 1h, Ve, BEL
T i 3% 55 4k 2% & 6 (enhanced chemiluminescence,
ECL) K& G BEIE AR A6 454, Tmage J 43
M 2% IR A

124 S ¥ PCR %3 $REUANIEA RNA, i@
T S RN A cDNAL L eDNA HEAR, A
SER A f PCR NI FIE R M 5149, A9t
it PCR X L3417 PCR . 5140 : CD73 IE
4% : 5-ATTGCAAAGTGGTTCAAAGTCA-3, CD73
& X 4% . 5-GCATAAAGCCCTACAGCAACT-3,
GAPDH 1F X %%: 5-AGCTCACTGGCATGGCCTTC-3',
GAPDH J ¥ %% : 5-CGCCTGCTTCACCACCTTCT-3',
FE A FASPE 95°C 30 s; A8 95°C 55, Bk
FEAR 60°C 55, 240 NMEFF . R GAPDH AN
SN, B 27 R EE R, A mRNA
FHXTRIE A

125 Bmaig BOTEUAE R 786-0 40,
T A MR L TR AR T T Ak S R £ A0 T
LA, RS A RV B R 2 6 fLAR, BALKY
HRELZY R 5% 10° 4>, TRl B fl G ik 20% ~ 30%
NPT BE R e o SR VIR R, PBS WE BRI
BE 786-0 4 ML 5 3, 786-0 4 Ji % Bk YL & A
(multiplicity of infection, MOI) =5 ¥ UL = (18G5
PAR RN TC MG G F2 5L« 1890 5 FAAR S B i i
7 Trans PR, 9 12 h J5, WENMOIRE, Wi
I TR L AR 2R NI S 5 I A LT ) SE Atk
Fedk, 1 d R R IRk e 3, B H
W, e 72 h BB R T WS A i A 3
R 2% {0 ¢ ¢ 25 1 (enhanced green fluorescent
protein, eGFP) HUKIAIENL, PR A PR
R, BAMEEYLE R 1 80% LA L.

1.2.6 @@ X X% shNTSE fit) 786-0 4 Jig K X}
WEZH A I3 2 x 10°~5 x 10° L3R T 6 Lk, 1%
FE24h 5, 1E 6 fLARANRFERmNYR, WFRIEFRE,
PBS WYL 3 i, JNATCINTE 1640 JEhbEE IR, B
7% 48 h; TRIE BN 10 x 10 {508 WAL I3
B A HESE Oh, 12h, 24h, 36h, 48 h 1HIF.
a2 A RVE T TR %, diERS =
(BT UR 2 A AR — i a] s (X AL/
BRI

127 ABHE ELISA XA &t 342 it
' 375 WY 240 g A 2 R 5 AE U A T A R K
RS9 . BOE AR A A . 0 Sl
AErE RN Ak D EAREIL AL, AR
HEFLIM A )M BE () B A At it o ZEREARSLIMA

FRAEAS , INAREARTG R o FEASFL S AR FL A
IR o AL Y AR E T, (0 A B st
IR o SEBRMRPIRIA, RHLINAJREY A RKY)
B, ®OUEE . FLAIMAFIER N, WA 450 nm
WK (optical density, OD) 8. Z:HlbnE
LT
128 AX@maAan AT BB K I
M, HAEIETRAE . STLIR PBS
VIR, AT & e 2% (EDTA) 1 i i
AL, TR AR [ FLH A 40 i 2P i, sE 4
B e 2l k. EEMME.OF B, W
PBS VEVRANM, EEAIEL, FEET I x48%
M, WREZ) R 1 x 10° 40 ffl/mL. ¥ 100 pL 21
MBI (1x 100400 $6%E 5 mL g .
A S uL BiFp i Chi i . FReiest ani, =ikt
JEIEE 15 mine BEAETIIA 400 pL 1 x 25522 0
o 1h AT ML T o
1.3 Sit=FHiE

fdi 1 SPSS Statistics 23 XS5 BRI 740 124
ST, TFRETORIDI L £ FRifE2E (k£ s) FOR,
KH K5, P<0.05 NZEFAGIFE L,

2 #R

21 BEPRHMESESHESEA TR CD8'T R
IBE CD8'T HffIFRi%k7KE

BRI 10 1511 375 BH A i S 55 L 8O3 85 T
A, AR A AR AL CD8T 4 fifd K 6 v 4
RI4yF3(TIM-3) RO, 4559 o B 2 UA 41 i Jea
ZH 21 CDST 4 AT TIM-3 BH 1 41 B L 451 B 4l v
FHEFFH LY (P<0.05), Vil B 15 W 41 it s 41 21
TEAEFER A CDS'T 4iff0i=iE . WIE 1.,

1)

25% [ |_| ;;ié%iﬂ%“
VEEEEN

20% [ e

15% = 2)

10% |= |_|

5% |- |I‘

N
CD8a TIM-3

1) P<0.05, 2) P<0.01

& BB fE R E S AR CD8'T kR
TIM-3 HjRIZER

& 1
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22 BEAMEMESEEHAS S NTSE (CD73) D NTSE S @ik, WA 2.

RiKIKF

AR RS W FE R CD8'T 40 7= A 1 43 -,
il 7 GEPIA (Gene Expression Profiling Interactive
Analysis) 73T 2 Fp R EIN 25 5%, A BV i T 4

kS

h T B HFSE NTSE 55 33 W 40 9 1Y 0%
Z, M TCGA Bl e rh 4317 ' i W 240 e s B i 55
HE1H NTSE Fikti . Z5 5 R B iE W] 4t i 20 21
o NTSE A92R 0 T s 2l gl, WKl 3.

450

360 —{

270 -

180 -

Transcripts Per Million (TPM)

30

20

10

L 00090004 Q.05
0] Q wWE O WS O
QV?QC)QQYQ{(/%V'%{» c_’,{‘/\@«q,@oo N

B 2 GEPIA #iEERRMEEH NTSE BEEFRiLKF

O R e el Qo0 F el RO R v 0090
7f _ -mas

ST EA

E 3 TCGA #iEEREERMMESESHAT
NT5E Riz&E

T 05T CD73 (NTSE) 5'B B H 40
JER I ZR, R B % B A M i S e s L 4 CD73

FHEEKE . G5HNE 4A . B 4B s, S
AUk, 'EEHAIEAZUT CD73 76 mRNA FlE
FIK TR A (P<0.05). [ 4C BB BN
TR LU IR S I R = TSR (P<0.05).
2.3 BEIRFREFEN S EREMAMK

i NTSE (CD73) @R I85m 2 8k 240,
M R 5 BB NTSE 14 786-0 40 bk . 45 5 4n &
5A fitn, X RN sShRNA-NTSE ZH #B % 1k 4% (0 5¢
o, UEBR R T . &l 5B 7R shRNA-NTSE
ZH 5 IR ZH S, NTSE (9 mRNA 2635 1 i FA%,
ZREGFE L (P<0.001), [ 5C §7~ shRNA-
NTSE 20 5% B2 He#, CD73 B #k I BFEAK .
K 5D s 5 X AL A, shRNA-NTSE 4R
WL, ZRa%01FE L (P<0.001),
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25
2.0
i
;3 15 HED5 AL LS TS5 A8 ALY
s o . .
210
= ADPH
5 CADPIT - -
]
0.5
0.0
FEOGL AL TR R
A B C

A BB AN SR ST CD73 mRNA kK5 B BEWANE SE5HL80h D3 E AT C: WS SEsr Ay
RS, 1) P<0.05, 2) P<0.001,

B4 BSERERESEZSERAS CD73 REESENRE

5"

=
o
1

S
n
1

CD73 mRNA A% 7K

XHHAZ] shNTSE4H
X REZH N shNT5E 2

X R ZH shNT5E 20

CD73

GADPH

[

¥HEZH  shNTSEZ4H
D

" A POEKAMMER TR A0R ;s B: mRNAZKSPFIRIENTSE SRR € SEH/KRPRIENTSE SIERECHE ;s D: BRH/RFPHIIE NTSE iRl
- TP<0.001,

B 5 (RF[IEREREERAMERMRKIETL

2.4 EEB& NT5E %t 786-O 4RaE % B 2200 R0 TR g5 R BRSO A R, R

WELANMIAE 12 h A1 24 h J5 AR A, R NT5E J&, Annexin V 8% PL 8 FH4 K RSH P 20 ffd L
shRNA-NTSE 21 4 Jifd 3] Ji 1 B BH fnd K X6 HE A FIERRG I (P<0.05), ULEHRER NTSE A2t 786-0
g5 F LR mE bR NTSE 0l # 786-0 4i i i i %5 - RAIET . UL 7,

LK 6, 2.6 Bif& NT5E % CD8'T ZHAFE iR HI 20
2.5 BiBs NT5E 3¢ 786-O ZHAAT-HIZ N IS 4E shNTSE 41 J %F BR4H 786-0 4 il 4511 3%

FIH Annexin V. PI BUbnic 40 i 8 3857 & e, BEE CDS'T 400 24 h J5, K IUEEMER T 41
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BUR T s s O . 25 SR unE 8A B, SXHHR (Ki-67) RESI TR, SRR FLE, MiRdl R
ZH AL, shNTSE 241 3 Fhbeyie i a5 53+ TIM-3 7= T 40 Kie7 e plsgm, 2R A5 #E X
PD-1 1 CTLA-4 7F mRNA /K F-Fi5/AK, Kl 8B i (P<0.05) . 2 L4En bR NTSE, 8RR ke b
TR SN RBA H#, shNTSE ZH (%) PD-1 335 B 5 [ 7% CD8'T 4if L 1) #E ¥ , B AR X T 41 Jfd 3 78 1)
K, ZRA% 55 (P<0.05). B 8C W ikl

shNTSE %) 786-0 Jifiid 25 415 F= 5L i) T 41 a3 5

Xof B4

shNT5E 2

B 6 mek&k NT5E X5 i% A 4 A Ra 4R AR SE B A= M

X REZH shNT5E 24

0.10% 0.63% 0.78% 13.54%

o - i
s R ey

=
0
. 5'79 A):Annexin \Y
150% p= 20% I~ 8% 1~ 1.0% [~ 2)
1) 1) 1
1) 1 0.8%
15% |- 6%
100% |- |
0.6%
10% |- 4%
0.4%
50% |=
5% |-
2% 0.2%
0% 0% 0.0%
XTEAZL shNTSE 41 YEAZ  shNTSE 41 XHHRZL shNTSE 41 XHAZL shNTSE 41
A B C D
A: RS X IRALE R A Eb s B AL S0 R IR T At s C: ARl S 0T R AL MR I T Al Ee s D mEIRE S X

WAHET-AEILE), 1) P<0.001, 2) P<0.05,
B 7 FiF& NTSE x4 '15i% AR 40 A 40 A T R S0
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<A
B3 shiNTSE4H

PD-1 CTLA-4 TIM-3
A
X HELH ShNTSE 41 20% 1)
10% vo"- .
9.70% [624%
= : 10y : 15% |- L
m‘} 104
| o 8% | o} 10% f-
102 10%
104 109 5% |-
104 109
AT A0 a0 100 10 10 0t 10 R R e R PR PR
— 0%
5 CD8a shNTSE4]  XFHR4]
payistiil shNT5SE 41 50%[~ 2)
" 3% 32.50%
o 40% |- |
10Y 10t
—
[“\? ' 30% =
g
0y 104
20% |-
oA 2% | o SRA%% 10% |~
R R T M T T T
CD8a 0%
a shNTSEZ x4

A: RT-qPCR A& CD8*T 4HATE S5 1145 F e h BB H5 4% PD-1. CTLA-4. TIM-37E mRNA ZKCERYZE 4k B: W AHA#HI CDS T 4 7E
FAFEEFR I PFERHE AR PD-1 97251k Co B AIIAE KRN CD8'T AUTE £ (F R 3R S B HE b Ki-67 19454k, 1) P<0.01, 2) P<0.05,

B8 BhERMHIEFEES CD8'T M REEN

3 Wig

P A R R T NS LA, 2 A
R NI 1Y 29%~3% o % T R R A
EPIEHRIE | REMEmAJE SR ] 251 R R T A
G (S R R IR T AR DO | 2G5
JFR . SpEiny T SO IR IR ST B AT AT SR o 7R
BOZIE . RESEME S, CD8'T AR £,
P B WU EF, BEXF PD-1 BHIBTAY S22 1607741
b (AFEM R, CD8'T R R

- 21

T RTE 2 . fEREZERE . HESEME s,
CDS'T 4 AR BU -k &, 7E'B ¥, CD8'T
oI B LAAE SR BO Ak =, R IE A RE R
ST I BRI, RN P S e A A
M PD-1 Ml TIM-3 48431 7', #Eug Y T 4 e 531k
5 e o s vh 2R R R A O . O i 2k Mk
RPN 0B ki iR R ey 2 S OB S EL
T 4 . QAFAE IS T 240 ) 6k i 41 i P
T YA 2 10 (interleukin-10, 1L-10) ,
BELBRT 1L-10 ] F R aliss T ke, G Risk
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PEE 40 MY . CDA E T ME T 40 g (CD4
regulatory T cells, CD4"Treg) HA I 14 T 40
Hd (effector T cells, Teff) Vi AL FIIEFE [ G I3 F0 il 45
PR BRG], P T 4000 (regulatory T cells,
Treg) 1] 4 0 7 A 1 28 %% 7 (hepatitis C virus,
HCV) JEYe LA KR AE B9 & AR 1, @OBIF9E & BRI R
YR AR I = e = 5 R kR, WD T 40 A
iag "

I K ccRCC 4L = Fe ik CDT3 M RAT,
Al RES R B T A0y A . AR, 4iiEsh
BRFFAL TR K. RSB . B .
YRR A AT, A A R TR R T
AT G RE SR, B Lk i ) B0 88 0y 255 4o 4 4 s
ARG R B SN B G RS2 R -
IR 21K (adenosine receptor, AR) ZEAENF, M
MHNH S RETIaE ", AR RLIMFEE A CDS'T 41
077 A B 41, i GEPIA 43 22 F fith g I 2%
S, KB ccRCC 1 NTSE FEN @ ik, vE—E0F
7% NT5E 5 ccRCC BYKFR, M TCCA HdE & b4y
M ccRCC M 2540410 NTSE 354, 45 4R
ccRCC A4 NTSE B3R5 B & s digl.
MT ccRCC 5554140 CD73 MR & &, 45
TUESE T A B2 g S . M TR
BRAT B9 5 9 786-0 4 U AR I 7F 85 11 2 mRNA /KF
HEAT T YAIE . A FH g 25 R R 35 2L 45 5% CDS'T 4
M, RAMERIIP IR O EE, UESE T IR A 8
A DLFEAIR PD-1, TIM-3 %5 2 Fp e f2 f0 F 1Y
FEIR A B R SRS X T 4 L 5 ) B

CD73 FIRRETF 5 ccRCC HAEH R T 412 i 4
&, AIRESE M e g kR (W R, AT A eeRCC
WIS bR T BRI AR 1 BT IRT
K H R D39, CD73 SHE S py skl ). A
B TEREBTAAR A YT B g S CH A R A SCHR R E
AT I I X B 9 A AIE T B L Y (HX
SERE S ERAL TR A I BE, RIEWGIRME, AR
A FAR A S, ERRATE R AR e v 4
fEHEEG I Ve, (H A I RAER 5, 12
PE U G 16 B S A BT RE, T Bt — S
CD73 . BRAFZEARTPIRA R B8 ¥ K & HEE F AL
Wil I A R SRR X R A BT R ) 259
CD73 AMYZY ccRCC MR HALE hFEE A T 41 A
JEE, WA R A T AR Y AR
X AR NTSE 1 786-0 ZHMEFRE /0, ST
hne AR LB CD73 Fite SPEI G FH] APCP figf
LS ARy X400 ] e g 4 B %) 38 58 ST A% 5 7
S MR I . FLARIE . DR (0 FRR A W i A
FE R CD73 =R, MBHKr CD39-CD73- i}

T 3 B, DL B B 4 Al K ot R B Az
P >

AW G G RARA . A5 B 2F S A i S
IS HIESE T ccRCC & #3A5 CD73 MR, IF
SR AT =AM . AR ceRCC IRYT
PEUL IR YT AN

2 % X B
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