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AML A~ [ B B BB T AFES K
HIICENHLD 3238 KPS S

FAER, x &, 2% (LW OERMEANE, TR 529000 )

# E. B KT L&KM 49 2% (acute myeloid leukemia, AML) R B &AM & % T 043 (T cell
exhaustion, Tex ) & A8 X 28 Jo B F a9 F A KB, Fik &4 2017 2 A ~ 2020 5F 6 A 4267769 AML #4120 #1,
B i 45 60 4] kb B ok A < BE 2 (HC 28 ) , 4238 AML R Bl & 9% B8 % 7T A #7%- (initial diagnosis, ND ) 45 41 |
% 4% % (complete remission, CR ) 35 %], K% % (ono-remission, NR ) 24 #]F= 5§ & (recurrence, HR ) 16 #], KA i
K 2a AU &2 91 8] o fo BB R B) 9546 & 5 Tex (PD1'TIM-3'T, PD1'T #2 TIM-3'T ) , IL-2 #= IFN-v Za 0. -F#)
FIERF, R AML R RBU-E &N E s f B 38 CD4'PD1'TIM-3'T #= CD8'PD1'TIM-3'T Za L7k -F 3% % T HC
41 (F=9.149, 6.068, 3.438, 4.807, ¥ P < 0.001 ) , CR % # $h R fofe B4 CD4'PDI'TIM-3'T @ fe (=6.320, 8.841,
37.420, 3 P < 0.001 ) #= CD8'PDI'TIM-3'T @} (+=5.417, 6.096, 12.610, 3 P < 0.001) /K -F 358 4K F ND, NR #=
HR &%, 2733 A% 5 &L, AML &8 fe B4+ CDS'PD1'TIM-3'T %8409 2 % T CD4'PD1'TIM-3'T 4a e,
# (=8.227, 7.289, 35 P < 0.001) , H ND &% &% CD4PDITIM-3"T = CD8PDI'TIM-3"T e K F 8 2 & T4 A
f (=6.297, 7.527, ¥ P < 0.001) , £24¥ A%+ FEL, ND BH5E ofe B4 P CD4A'PDI'T #= CDS'PDI'T 40 e,
K80 2% F HC %% ( F=13.810, 8.029, 7.541. 10.540, 3 P < 0.001 ), CR % & 1A o F= 4% F CD4'PD1'T tmfit( 1=4.576,
3.164, 5.625, 3 P < 0.001 ) #= CD8'PDI'T 2w fz (£=5.293, 3.091, 5.091, 3 P < 0.001 ) # 24%F ND #= HR &%, 2
F3 A it FE L, AML EF5ME s Ae 88 F CD4ATIM-3"T F= CD8 TIM-3"T 41 it K -F 81 2 % F HC 8 ( F=24.230, 9.101,
16.010, 12.540, 33 P < 0.001 ) , H CR &% % CD4 TIM-3'T #= CD8 TIM-3'T 28 iz /KT R A& T HR 48 (+=3.986, 4.621,
¥ P <0001), 2FHH%HFEL; HR EF I afe B3P PDIUT a0 feAfe TIM-3'T @n feLf7 7= 469 IL-2 = IFN-y 28
Je B 7B 24K T HC 2842 ND & # (F=6.218, 5.925, 5.841, 5.017, ¥ P < 0.001) . &it AML REF EmN&EEE
SMJE fa A B A Tex A TS LG R4E 5. EMIAATE BInmk.
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Experimental Study on T Cell Exhaustion and Related Cytokine Expression
Levels in Patients with AML at Different Disease Stages
XIAO Xing-xian, LIU De, JIANG Zhao-hui

( Department of Hematology, Jiangmen Central Hospital, Guangdong Jiangmen 529000, China )

Abstract: Objective To investigate the expression levels of T cell exhaustion (Tex) and related cytokines in patients with acute
myeloid leukemia (AML) at different disease states. Methods 120 patients with AML who received treatment from February
2017 to June 2020 were selected, and 60 healthy subjects were selected as control group (HC group) during the same period.
AML patients at different disease states were divided into initial diagnosis (ND) 45 cases, complete remission (CR) 35 cases,
non-remission(NR) 24 cases, and recurrence (HR) 16 cases, respectively, the expression levels of Tex expression levels
(PD1+TIM-3"T, PD1°T and TIM-3"T), IL-2 and IFN- vy cytokines were detected by flow cytometry at different immune
checkpoints in each group. Results CD4'PD1'TIM-3'T and CD8 PD1'TIM-3'T cells levels in peripheral blood and bone
marrow of patients with different disease stages of AML were higher than those in HC group ( £=9.149, 6.068, 3.438, 4.807, all
P < 0.001 ) .CD4PDI'TIM-3'T (+=6.320, 8.841, 37.420, all P < 0.001) and CD8'PD1" TIM-3'T (+=5.417, 6.096, 12.610,
all P < 0.001) cells levels in peripheral blood and bone marrow of patients with CR were significantly lower than those of
patients with ND, NR and HR, the differences were statistically significant, respectively. CD4 PD1"TIM-3"T cells in peripheral
blood and bone marrow were significantly higher than CD4PD1" TIM-3'T cells ( #=8.227, 7.289, all P < 0.001 ) , and
CD4PD1'TIM-3"T and CD8 PD1'TIM-3'T cells levels in bone marrow of newly diagnosed AML patients were significantly
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higher than those in peripheral blood ( =6.297, 7.527, all P < 0.001 ) , the differences were statistically significant, respectively.
CD4'PD1'T and CD8PD1'T cells in peripheral blood and bone marrow of ND patients were significantly higher than those in
HC patients ( F=13.810, 8.029, 7.541, 10.540, all P < 0.001) , CD4PD1'T cells in peripheral blood and bone marrow of
patients with CR (/=4.576, 3.164, 5.625, all P < 0.001) and CD8 PD1'T cells (=5.293, 3.091, 5.091, all P < 0.001) were
significantly lower than those in ND and HR group, the differences were statistically significant, respectively. The levels of
CD4'TIM-3"T and CD8 TIM-3'T cells in peripheral blood and bone marrow of AML patients were significantly higher than
those of HC patients (£=24.230, 9.101, 16.010, 12.540, all P < 0.001), and CD4'TIM-3"T and CD8+TIM-3'T cells in CR
patients were significantly lower than those in HR group (/=3.986, 4.621, all P < 0.001), the differences were statistically
significant, respectively. The IL-2 and IFN-y cytokines secretion of PD1'T and TIM-3T cells levels in peripheral blood and
bone marrow of HR patients were significantly lower than those of HC group and ND patients ( F=6.218, 5.925, 5.841, 5.017,
all P < 0.001) . Conclusion Tex dynamic changes in peripheral blood and bone marrow at different disease states were
closely related to clinical characteristics, remission of recurrence and prognosis of AML patients.

Keywords: acute myeloid leukemia; T cell depletion; cytokines

B B SO BT R A7 A 2 A 2 PR A R T A ]
R PE N A B T A0 B, LG R R T 4 e
(T cell regulatory, Tre ) A1 #E 4 ¥ T 40 ig (T cell
exhaustion, Tex ) . T Ziffd#Ed =22 T 4HMEE %
KURE, RPN M AR I 5 [ R st T
1 (PD1) . WAL 3 (TIM-3) | WREAH MY
TS 3 (LAG-3) 45 | XU A S ie N A& R 1 R I,
AEECT AN R . A, Bk gl R GinE
TR BRI, 7RI e N A AR R, Bt
JEUER S T 40 BRAB RS, 40k h Tex,
1 5553 X P e ) B WE AL L A R R R, fRaE
i gl A A e U H RS T AR RE A& I
# (acute myeloid leukemia, AML ) H Tex 7K &
WG >, JUHAE AML B3 RFEERH BT
Tex BYKFEZEAL, TMHRTT AML G2 o7 55 /) Tex 3
IRIKA BT A e 118 S 328 106 S5 AL A0 SRS
MR YT S . ASWF AT AML A [R5 By
BURE Y Tex KRG 4087, A B 15000 (A ii5s
B IRITIT R BUG , ATRGReih 7 s 4R L
B ARTE o
1 MEl5H®
1.1 AR % U 201742 H ~ 2020 4F 6 H ¥
ZIRITH AML 35 120 ], Hod Bk 68 i, Lotk
52 5, EXJAERS 32.6 £9.4 X5 ALHR A MERLAN AL
Mo T R 3 ], o 20 i s A 431k
RUGRE 18 ], v b4 M 1 S 356 43 o0 f B FR o
540, SRk AnA E e R 2 ], Stk
20 L IR AR 20 ), i A% A A I AR
#H 23 fl. AML iZWi £ & 2016 4F WHO i 3 il &
Ak RIS Wb iE . MR AR B B R IGYF
BERAY MHIL A 45 ) (ND 41) | 52 fH4 35
) (CRZH) . KZEfirLH 24 ] (NR 4H ) FE KA
16 ] (HR 4 ) o BEFE R 60 5] f4 45 it 5 5 oy fgkt
FEXTHRAE (HC 41 ) , B39 6, &tk 21 fl,

PIAERS 31.5+8.5 % . AML 2H 5% B4 AR . P
TSI R TR 22 R IRg A L (P>0.05)

PAFRAE: W= 18 %, it s g
REVR A BMI2 8 AML B8, 1 H BiRB32 40 R 97
)

HEBRARAE . If A HIER Y . MEERDhRE A 2 uldf
K HABIMBNEBRE 5 T 6 D H NIRRT ffe
JEMHIFIEYT & . AN IR B e 2 b1 it
e, AR R 2 B A 1S .
12 L2 54X % BD Accuri C6 Plus % i =0 41
Mg AL ( 32§ BD A ] ) , PD-1", TIM-3"IL-2",
IFR-vy ", CD4'T,CDS'T ik ( 26[E BD A#) ) .
1.3 Fik
1.3.1  FEMEPE T 240 B it =X 40 Bk I . e SEATF 58 %)
ZHAME I, FREFAIFHECERE S ~ 10 mlo 73
A1 JE IS AR, A E A 10mU/dl R 2R i
() RPMI-1640 575 75 W 15 720 B 10° A~ 4, in
A Iml/dl ZRBHEEEEAIEE, .05 EEmAG
KM, & T 5 mlwXEd, 55 A PD-17,
TIM-3",IL-2°, IFR-v ", CD4'T,CD8'T #i {& ( 4 [
%E BD AF ) W 30 min, EWEE TEEEOLT
% 30 min, YU R IEE 3 K, 400 g B0 5
min, # FEIMARRLZE W% 2001, 7 BD Accuri
C6 Plus 137 A AT AN, 10 5% 4% Tex 200
AR EORTE 53 L o
1.3.2  ZMeHARME: PR AML B EIF RO ERIbRE P,
W2 E (ND) « PRIKEZIRITHY AML B 58
5 (CR) « HHEW BRI A< 5%, B
gttt DN EAR Y G o A N il (10 W = N (1 ]
I 248 3 %000 20 36 F1 (Hb)>100 g/L, w4 ki 41 g
>1.5x 10°/L, Ifi/MRITH4>100 x 10°/L; TG L% 41
JH3E 0 I RIE R S ARAIE s RZEf# (NR) : AML
HBERZIGIT R B RS RS I 45 bR B ARAE IR
KU E; M= E % (HR) « fEEE T2
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S I A0 R I S BRI 40 A 5l A R LA Al

it >5%.

133 WEHEHR i AML B E A RIBHMBIND,

CR, NR, HR) F1 HC #& B &k J i A0 -8 oA [\ 4

P K Ar g5 Tex R 57K F (PDI'TIM-3'T, PDI'T Al

TIM-3'T ) J% IL-2 I IFN-~y 4R 750 i e

1.4 it F o KA SPSS21.0 A4S 112

ST, THEERLSR IR + bRfEZERIR (),

Z ] LR FH BN 28 5 25531, PR LR R

Bonferroni 3£, P<0.05 MZRAG 2L,

2 H#R

2.1 %2809 PDI'TIM-3'T s k-F WK 1, 7

AHIEARZE R R, AML AN [RB% B A ZME LA
%1

B 86 h CD4'PD1'TIM-3"T Al CDS'PD1'TIM-3"T 7K
T HC 41 (F=9.149, 6.068, 3.438, 4.807, ¥4 P <
0.001) . CR &5 4N M A& 8 H CD4'PD1 TIM-
3'T 41 M (£=6.320, 8.841, 37.420; 18.221, 8.216,
30.176, ¥J P<0.001 ) #1 CD8PDI'TIM-3'T 4 it (=
5.417, 6.096, 12.610; 5.201, 6.034, 10.874, 4 P<
0.001) /K EHI R AL T ND, NR il HR 3%, 2571
H G E X AML B35 40 1 A a8 1 CDS”
PDI'TIM-3'T 4il g # B & 7= F CD4'PD1'TIM-3'T
Y%L (+=8.227, 7.289, ¥ P<0.001) , H ND ¥
‘HfiE# CD4'PD1'TIM-3'T A1 CD8'PD1' TIM-3'T 4fi
JI K B S s AR AL (/=6.297, 7.527, ¥ P<
0.001) , ZRH¥AEGIZFE L,

& 488 PDI'TIM-3'T ZBAE/K T EL 3 [(x + 5)%]

AhJA i L
TiH
CD4PDI'TIM-3'T CD§'PDI'TIM-3"T CD4'PDI'TIM-3"T CD§PDI'TIM-3'T

ND 45 2241043 435+1.24 538+ 1.62 8.80+1.86
CR 35 1.45+0.52 3.22+0.70 225+ 1.12 6.64 +2.28
NR 24 275+0.85 521+1.08 5.94+2.19 9.03+2.91
HR 16 7.74 £ 1.06 8.95+141 10.39 £2.03 12.62+3.74
HC 60 0.48+0.21 0.87+0.35 0.71+0.27 1.15+0.54

22 A 4A PDI'TmfK-F U2, NDHRH
S JE I A1 CDA'PDL'T Fil CD8'PD1'T 4 Jiu /K -
B 7 T HC 4 ( F=13.810, 8.02, 7.541, 10.540,
P<0.001) . CR & #F & 1 F1 #8 * CD4'PD1'T
41 i (=4.576, 3.164, 5.625; 5.012, 4.012, 4.783,
P<0.001 )F1CD8 PD1'T 4 fifi( /=5.293, 3.091, 5.091;
6.012, 2.897, 4.907, ¥ P<0.001 ) ] 2% T ND, NR
FITHR 8, Z58a501%E L.

2.3 &A1 PDI'T 0 he = 4 IL-2 #o IFN-y #) & A
£+ WK 3. AML ARG BB 1M E i Al
HHET CD4'PDI'T 4 1 CD8 PD1'T 40y~ A= iy
IL-2 FIT IFN- vy 4R tedss, HR EE SN A&
Bfr= A IL-2 F1 IFN- v g0 R 732 35 /K F B B AR T
HC 211 ND 4 ( F=6.218, 5.925, ¥ P<0.001) , 2%
SAGIEE L

x2 & 4A18 PDI'T 4RAAZKF LLER [(x + 5)%)]
i MR I i
CD4'PDI'TIM-3'T CD8'PDI'TIM-3'T CD4'PDI'T CD4'PDI'TIM-3'T
ND 45 33.79+9.52 40.19£8.75 4249754 46.26 £ 12.25
CR 35 27.99+6.83 31514824 32.64+7.89 3524+791
NR 24 34.07£6.76 35241037 39.08 +7.84 41481222
HR 16 38.51+3.85 39.67+5.89 4454 £7.60 4747 £10.55
HC 60 048025 6.23+2.38 6.18 £2.44 8.11+£2.57
=3 & 4Hi8) PDI'T ZBAE 1L-2 F1 IFN- v BIFRIE [ (xt5) %)
an AL 112 ShJE I TEN- y BHE L2 BB TFN- y
CDAPDI'T  CDSPDI'T CDAPDI'T  CDSPDI'T CDAPDI'T  CDSPDI'T CD4PDI'T  CDS'PDI'T
ND 45 2754854  1378+478 1958+671 2845895  27.94:10.15 1256 +4.05 2245945 5015+ 14.84
CR 35 27011212  1156+6.12 1445£678  27.02£11.65  26.12+1148  11.26+4.95 2056+854  4245+1251
NR 24 25461145  9.74:456 1254+845 26451141 2545:1140  1026£5.12 20121136 4046+ 17.56
HR 16 19.12+1021  10.05+5.15 1410£745  2497+1045  2487:1256 8724489 19581047  40.12+16.54
HC 60 2812987  1458%6.12 2045812  29.12£9.02  2801%9.8 1301%612 2312849 5545:16.87

#: ND vs HR, Fy,=6.157, 5.868, 4.563, 4.182, 3.979, 5.167, 3.179, 7.192, ¥} P<0.01; HC vs HR, F;;,=7.271, 6.162, 5.178, 4.781, 5.267, 4.892,
8.278, 4 P<0.01,
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24 B TIM-3'T tafe kP ULE 4, AML &
F A JE 1 F 8 T CD4'TIM-3'T #1 CD8 TIM-3'T
AN 7K SF-HA T HC 41 ( F=24.230, 9.101, 16.010,
12.540, #] P<0.001 ) , H CR f#E#h CD4'TIM-3'T
F1 CD8'TIM-3"T 4L /K-F- W] X T HR 4 (¢=3.986,
4.621, ¥4 P<0.001), 2S5,
2.5 A 408 TIM-3'T %8 fig /= 4 IL-2 #= IFN-y &)
x4

Rk £ WF 5. AML AR [E R B B 3 0 4
J&E 1 F1E 5 T CD4'TIM-3"T 4 s #il CD8 TIM-3'T
41 M 77 A= TL-2 1 IEN-y 40 B A 7 He %, HR B3
A JE I S 7 AR TL-2 FIIFN- v 41 i A 1 36 3k
JK B AR T HC 41 F1 ND 4 ( F=5.841,5.017, 13
P<0.001)

&A1 TIM-3'T AR T LB [(x = 5)%)]

SN i

IJﬁH n + + + + + + + +

CD4 TIM-3'T CD8'TIM-3'T CD4'TIM-3'T CD8'TIM-3'T

ND 45 28.34+9.14 28.83 +8.48 35.75£730 38.76 + 16.55

CR 35 23.08+9.20 2427578 32.63+11.85 3616+ 13.19

NR 2% 25.14£5.80 25.46+9.79 3437 +8.07 35.92 + 10.05

HR 16 3330581 3549 +6.65 46.18 +7.94 4835£6.77

CH 60 264+ 1.13 627+238 317+101 456+121

x5 F4A18 TIM-3'T 4008 IL-2 F1 IFN- v BIRIE [(x = 5)%)]

ail SR TL-2 AN TFN- y 112 6 TFN-
CD4'PDI*  CD§PDI* CD4'PDI*  CD§PDI* CD4'PDI*  CD§PDI* CD4'PDI*  CD§PDI*
ND 45 2215+1024 1429+7.15 1915785 4987+1678  2446+1121 13.15+454 18584957  54.58+19.25
CR 35 1512+701  1020+5.68 1545£678 47.05+1875  2044:1075 1121648 1628913 52.18+18.47
NR 24 1446+712  7.05+3.18 14544845  4645+1526 20211032  10.02+548  1522+10.14  50.66 + 18.44
HR 16 1286645  7.81+326 15264745 4523+1821  19.87+1024  858+4.13 1459932 50.26+1838
HC 60 2326+1048  15.06+7.64 19574861  49.12£19.05  2545+12.14  1422+732  1940£1052 55.87+19.22

¥: ND vs HR, F\,=8.172, 6.892, 5.268, 4.972, 5.175, 6.218, 3.768, 3.826, 3} P<0.01; HC vs HR, F;;,;=8.361, 7.028, 4.278, 4.279, 5.829, 6.170,

4.926,5.182, ¥ P < 0.001,
3 it

AVEBE R IR ( AML ) J2— P if 6 b eg
IRITRIOR 2, AL, HETH PRI RIRYT
AML BR8N, T 20 5 5 e M UALE i 75
SRR T B R e RS, B F s
21 i 1 R M5 5 RE S A2 aE Th 4 i T e k),
i i |8 PD1,TIM-3,LAG-3 #il CTLA-4 45 4 % fif
A5, BIEAARN Y IL-2,TNF- o Fl IFR-y 43R40,
W T 40H s U Tex 16 MR 0 K A K e &
FEEFEMNEN, Tex rTHIFHLARM R, 51 M
JeR 2 K A G e R I N AN e e, ARk R 1)
ARG, BEAERESE RIAWIL AML B B 86
CDS'T kL 4N DI RE 22k 5 AML B & 5 A R A
%, BB EmPUL . HF T IRE A
Feul | il & ek A ¢ B Y A RSN I
R AL S T AR S IR Tex WG 2, g
TN A2 e AU I S 22 U0 T AL, BE A A
GPERERALE S5 T s ) kA R R . TR,
WL T YT RE S0 FEAR A G e R o5 Pl RESEIRYT
AML FBE A R ] eIty T ik

AML 83 P 0L 41 i 5 B 5 5 s 4 i L

AL B 40 i AR AR, BEAZ S Thl 20 i AH 1A
M, LV T R RSZAR T 418 (T cell receptor,
TCR) , fih & T 40 38 5 Fosk 20 240 B 5] 7 28t 1k
R 1 4 0 i 2 4546 MY AML B2 2 b PDI,
TIM-3 %65 WA PERE AL o vl Ml G B N 2, A T
GfaFess, SRR REL, S5I%W0NER
A B R, 22U SRS PD1 &HAL T 41
M P PSS 5 AML S E R, Hith PD1 2
CD28 2 5 i — A~ T 2 4 30 o 1 B E ARG A
FEIEAL BN T 40 ( Teff 400 ) 1 Tex i %
i #3%, f4% PDL1 F1 PDL2 PiMECAR, 7E1E% %
PERRBDIRA T, PDI BEFH 11 TCR 7% 1k 15 518 5 4
ik, ELATHNE T A ISIIhe , &3 e db ik
FH U1 TIM-3 2 Tex 4 3 18 1 25—~ 55 22 A4 411
TP 2 A, R A A R RS TIM-3 Y R
R DIAE 1T

ST R AML B E AR E I ATERE T T 4000
SRERS A 5 (PD1 A TIM-=3) AUk 15 5 AML
PR & e R BRI, AT A, AML B
rh AR i RN E  PD R TIM-3 2634 B S 14
SR —2 ", £ PD1 A TIM-3 193k
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PSR GZE DI RE T AT MR RE ) N A ¢,

RERS AL 2F AML B0 19 & AR & 121, Ao 4

/N B 6 o CD4'PD1'TIM-3'T 1 CD8'PD1'TIM-3'T

AR A W] TAME I, TRES AML B A i

TR A AE B 22 B A PR S e DR L T 4 32 40

FPHE | GRPER A S Tex K P-IRRIINA X B2,

FESME MANEE S, CD8'PD1 TIM-3'T 4HHf A #ik

U ST CDA'PDI'TIM-3'T 4, /8 AML

FP R R R CD8 4B T 40 il D) e 3z 4

PR, 2597 R 1 CR i AML 35 40 & i

FEAE PD1 BRILY TR, B ARER LR

PETIAE, T NR A HR &1 T 4011 19 PD1

1 TIM-3 BLRHGAN, ATRES AML & 1075

F1 I 40 M 25 FG S 7 7 RO . F38h, HR &

# SN E A S B PDUT A1 TIM-3'T 40 M i 7= A=

IL-2 F1 TFN-~y 21 g K- F% 35 7K SF- B AKX B 4

FIND B3, FU AML &Kk 8 & G GRIK T,

VR T AMIFES, ANMEEH ¥R, reagfe it

e ) M B oAk
Zi Bk, AT A AML A [R] %505 B

B 1y S0 A 1 A0 CD4'PD1TIM-3'T 4l ffd

1 CD8'PD1'TIM-3"T 4l il % 3h 7K ¥, WF5E & B,

CR H. 35 51 JH] 1fi 18 6 rh CD4'/CD8'PD1'TIM-3'T

IR ND BF B B, HR BRI 2

SO R MARA OB, B T 20 i AE i BE D W] R

A1 i A A CD8'PD1TIM-3'T 41 fifd % 34 1

% T CD4'PDI'TIM-3'T; 734k, HR &AM i Al

HHE PDUT 4i ffL A1 TIM-3"T 40 g 7 7 2E 1L-2 Al

IFN- v 4R KB U BREML, 8 AML &

K EAAE T MR ACE I RIE 2, b e

P IL-2 F1 IFN-y 40 TS, 245 175

AR KR, BT, 7E AMLIGT R, gha

I PD1 T TIM-3 2 S e A i 1 3238 K28 1E

REAZ TN AML S5 25 i PRIG YT 7 RO s 1 114 13

JeFH
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