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Research Progress in the Differentiation and Regulatory Mechanisms of Tumor Specific CD8*T Cell

FANG Kun'?, FANG Yanfen'>* (1. Division of Anti-tumor Pharmacology, State Key Laboratory of Drug Research, Shanghai
Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, China; 2.University of Chinese Academy of
Sciences, Beijing 100049, China)

ABSTRACT: Tumor specific CD8'T cells are the major effector population during anti-tumor immune response, and their
differentiation states are closely related to the intensity of immune response and the responsiveness to immunotherapy. During
the course of cancer, CD8'T cells often exhibit an exhaustion phenotype, mainly characterized by decreased effector function
and proliferative capacity. In recent years, the high heterogeneity of exhausted CD8*T cells have received considerable attention,
with memory, effector and terminal exhaustion phenotypes being the three important dimensions for investigating the
differentiation states of tumor specific CD8T cells. Exhausted CD8"T cells with memory characteristics have been referred to as
“memory-like” “stem-like”, or progenitor exhausted T cells. This subset can self-renew and differentiate into effector like or
terminally exhausted cells, and is currently being considered as the main cell population that responds to immune checkpoint
blockade. The self-renewal of these progenitor exhausted CD8'T cells was found to depend on expression of TCF1. Terminal
exhausted CD8T cells is characterized by the expression of several immune checkpoint molecules such as programmed cell
death protein 1(PD-1), cytotoxic T lymphocyte-associated antigen 4(CTLA-4), lymphocyte activation gene(LAG), T cell
immunoglobulin and mucin domain-containing protein 3(TIM3) etc. The level of PD-1 increases as the exhaustion of CD8'T
cells getting worse, while TIM-3 is restricted to the terminally exhausted subset. Effector CD8'T cells are intermediate of the
above two types, and surface receptor CX3C chemokine receptor 1(CX3CR1) is enriched in this subset. T-bet is the key
transcription factor that drives the effector phenotype of tumor specific CD8'T cells, while TOX is a critical driver of the
exhaustion phenotype. Besides the above exhaustion states, the heterogeneity of CD8'T cells are also characterized by the
expression of surface receptors. For example, CD39 is an important marker to distinguish bystander and tumor-specific CD8'T
cells. The expression of CD39, CD103 and CD69 on the surface of CD8'T cells is closely related to patient prognosis. Moreover,
IL-17A and CCR6 suggest insufficient specificity for tumor cells and lower effector function. As tumor progresses, the memory
and effector phenotypes of tumor specific CD8'T cells gradually vanish and eventually differentiate into terminally exhausted
cells. Epigenetic changes and metabolic reprogramming are involved in regulating this process. The increase of chromatin
accessibility of exhaustion related genes is the direct causes of the exhaustion of CD8'T cells. Hypoxia- or deprivation of
nutrients-caused dysfunction of oxidative phosphorylation and glycolysis is one of the important causes. Moreover, the complex
and diverse immunosuppressive signals within tumor microenvironment, including excess of immune checkpoint molecule, lack
of co-stimulation receptor, etc. accelerate this process. Clinical studies have shown that T cell factor 1(TCF-1), CX3CR1 and
CD103 are correlated to the response of patients to immunotherapy, indicating that the memory, effector phenotype, and the
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tumor specificity of CD8'T cells are the basis for their response to immunotherapy. Tumor vaccine immunization and other
approaches targeting critical regulatory molecules have been proven to increase the density of tumor specific effector CD8"T

cells effectively and are expected to become new approaches to enhance anti-tumor immune response or improve immunotherapy
response. Together, this paper reviews the fate of tumor specific CD8'T cells after activation, the molecular markers and

transcriptional regulatory molecules characterizing distinct differentiation states of CD8'T cells, as well as the factors that

influence CD8"T cells differentiation, in order to provide a reference for more precise regulation of CD8'T cell phenotype and

enhancement of anti-tumor immune response.

KEYWORDS: tumor specific CD8'T cells; differentiation state; memory; exhaustion; effector
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Fig. 1 Differentiation fate of tumor specific CD8* T Cells
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WList (L 27 kAl . Sen SR IIANHE CD8T 4/
feid b, GO Rn R AT R B E W, B
AN F GRS G AR TR ME 1 25 S LU BRI R GA 1Y
ZESFH MW . fEFEME CDS'T i, Haver2,
Pdcdl , Batf SEEEPRI BT 1Y G (A R T IO B Wb 25 3
hin, RS T I S PR BT 110 A i A e 4 o T
JEH, B A A X A 2 DX AT g A I 4 5
CD8'T A% A BT o [RIINf Pauken 2514910 &
BL, Fe¥s CD8'T 4IMEEAT 5200 . iCiZ. AIHEIL
FEA T Ay FRWLis (2 5, BET PD-1 15538 i i
5 5 Sk R 5 R IR 0 0 45 A B I R T
CDS8'T 4L IRE, {H JCIE 0 i AR AH G 1Y
P35 A% 2 R AR o BT B — TR 58 R AN ] S
CD8'T 4l 4l & FHBIE T3 4i 8 oty , &
NEIMAZ, WI5EE K IBRFER A G Ah, Tex
SRR H I A /20801 A D PRI 3 iR - DX ) s R
AR, (HIXLE R KA G = AN AR IL, A4
T 22 A DG 2 53 PR P P R R 380 T 3 — 45 2R B0,

BT FRULEAL KSR s, fE CD8'T 2
i e, H A SR T R W E Bk, WIkh

P E AR F 252 2023 4 6 5 40 B4 12 1

CD8'T A AR KA, 32 2l i A AL R
fk(oxidative phosphorylation, OXPHOS)i#t1743fi#
R R TR CD8'T 4RI
SKBEYG, FEZAHEBACHE, JUH A AR
KereHfenr, T RERIFIET & A R T IRY),
PLSCHF H B PR v B 84 AN T RE Y A& 451
NEWG R EALAE it CDS'T A ffLic 12 F AW I i 5 2
FRB2, H A B ORARR I N SR R 1 6 B P e 45 FHIF
W3] Aok R S R M B R 2 CD8'T 4t ffIFE
Uy ) N — B HRARPY, A PIE KR B BRI
HASE MY, (AAMTES LI, CDS'T At
vy SRR E ZORR DI BEAZ 5 . OXPHOS /K-
IR DA RO T A it 2 e 7 0 R R, SRR ) e
S SRR RSO D REAR T Y 2 A
4.2 TME HyREfltEfs 52 CD8'T 4iiEsh
B 2% I8 B S M L A

i 98 1 i A i e e — 32 W b S A LA B 2
PR, PROHCAD I TR Y g 3= CD8'T 4
i S 2 BN AN BE 5 42 T 3 e 2g 4 i i) B i 2k 1A
RZS, TME Hag i A R S B i iR A5 5 2 i
XG5 EEANA, AL dE S 2 n e i o1
AW+ B ERYRRFRE

BT MHC 4r+ 2 PiEIRES, CD8'T
L FE IS AR T2 R BN E S, C&
PR RS2 R 45 CD28 | A S 3L T
(inducible co-stimulator, ICOS)., CD226., OX-40.
4-1BB 4%, PrlEfE ikl (antigen presenting cell,
APC) 3 T I 3 35 AH . 19 B4, 40 CD80/CD86
(CD28 fitf&). CD275(1COS Fif&). CD155/CD112
(CD226 Fifk). OX-40L(OX-40 FC{k). 4-1BBL
(4-1BB FCiR)45 . fEFEld e, CD8'T 4iifgskim
2 b fo g LA ] 32 AR Ak TR, BRI T 4 F Y
PD-1. CTLA-4, TIM-3 4}, 4 T 240l Goye bR EE
H A1 ITIM Z5#4J38(T cell immunoglobulin and ITIM
domain, TIGIT). kA% {3 3(lymphocyte
activation gene 3, LAG-3)%06571, jx b yie Jpi)
il 52 1438 i 22 b vk AR B Ak S R S, 4D
CTLA-4. TIGIT 43jl5 CD28. CD226 SEshsy
CD80/CD86 } CD155/CD112, {5t iitilfs 5
{18 [r) Bsf 1 s AR 5 %) LAG-3 BhRESE 1
454 MHC-1143 7, BfES TCR 455 F IR CD8
SRR LCK 454, FWNOG (551 T 1%
B0 PD-1 5 e 4 i B E AR 4l iR 1 PD-L1
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454 I W TCR/CD28 45+ T ¥ PI3K/Akt .ERK
GG FE AR AT,
55 5 RS 5 A % B B et 52 2 G H
B A TME B %5 2 4Pt 23 CDS' T
20 B R AR D RE R B TR

BEJE TME A A2 7e AR 07, Xt
CDS'T 20 R R T RE R M0 rT RE A P Ik, —
Jiid, RAESE PR EEE S BT La(hypoxia
inducible factor 1o, HIF-10)5 51 %38 1o {1 AR
fift 45 CDS™T 4 1) 14 58 FAk i T RES*, {H 55—
T T, SRR S R B R R R Rt
12 Y5 4 H i 3 (reactive oxygen species, ROS),
PELRRINREI NG T CDS'T 4 i & A FE
Uy, 1R ROS S ek B A BB 238 CD8T 4 it
ICB J7 32 i i 321

B T4, TME Wik Z A8 7Y, It
FORA AT, A AR T BRI K 0% A g 2 it A
W ek B A 0 T 1) M A HE RR FL IR, b R =
CDS'T 4 [ bt il S Z L i AR 5 4 o 8 (R
RO &R T BT 4 T i ARz R 2
X} CD8*T 41 il 3517 Ty R 1 B AS AT 36 (19 6 4930641
T RE 1) 00 0 2 200 GBS T At D0 B 8% B2 55 TMEE rh i)
HEPREKE, o CD8'T 4z v PR FIxt ICB
e ;1031 BRI R ) FLER YT CD8'T A=
RITIRe A E RZIM s . HIRET R FLR
A0 CD8'T 4HM A4 FE 5800 Dhfglecen, (A
T — e R 7R T FLAR B2 CD8'T 4l =&
FRAE PR Y BRI, 3F B B+ T MR A 2
FR191 R R KT CDS8'T 20 il it s miel v] fig s ELAT
PR T
5 S%EfriEmMNEXA CDS'T a5 Firs

CDS8'T 4HME A 3 AR 5 IG5 434k T
ROV DIRE R YIA G, W PE T 4 M e 75 X fo 28T
BorE A R, R SR BE A R E e 15 B T
PRI R 2 N ST S 2 — . Sade-Feldman 4517
AR A R B E T, ICB Y7k o 1
Jegi=iE CD8'T 4y A T = 1Y TCF-17 L5, Miller
MR PD-17CD8'T 4 fF iy TCF-17
L 5] -5 e 10 5 1) TG A J 2B A I LA B I A G
. Edwards 270 % Bl CD103* % %€ & CD8'T
Y S R B R B R B AR G . R R
YN 3k PD-1. LAG-3 508 KA 500 1, 4
LR, 76 ICB Jrikm b RN, X AT
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FELEIRIT G R B K . Yamauchi 25255 % PR,
AE /N4 i fifi 93 (non-small cell lung cancer, NSCLC)
SN I CD8™T 4l b i) CX3CRITEL 4 5 B
Wy E A A5G, H PD-1 HiiIAYT I, Z g
WR>20% 11 F 8 1 JC i S A A7 TR A AE AR
Chow “57E I CD39 7 4s 1 CD8'T 4y
e, TEHESZ ICB YT ik ny il B v, SR
i )i 4 CDS'T 4 CD39* He il s, H L filf
THI 25%M B FIRIT G 0 JCHE A A BT S A A7
WK, RaRIG R A SRR, Teex W AF
FIELA BN DIREN Tex WA K AT g G 3% b
AN]SR AT

BEAh, A —BERE 5T % BIR il 2 7 3 i 1z 114
CDS'T 4wt 47 T #£1F . Sanmamed % U217E
NSCLC BFE M ABL T CD45ROME CD45RA™
FEJRZL N (burned-out effector, Ebo)CDS8™T 4fififd,
Ebo WAFRIA = /K P A bR ) Ki-67 Fl 2 Fh G
Kty 501, %55 KT Eomes : T-bet LfilE, H
IFN-y RiLAFHRH S M1, CD8'T 4liffit Ebo
TV RE G (>17.5%) B NSCLC £ 2% ICB J7 5
N2, JRIT A B A AT I
6 BT CD8'T 4HAA LIRS IGain ME{E R /Y
Rz A

X} CD8'T 4 s ARSI R, ksl
07 240 0 50 1 o 44 5 A e g B 0 2 )
AT, MPRKE Teex 400 & e IFA2#E I [ 35T
I3k R LR A5 A A R e FE AR e A FE Y 56
HERE

D’ Alise SEPURIE, A MC38 K T HAHIE />
B 6 MR 7 IR 938 1 S0 % I P32 PD-1 BidRYR
J7, S PD-1 UL, bRd ST bk e g
H CD127'KLRG1-id 2 .CD127 - KLRG 1)
SR 5 R A S CDS™T 40 L A7) S e %o 45 4
RN, MR A AZ 3 B, LaFleur 074
UE SR 22 (R 8 1 2 PR B FR W 2(protein-tyrosine
phosphatase non-receptor typ2, PTPN2)ifl i G 1
R THE 225530 B ALK Teex WEAEIIZR
Giit. MR Pipn2 fetl A Slamfe 2 i3 56 731k
FEAE TIM-3YAE, (EXF Slamf6e Wi Y 4ER5 TG 52
Ml RIS I T 2R ) Pepn2 BEASfEfH MC38
Fe MR SE A THIR o FEREXMERYER) Ble SR
R, R Prpn2 WEWSR T CDS'T 4
Xt PD-1 FLARAYIE N, GzmB* 40 il He 491 &5 2 T
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HLes AR A2 3 b i L 2R . Liu SR8
MR R A AW AL 1A (lysine-
specific histone demethylase 1A, LSD1)LL$E5HT
TCF-1 W77 XM Teex WHFI4ERE, fRATHZCR
I34k. 7E MC38 [z MRS SRR R T
by LSD1 S E IR A4, TS R =
i CD8™T 24t A e MG i | A730% B[] Jd 3 4
F v TCF-1'"PD-1MTeex W #F L 1] 7+ & .
TCF-1"PD-1" Tex WA HLBIRRAL, 15 2 AN RE 20
5 e 34 0 2 HE N X R TR SR LSDI A2 #E T Teex
SR 1 TR T I R 2 A T 2 B 2R AN
55 LSD1 #l I HJ5 , PD-1 FiiRXt MC38 J2 F
S (A VR FHE— 2B 1 i, IoRiiR e Tex WA
20 it 5 R Y
7 5%

AR SC T bR e CDSTT 44 ik fviz
R0 ST AN O O = o VNN 1 a1 O 7 AN
B SR T A BGE AL IR R AR T A 4,
RGE T — BB CDS'T 4o LR A 1 i b B g
o RE R A ISR ZE M) . CDS™T 20 il ik o 1t s
N E ROV M, WIRRIACRE, A RdTip
T RPEN A T BAEICAL . SN . KB 3 RPN
) SR AR P, DASRAS S 22 A A% 4 A, T
TME H A1 R Bl B 58 G 0 R0 WY 3 o Bt 5 X
CDS8'T 4l s fkfivic K pLil T fE iz iR A
TF 55 AT K AT AL 2 8 DA ol ol 5 e g o S
CD8'T ZHMITIRE , IR Gy Tk B I 2k
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