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Research Status of T Cells Directly Reprogramming to Other Immune Cells
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Abstract The T cells, which are often applied to cellular immunotherapy, are terminally differentiated
circulating lymphocytes. In current cellular immunotherapy, the patient’s T cells, which are activated, amplified or
genetically engineered in vitro, are injected back into the patient. Although this strategy have been proved effective
in cancers such as melanoma, lymphocytic leukemia and B-cell lymphoma, the majority of T cells amplified in vitro
are effector T cells. The effector T cells have limited viability and are difficult to maintain their antitumor effects
for a long time. Therefore, less differentiated T cells are the key to improving cellular immunotherapy. At present,
highly differentiated T cells can be directly induced into less differentiated T cells and non-T lineage immune cells
through cell reprogramming. At the same time, the induced immune cells have strong proliferation and antitumor
ability, which is helpful to develop new and more effective cellular immunotherapy. This article firstly introduces
the development and differentiation of T cells, focuses on the research progress on direct reprogramming of T cells
into different immune cells, and further expounds the functions of the induced immune cells, so as to provide a ref-
erence for the further in-depth research and application in cellular immunotherapy.
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Fig.1 The development and differentiation of the human T cell
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BT, i Bk E gk R 3 g
ITNKsF E VR4, HARRE 17 TCRE K HHERIFFE
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MaThee, H 24 0T RefE 5 5 0040 B Rk 2 8 T4
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A4 FH A1 B I TR MO AE AR 4H i, TCRIE R S HEmmT
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Table 1 Results of direct reprogramming using T cells as donors
A2 ST IR PR PRI RFAE 753 B I
Donor cells Induced cells Coculture or Species Characterization of donor cells Characterization of induced cells
operation
Recently dif- Induced stem 1L-7 Human CD45RA, CD62L and CCR7 Co-expression of CD45RA, CCR7,
ferentiated CD8"  like memory T weren’t expressed and CD45RO CD62L and CD27. They didn’t express
Tewm cells cells was expressed CD45RO
Activated Induced stem OP9-hDL1 cells  Human Co-expression of CD45RO Co-expression of CD45RA, CCR7 and
T cells like memory T and CD95. They didn’t express CD95. They didn’t express CD45RO,
cells CD45RA and CCR7 and exhibited stronger proliferative
ability
Activated Induced stem OP9-DL1 cell Mice They were high expression of They expressed naive marks, CD-
T cells like memory T CD44 44°CD62L"
cells
Activated Induced central OP9-hDL1 cells  Human Co-expression of CD45RO Co-expression of CD45R0O, CCR7 and
T cells memory T cells and CD95. They didn’t express CD95. They didn’t express CD45RA
CD45RA and CCR7
Tumor-infiltrat- Induced central Histone deacet-  Human Low expression of CD62L and Compared with donor cells,
ing lymphocytes  memory T cells ylase inhibitors CD28 they increased expression of CD28 and
and IL2 CD62L
Cytotoxic T Induced central Histone deacet- Human They didn’t express CD62L and They expressed CD28 and CD62L,
lymphocyte memory T cells ylase inhibitors CD28, and expressed CD45RO highly expressed central memory-
cells and IL2 associated genes, and low expressed
effector function-related genes
Tumor-infiltr- Double-negative ~ Overexpressed Mice They was responsive to antigen They was unresponsive to antigen
ating cytotoxic T cell Sox2, Oct4 and stimulation and expressed CD8 stimulation, had Stronger ability of
T lymphocytes Nanog proteins survival and proliferation, and didn’t
express CD8
T cells Induced T-to- BCLI11b dele- Mice They had T cell properties They had NK and T cells properties
natural killer tion
cells
CD8'T,CD4" T, Induced T-to- BCLI11b dele- Human They had T cell properties They had NK and T cells properties
vd T,and MAIT  natural killer tion

cells

cells

NK cell: HAAAG4HM; OP9-hDLI cells: ik ADelta-like 1/{JOP94Hf{I; OP9-DLI1 cells: %12 il Delta-like 1/1OPZ fill; PD-1: #2 /7 PEAET -1
NK cells: natural killer cells; OP9-hDL1 cells: human delta-like 1 expressing-OP9 cells; OP9-DL1 cells: mouse delta-likel expressing-OP9 cells; PD-1:

programmed death-1.
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MF, FHAr 2468 )0 0 B8R T T TS5 40 i, I H
£70%K i Tsem 2B HE TN AR BE T Tsom BURFE o
Tsond USRS /N R AR NS HE, BiTsemHBATAE
TN A AE 253 2 /0N BRI bk B 28 B Hh Al A6 0 1,
{ER TN AE 552 /N SRS 3 /N R Y ) R A
T RCS, X et 5 45 SRR B Tscem 2 A BE PR i 1 5
Fortk, BA HIRE#6e

TsemZH BEAMN 2 A H 55 PR 388 B R 1 R BE T e
73, T ELXH 200 A R ST AT T AT P, IR
TTsem M A R RER. FH -3k 4k M BivRg o gis v 7 BRes46l,,
W T R I, TNk B3 5 57 P i Tsem @ HEAE /N BR
T4 i 9bk B 58 A5 28 o o o] e 24 i AR G, FL
R U i 5T T AR LR R 5 1 Tt M R A T
TS, [FAE, 78 NJRAL EBR 5 5 AL R # 7 |
EBJF 7345 57 1 1 Tsen M i 568 96k B B 20 it 28 545 04k
VEF, T H I AmH1 25 BE 5% T EBYR 845 5 14 Tow
AN TemZH B R, T ol AL AT 38 K B i 1
A, 185 1 MR N BRI TS 26, A T gk g e
TIEIRTT o

BT iTsondB AR, iTson i C 1 N 3
CAR-THH M6 7 403k, 4 533k — 25 U0 Jfge 1) g
77o CAR-iTscndM M §E 5225 Jk > /N RN A I N
PRI B 4 B s A A, TER R AR S 7~10
RIVT5E AT BR T /I B P9 B0 N 2 ok L 4t e 9 of
TR, (H2E CAR-TANAREL B AR . 74, B
TH CAR-ITsemZH LIV /N BRUAA N AFAE 70% LA 1) Tsendtl
MR BURFIEI TANME, ST, 54 CAR-TEHMI /) iR
PR AN AFTE 29 16% 11 TsemdH i 3R BURFAE 1 TAH R U,
XL R B, CAR-TsendHHBHLAL S CAR-T4H Y
A = PUMIE R 71, BA KA TR 1E 77

IRAE H BT iTson@H AT T FRIRFERIINRE , 1 Tsem
REfR P AR A0 K 1% 9% 1 T4 M A A5 BE 74 R A T4
P v 5 1) R, RN S R VR T SR A T — A AT R
PIVETT Mg o B R N T CAR-TAHMII TV i
YR ST RN PR R S, BUA B R T BT H .
SRTT, D% T iTsem@ M A T3 gk PR E S B2 ¥R 97 1Y
B 5538 A3k 1 AR I B B, 17 H K 22 500k 7 A AE
YRR AT o AN, 1T sond M 7E 40 i S 28 VA T
Ha] RESR ALK S M, XA T RS B0

iTsendBBIR A B S PUE , EMR 50T F78% e if
%o DR, BHIF TAE#E MR Tson @ ITE B3 5
G 9% (AR I DA JCAE A4 9 4 AL S5 10 R, A
AT BEAE IR PR B FH H 1 i 3 i Tsem AR F
5.2 IFSMTHBERRGHEMJATNKS)INEE

H AT, ITNKsA] B A FI/N R T4H 5 5 0 K,
Je— PP B TN NK YT B RFAE /) e e difie . A
ITNKsRIEF IR E A RK . CD5S6MINKp30%E NK
YT AR DG FE DR RN B (15, IR A4 A A 2= A
JUN. CD3HICD4%5 T4HMuAH G KR A1 8 1 T #E T
CD3/CD28. #i NKp30=i#i NKp46Hi iS5 fll i~ &
RE 70 WA IEN-y Al TNF-a %6 {2 2 40 B A F- . A ITNKSs
W BELEAR AN R 2R K5 6240 B« A\ T 5659 400
b D e DR S (E DS NG 8 ¥ R b N k1
J 1 L 40 B R B A PR A A A 5 1 . A TTNKs A
ARSI B A R g 4 B AR, i ELAE A4 A A
ReA AR A . A TTNK sFE 1 K 5624 it b B 1)
T PEZ BN, BEAK T /N BUME A, R T /D
BTG I R] o 55K 56248 i b B 1) G2 52 451 /)N BRAHALA,
ITNK s B8 i) FFF44H s N\ 9050 S5 o A A A 28 1%y SIZ
AN, T H ITNKs VRST80T T4H A NK 41
H U031, [RIRE, /N B TTNK SZE AR AR 50 5475 /N B S8
ORI A B 16-F 1O bk R Rg 4, ZEAR 9D 1
NRBOFRFERR, I AAKEH IEF MR, X
LEAIE 75 45 FAIE B ITNK 3 2 T M5 NK A 47
SR O B AH A T RE , BRI I BV R A
T 968 A4 L, A A0 A o) o A AR S AR TR

AR, TTNKSs &4 B B A P 2497 ik,
PR T ITNKs I R 35 g I ee 7 . it
FA R I, 5 ITNKsBR IE R 7 D1 1) CAR-T4H i
FLL, 15 CAR-GPC35{ CAR-CD 19 ITNKs7F {4
PN A R 40 A B8 A N CD 191 K 56241 ffd 1) 24 ik
R T H %% CAR-CD19f#] ITNKS7E A4 A}
NALM-640 i B A R AG1EH , 1H2 ITNKs AN BE A4
ZAI R U, i, H CARZ: T4 [ S M g 47t
JRVBE T I ITNK s A 51 17 ITNK s R 5l Ji8g 1 57
P, T AR 2558 7 ITNK s[4l &1k A4k,
ITNKSs O A R FH 21— UG R 78, 3 0P A5 7 15 15
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