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Abstract

Leukemia is defined as malignant neoplasm of blood-forming tissues, which characterized as ab-
normal proliferation of leukocytes. The main treatment includes chemotherapy, allogeneic hema-
topoietic stem cell transplantation, immunotherapy and cellular therapy. Recently, immunotherapy,
is an emerging novel therapy and has achieved dramatic success in clinical practice, especially for
chimeric antigen receptor (CAR) T-cell. The basic of CAR-T therapy is tumor specific antigen, this
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review summarizes related potential tumor antigens in leukemia for CAR-T therapy.
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1. 5|8

CAR-T 4722 B A (41 L5 5 RIS RO S 28 9607, KX A G S B8 I6 7 T &, CAR-T 4Hst (1
0976 40 M LA B ) 2 0 e AR e o T I % 4 L 5 A5 AR CAR-T ZEBIATT HOJERl, DRIt
SARFEAE ) G0 Y T S AT L S VT U 5B

2. fEREMR
2.1. BB EHTRE Y (Lewis Y Antigen)

SR Y RS T E AN IE R S Lewis M FTRM 00— FhaEpE, B TIEEAHUR.
HEEERD T £ Fh 2k £ A L5 (acute myeloid leukemia, AML)ZHI 2 UL & AML H B 86kr 4§ Lewis
Y FIRIBTE ML, KILZF AML 40015 Lewis Yo BE/GARATIIE T Lewis Y CAR-T 40/, FFiESE T HxT
Lewis Y FH 1 AML 40 A i %5 S 25495 2082 1] Ritchie Z5[2])52 0 1 Lewis Y CAR-T 40697 4 19 & s AML
BF IR R, R P MR /E A, {2 Lewis Y CAR-T 40744 Y A2AE I B Kk 10 M H L FFATEE
8 B g S0 R A% — B FEFE (R S8 38, AEBH Lewis Y 1EA AML 677 ¥ 5 HAF AT 4T

2.2.CD33

CD33 4 F /2R 45 G MEVR IR K15 RS2 Ak, J& T8 R /AL DU, 8 28 RE SRS AN G s B 25 rh i 428 E1 4t i T
. 90%[1 AML 4K 1 /R IE CD33 401, AML [ I 141 (leukemia stem cell, LSC)JNE FRi%([3],
[Hlifi CD33 7 T AN AML FIERARVR T HE . 523 K EB i Eie e 550 T 408 (EBV-CTL)
% T CD33 CAR-T 4iiff, FFAEMRANSLIEG AN/ A AL e S [ 0 AML 48 () R/ E (4] —BIxER
P AML #E 4T 7 CD33 CAR-T i AR, s an resE 2 A5 53 T, HEE W
WTEREANER. BREERE CAR-T M7 EHRNFREAA/E, HEHERRIET(S5]. STk,
CD33 CAR-T 4 1122 4 PE RN 25405 20087 iR 75 3F — 2PAIE SE . B dlt Minagawa 25 [6 /4% T &4 715 Caspase9
HRFEI CD33 CAR-T 40, A/ T AR5 AP20187 15 SiE R, A H ] CAR-T 4iLia )T
EEREIER .

2.3.CD123

Jordan Z£[ 714 1 18 5] AML B3 (B #bnAs, KIN 16 27 1) LSC &m#Kik CD123 73+, TMIEH
12 1.4 fitd (hematopoietic stem cell, HSC)JL-FAKIA, ##75 CD123 ] fEs2 LSC K MR & . Mardiros %
[8]E X#RkiE T CD123 CAR-T 4HMu%T AML 4 e R R E R, IF R WIEH HSC AfaR. HAr
CAEEIFRET CD123 CAR-T 4 — i PR 50 DAE SE I RIS F 14 22 4 M AT R PE(NCT 02159495,
NCT02623582).
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2.4.CD38

CD38 7 TR R, AL IR BN & S e, 7E 2 Ml R =ik,
Keyhani Z£[91H/F 7T T CD38 7E 304 1] AML i35 Fl 138 451 S bk EL 41 2 (1 11975 (acute lymphoblastic leukemia,
ALL)EBE FRIETN, KIL 41%F) AML BE 1 56.6%1) ALL B3 %iA CD38, {HAEAH] FAB I
TEHEZER  AATIE R P CD38 FiLK ARG M %, CD38 ik BE TG BT . BT Yoshida 25[10]
WESET CD38 CAR-T 4%} CD38 FHM: AML 41 i 4 = PR AE FH 4 e xU4E R T 5 5 CD38 Rk It
5% CAR-T UM ARG 1E A

2.5. CD44

CD44 73— M FERE AL MBS IR R ), AAAE 2R ik, HAR R4k Ve fE2 Fh AML 41
K[ 11 EAEFEN T, CD44V6 (L FRIE T BAZ 41 M, HSC DL K itk 40 i e IA A B, (B4E AML B 1, CD44V6
g ML 40 A K 75 431 - CD44V6 CAR-T A AE f4 N AR SEEG Hib % AML 40 A e e A A
X HSC JLFAEH, HREAG AR AN, IR PR B A HE R 51N U B8 4 A A PR S5 R e
Mi[12].

2.6. CD70

CD70 4 F & — P S0 R T KR s i 1, 32408 CD27 43, IEWAEFE N T R 8RET
EAGE) T AR 4. CD70 5 CD27 WAH BAEH a2 db4i i )34k, ST CC33 5 CD123,
CD70 fx KL AE T H&iAF AML M1 LSC 1Mk HSC [13]. Kaufmann %5 & BUAE [ 1195 20 3 5 22 fid 15
) CD70 5 CD27 HIRIEHRAKZER, EEPEH, CD70 5 CD27 MIFIEE R T £ 38 {51 25 £, R4
WFFCUESE CD70 Uik ny B 5 BEWT (A 075 40 A i 34 48 14]. Tim Sauer HCHTRIE CD70 CAR-T £/ AR AL A
AIRE SRR AML 48 T AS §2 08 1% 1) CD34 + HSC [15].

2.7. NKG2D BEg{#F

NKG2D A NK A igib sz ik, HEARRA 2, G5 MHC 1R FHXEAS, EIERAHAL4
Jf A RS LA, AFLEE 1 005 20 R A G AN R KSR A, NK A AR LA NKG2D Ak i i 75 2075 32 08 e ic
R A MR 4 [ 16]. Nikiforow £5[17]520 7 NKG2D CAR-T 40t i) — Wil AR iR 5, #12B4ESE T NKG2D
CAR-T 4% AML T8 15 F DA B2 e R 2 1) 22 4 1

2.8. HELSZ{& f (Folate Receptor 8, FOLR f)

RS2 A4 R 2 KPR R 1, LAY B Rk TSR A% A &, 75 Hh PR KA A2 A0 A B B A 40 i %
E A FR RO I R8T =, 2P0 E &R B 3 s R . PRI RER T FOLR B i T8 5 S 1 E A
RNEEGESHRR, T A ML 400 FOLR B AT 45 & R 18]. A W58 & I 4 S 248 FH R vl 3 13 10996 40 i 26 1
FOLR f[19]. Lynn Z£[201#]51ES2 T FOLR # CAR-T ZHf%} FOLR A FAE (A I8 40 M i A A 1, T xet
HSC TAEH . e 4EF IR AT _E il FOLR g %k /K1 I 55% FOLR B CAR-T A0 Bt /is 8. H AL
EFIF 25 A1 /) FOLR B 8BS 48 Fr Bot T CAR-T 4if, bt A Mms 28 2 2 $2 = (p < 0.01) [21].

2.9. FMS #E R B #ES 3 (Fibroblast-Macrophage Stimulating Factor Receptor

Fms-Like Tyrosine Kinase 3, FLT-3)

FLT-3 2 1117 32 1A % G BRI g 5 e iR 01, 35T 90% LA | AML 4R R 4> HSC, Ik 40 A ik
FLT3 CAR-T 40Jf3/E/k A Ahscit b8 ae 505 FLT3 BHYE AML 400, /N 4k A HSC R AE S 4y
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HREFITERZM[22]0 A 20%~30%) AML 354 kA= FLT3 &K N3 5 B E B 7 41 48 (FLT3-1TD), 3
1of i S B A S R HE MR 3% 4k, 275 FLT3-1TD A5 A BB AML S 1697 §E 55 (23] .

2.10. C B EBEFERESDF 1 (C-Type Lectin-Like Molecule-1, CLL1)

CLL1 Z#E R MMPTIE, N—Fp 11 BB E A, RIET 90%LL F AML 40, 3 25835 T AMLCD34
+ CD38-F4HfLifi 7 IE % HSC A3Rik[24]. HAETIAH, Eduardo %5[25]#4% T CLL1 CAR-T 47
ARSI A Re R S R A AML 41, 1% HSC BfEA . Zhang Hui 25#3& T CLL1 CAR-T M HTFIRIT
JLE R R/MEE AML IR R0E, 7E9R97)E 1 N H WIBEE CR, A R M1 24 sl 5 2
iy 52 P R 4F[26] .

2.11. R - EXEYERREETERIBE FF 4 (GM-CSF Receptor, GMR/CD116)

LA AR PR I A I B8 3 (IMIMIL) R - [ 038 4411 B 4 9% 13 TRl - (GML-C S5 538 4% e 2B 5 (R e AR
Ja R NFT GM-CSF )35 FEfUE, 1 HSC WIANEUK, #78 GM-CSF A Al GE/E N IMML 7697 #E 55,
H2EUES T GMR CAR-T 40 AEHT#] IMML ¥ A\ CD34 FH 4R 5E, 1t 1E % CD34 BHAE: 40 i o0
HER[27].

2.12. T #Rpas £k EH 3 (T Cell Inmunoglobulin-3, TIM3/CD366)

TIM3 & —Ff T QAR A7, WA T AHFEE, RN HERES & FEE /40004, 75 AML
1, TIM3 515 T AML LSCs 1fi#£ HSC HANKIE, Al IFN-y, TNF-o 5400 K717~ , AML [
PN it A R[28]. He SFIB IS I K — P 7 17 51 s 1k e R FOAN PR A 2 (STAR) R 48, #4EE 1#E A
CD13 1 TIM3 [XUREF: 1% CAR-T, LEARNHMSge ] A7 %01 5w 05 AML O 4, 17 HSC )2
PERRFEAR(p < 0.01), BR$IT X IEH#EEE T 19413 [29].

3. HEZHk A mfE
3.1.CD19

CD19 732 54 % B UM 3L 32 4k, 7E1R45 & husn 3558 B 20 iiG S 5 1% 2. CD19 (URIE T
B 4, fERER. AR EZRTARKIEB0]. 4K, LLCDI19 MHE R E i S iayT s 1 B oK
&, ZAFEBIAIARIESS T CD19 CAR-T A RIHT A Mk RN [31] [32] [33]. CD19 CAR-T {E¥YT B
R E bR S B R, KRR R IR IS AT 5IESE T CD19 CAR-T 4HHE AT A L7 2508 R PR 22 4= [34]

3.2. CD20

CD20 4+ F) iz RIAT B 4, 2520087 LK B 40 ies . 591, f£25 B 4/
I iR AT WLERIA[35]. CD20 MIFRIA S A M FUG A 0C, JLEE K BN BT B 4 2P Ik B 40 i 1 1 s
H, 35 CD20 B TR AR ZE[36] [37]. ¥EIA) CD20 (1) 22 Fh i 5w PR AE I PR IR B P O o H AR
TBIT R [38]. Keisuke FE[39]K 8 CD20 CAR-T 40Xt CD20 Stk v 14 bk U 88 A0S P4 Ik B 40 i 11 1 s
(chronic lymphoblastic leukemia, CLL)4H il B A7 5451, BI# CD20 ik KA AR

3.3.CD22

CD22 43T R B E AIFE B EE R R IR E B 01, |2 RIET 1R B 410 & B &R s 41 i . 4% CD22
G 55 75 AP A L RN IE S J5[40], Waleed 2541188 T CD22 CAR-T 40, JFRERLA A& B
JBREZL 2 0 1 1197 41 i (B-acute lymphoblastic leukemia, B-ALL), JHAMitfl 138 & B R AL 4F /& CAR-T 40
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R F W R . £ —BIERRE T, CD22 CAR-T 4UfiGI71# 70%LL A& B 40 i 2k
TR ES S 5 75 BB SR A e e 2, HoP S CD19 CAR-T Gy 5 8 kK BE42].

3.4.CD23

CD23 7 [ 1155 B 40 b s Rik, 1 IE R B 41 3Rk 7K FARAR, 72 vk B0 A 1 s 1 35 AR VG 7 B A
CD23 CAR-T 4iffi%t CLL 401 54515 CD19 CAR-T ZHjEARML, (HXIEH B A& R B 2K T
CD19 CAR-T 4Hffi(p < 0.05) [43].

3.5.CD5S

CD5 7 ¥ B T k4 R bR &, 78 80% 1 T 9k EL4H B (4 IfL9% (T-acute lymphoblastic leukemia,
T-ALL)FI T ZHHk R R 33k, (HERIMeEdni, HSC B manffudgARKE, FiHnfelEn T
1T ST R ) G VR T T R . T APRABERIE CDS, (HA#R /2 Mamonkin %[44 & IULERE JeE717 CDS
CAR R /5 T 4/l CD5 #IiAE 2 %, i CD5 CAR-T ZUAED H S EAT R R, (E/KA1RE
BRI 34 IR e 1 B e MU AR A . 384T 22 FIH CDS B NK ZHfai4 2 7 CD5 CAR-NK 4if,
WX} T-ALL A 3R AG7EFH[45]. HATCAH CDS CAR-T 897 T 41 itk 2 Rs 7F i

3.6. CD7

CD7 4y TRFET T 4N NK 40 LS e A A0 40 M b s op R B, A 3k 76 580 T 44
MEAHIIER, fE2480 T A A Ak SR b s Rk . A7t CD7 CAR-T 4 H T IEH T
MEH MR RIS CD7 29 ™ BN EARRGILR, 3 6] CAR-T 405 A A S T (p <
0.01). {HRH CRISPR/Cas9 A% CD7 HEKEHH CD7 &HKXEMAMMH] CD7 KikFHEK)
CAR-T AHiffieted 14, HAMMATIDIREARSZ RN, FOXF T bk 20 A 5 L0 248 0 P 3% 00 S80S A A A 411 i B
WSS B IE SE[46] [47] 0

3.7.CD3

CD3 7 f7& T 4R TbrE, |2 RET T 40BN, G %EFIH NK92 40 R i4E T CD3
CAR-NK92 4Hffd, UESE 7 H X CD3 BH 4 1 5 48 i S ik E2 98 4 ) R AT VR, IR AE /DN BB i 3R B H 470
J IR R o B AR CD3 CAR-NKO2 4t 2 545 1E T 40 A, {H n] LASE A T 528 T 40 i e 83 1 i Y V67 s
A e Ik b i 2k B 1 40 M A A 1) 25 (48]

3.8. ZIAEEEESHERHEINLSZ4E 1 (The Receptor Tyrosine Kinase-Like Orphan Receptor 1, ROR1)

RORI 7 FJ& T 2B R TR PG S e il 08, 7 EL4E 2008 bk T 40 B 1 i 11 22 ke B 4 S e 8
FKik, IE% B A KIA . Hudecek Z5[49]3FSZ T ROR1 CAR-T 41 it e 5 1t 2445 ROR1 [ fi 987 4 i,
X IEH B 4ifiC/E . dhat, fiTiE &I CAR [ A a) b7 51K B DL K B il A8 1 BRI SE R ) & 8
i) CAR-T AR RE J1[50]. BT ROR1 7E NFEAERME b BoA = B AR, Berger 555110 FH B
FAIYIEIESE T RORT CAR-T 4ifsE R &KW rb i) 2 4t

3.9. #{LEFZ{& 4 (C-C Chemokine Receptor 4, CCR4)

Tt 7521k 4 2 G EAMBCZAF R G 2 —, fE2 5 T GBI JCHR B T 202 1 i
i RIE, 4k CCR4 How BEHUARIPT A MW /E I BESL S, AP EE 7 CCR4 CAR-T 401, XSk
N T 200 9 L5 4 0 55 2 il CCR4 FH A b8 200 i 2 300 L1 3% A0 I 521 -
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https://doi.org/10.12677/wjcr.2022.121002

JEIEE 55

3.10. PARREL M B4 B 2 {F(Thymic Stromal Lymphopoietin Receptor, TSLPR)

TSLPR 73 1-H1 CRLF2 ZEH b, SHINERS & 52 5k MG E R, FL B-ALL & HT
CRLF2 B[R R TSLPR it Kik, FHREE KM &R, HIT TSLPR A Al GeE i &k 7 B i A
YRITHE S . Qin ZE[S3]UESE T TSLPR CAR-T 4Hfgx TSLPR i 3Rk (A M4 A e, JE R IR
/N BB AR P R B R 76 F 5 CAR-T 4 45 #

3.11. ®&ERFER IgM Fc B2 Immunoglobulin M Fc Receptor, FcuR)

FeuR B FR A Fas JHT- %1407 3, FEATEMMAMEAL, 78 CLL &KL, Faitschuk Z5[54]K
MSIER B 4iUAHEL, CLL 48 FeuR AIZRIE KB E TS (p < 0.01), FcuR CAR-T 40l e = A%
CLL #4tiffd, 1% iEw B 40 LF/EM, #2758 FeuR A AT REAEN CLL B %0 y7 4 .

3.12. CD4

CD4 7 FAEZH0 T A ER A T-ALL H3#43815, Pinz Z5[55]FH CD8 FH%E T 4Hfgia I CD4
CAR-T 4ifig, FFUESE 7 HXE T 400 1y 0988 CD4 P T 40 s = R 1E . /R%F CD4 CAR-T 41
Mo R AhIEH CD4 FEYE T ke i, (24 0] ge R H T3 /Nk B m AR G b, FF5 5 90 140 B F% fE B
BIRTT -

3.13. x BH%(K Light Chains)

JLE CAR-T A £ B 400 Iy b 1697 FERAS 1 5359723 {3 CAR-T Mt AFAE 2 Fh #RIME
BN, IR B 4 TR 1A CD19. CD20 %4> T 1M %2 2| CAR-T 4ifa ) By, F 8RR S 52
A DR GME S . T B A L I MR A7 AR S B ER TR AR RERR ), B SRE w BEEL A BE I —Fh, DRI
B e [ 4H MU R BE 1) CAR-T AU A Bl ik by — PR BRI IE S B 4iiffl. A2 UEsk 1 HEIn) « BRHEN)
CAR-T ZHfi(x-CAR)X B R A MR, BEEAMAIFR T -CAR Al RiALS:, VI IESE T
k-CAR 20 J i) 22 A PRV 81 [56] [57]

4. INESRE

FAHM CAR-T 400677 mURAE A MR AIMER LSC Emdis, MAEIERAZ b ARE, JEH
& ML AR AE R L D REPT L R 1O 70 1, AT A 280 S kg 63k o (HL ) TR 20 G e i T 7 4 A B2 i
FERE e, AR IEH AR #RA A F KRS, RS SRR, AR EEIER . PRt
A fR] $i v X e B s P W PR IS 22 4k DA 34597 BRVR 97 BE i 50 FL R 3 G S iy O I B e 4R
s CAR-T 097 (A RvE AT 22 e PE 7w, W e e AW 2 RS T &% e R AR BOR BOE 4544
WA CAR-T Pk, S5HAMTUREZYIRIBRG R, SGE SRR B MR A B, IS AN AR,
i T 2 BT AS FIFE AU CAR-T HYFERIBT 705 I PR SR IR T e, oA 58 2 45 3 vk S 0B iRy 7 38 s R L,
25 A U A A R A B

SE

[1] Peinert, S., Prince, H.M., Guru, P.M., et al. (2010) Gene-Modified T Cells as Immunotherapy for Multiple Myeloma
and Acute Myeloid Leukemia Expressing the Lewis Y Antigen. Gene Therapy, 17, 678-686.
https://doi.org/10.1038/gt.2010.21

[2] Ritchie, D.S., Neeson, P.J., Khot, A., ef al. (2013) Persistence and Efficacy of Second-Generation CAR T Cell against
the LeY Antigen in Acute Myeloid Leukemia. Molecular Therapy, 21, 2122-2129. https://doi.org/10.1038/mt.2013.154

[3] Mcmillan, S.J. and Crocker, P.R. (2008) CD33-Related Sialic-Acid-Binding Immunoglobulin-Like Lectins in Health

DOI: 10.12677/wjcr.2022.121002 12 SR k7T


https://doi.org/10.12677/wjcr.2022.121002
https://doi.org/10.1038/gt.2010.21
https://doi.org/10.1038/mt.2013.154

JEIEY 55

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

and Disease. Carbohydrate Research, 343, 2050-2056. https://doi.org/10.1016/j.carres.2008.01.009

Dutour, A., Marin, V., Pizzitola, L., et al. (2012) In Vitro and in Vivo Antitumor Effect of Anti-CD33 Chimeric Recep-
tor-Expressing EBV-CTL against CD33 Acute Myeloid Leukemia. Advances in Hematology, 2012, Article ID: 683065.
https://doi.org/10.1155/2012/683065

Wang, Q., Wang, Y., Lv, H., et al. (2015) Treatment of CD33-Directed Chimeric Antigen Receptor-Modified T Cells in
One Patient with Relapsed and Refractory Acute Myeloid Leukemia. Molecular Therapy, 23, 184-191.
https://doi.org/10.1038/mt.2014.164

Minagawa, K., Jamil, M.O., Al-Obaidi, M., et al. (2016) In Vitro Pre-Clinical Validation of Suicide Gene Modified An-
ti-CD33 Redirected Chimeric Antigen Receptor T-Cells for Acute Myeloid Leukemia. PLoS ONE, 11, e166891.
https://doi.org/10.1371/journal.pone.0166891

Jordan, C.T., Upchurch, D., Szilvassy, S.J., et al. (2000) The Interleukin-3 Receptor Alpha Chain Is a Unique Marker
for Human Acute Myelogenous Leukemia Stem Cells. Leukemia, 14, 1777-1784.
https://doi.org/10.1038/sj.1eu.2401903

Mardiros, A., Dos, S.C., Mcdonald, T., ef al. (2013) T Cells Expressing CD123-Specific Chimeric Antigen Receptors
Exhibit Specific Cytolytic Effector Functions and Antitumor Effects against human Acute Myeloid Leukemia. Blood,
122, 3138-3148. https://doi.org/10.1182/blood-2012-12-474056

Keyhani, A., Huh, Y.O., Jendiroba, D., et al. (2000) Increased CD38 Expression Is Associated with Favorable Progno-
sis in Adult Acute Leukemia. Leukemia Research, 24, 153-159. https://doi.org/10.1016/S0145-2126(99)00147-2

Yoshida, T., Mihara, K., Takei, Y., et al. (2016) All-Trans Retinoic Acid Enhances Cytotoxic Effect of T Cells with an
Anti-CD38 Chimeric Antigen Receptor in Acute Myeloid Leukemia. Clinical & Translational Immunology, 5, e116.
https://doi.org/10.1038/cti.2016.73

Legras, S., Gunthert, U., Stauder, R., ef al. (1998) A Strong Expression of CD44-6v Correlates with Shorter Survival of
Patients with Acute Myeloid Leukemia. Blood, 91, 3401-3413. https://doi.org/10.1182/blood.V91.9.3401

Casucci, M., Nicolis Di Robilant, B., Falcone, L., et al. (2013) CD44v6-Targeted T Cells Mediate Potent Antitumor
Effects against Acute Myeloid Leukemia and Multiple Myeloma. Blood, 122, 3461-3472.
https://doi.org/10.1182/blood-2013-04-493361

Wang, H., Kaur, G., Sankin, A.L., Chen, F., Guan, F. and Zang, X. (2019) Immune Checkpoint Blockade and CAR-T
Cell Therapy in Hematologic Malignancies. Journal of Hematology & Oncology, 12, 59.
https://doi.org/10.1186/s13045-019-0746-1

Kaufmann, Y., Amariglio, N., Rosenthal, E., Hirsch, Y.J., Many, A. and Rechavi, G. (2005) Proliferation Response of
Leukemic Cells to CD70 Ligation Oscillates with Recurrent Remission and Relapse in a Low-Grade Lymphoma. The
Journal of Immunology, 175, 6940-6947. https://doi.org/10.4049/jimmunol.175.10.6940

Sauer, T., Parikh, K., Sharma, S., Omer, B., Sedloev, D., Chen, Q., Angenendt, L., Schliemann, C., Schmitt, M.,
Miiller-Tidow, C., Gottschalk, S. and Rooney, C.M. (2021) CD70-Specific CAR T Cells Have Potent Activity against
Acute Myeloid Leukemia without HSC Toxicity. Blood, 138, 318-330. https://doi.org/10.1182/blood.2020008221

Salih, H.R., Antropius, H., Gieseke, F., ef al. (2003) Functional Expression and Release of Ligands for the Activating
Immunoreceptor NKG2D in Leukemia. Blood, 102, 1389-1396. https://doi.org/10.1182/blood-2003-01-0019

Murad, J. (2016) Safety Data from a First-in-Human Phase 1 Trial of NKG2D Chimeric Antigen Receptor-T Cells in
AML/MDS and Multiple Myeloma.

Pan, X.Q., Zheng, X., Shi, G., et al. (2002) Strategy for the Treatment of Acute Myelogenous Leukemia Based on Folate
Receptor Beta-Targeted Liposomal Doxorubicin Combined with Receptor Induction Using All-Trans Retinoic Acid.
Blood, 100, 594-602. https://doi.org/10.1182/blood.V100.2.594

Wang, H., Zheng, X., Behm, F.G., et al. (2000) Differentiation-Independent Retinoid Induction of Folate Receptor
Type Beta, a Potential Tumor Target in Myeloid Leukemia. Blood, 96, 3529-3536.
https://doi.org/10.1182/blood.V96.10.3529

Lynn, R.C., Poussin, M., Kalota, A., et al. (2015) Targeting of Folate Receptor Beta on Acute Myeloid Leukemia
Blasts with Chimeric Antigen Receptor-Expressing T Cells. Blood, 125, 3466-3476.
https://doi.org/10.1182/blood-2014-11-612721

Lynn, R.C., Feng, Y., Schutsky, K., et al. (2016) High-Affinity FRbeta-Specific CAR T Cells Eradicate AML and
Normal Myeloid Lineage without HSC Toxicity. Leukemia, 30, 1355-1364. https://doi.org/10.1038/leu.2016.35

Chen, L., Mao, H., Zhang, J., et al. (2017) Targeting FLT3 by Chimeric Antigen Receptor T Cells for the Treatment of
Acute Myeloid Leukemia. Leukemia, 31, 1830-1834. https://doi.org/10.1038/leu.2017.147

Kiyoi, H., Ohno, R., Ueda, R., et al. (2002) Mechanism of Constitutive Activation of FLT3 with Internal Tandem Dup-
lication in the Juxtamembrane Domain. Oncogene, 21, 2555-2563. https://doi.org/10.1038/sj.onc.1205332

DOI: 10.12677/wjcr.2022.121002 13 RS0


https://doi.org/10.12677/wjcr.2022.121002
https://doi.org/10.1016/j.carres.2008.01.009
https://doi.org/10.1155/2012/683065
https://doi.org/10.1038/mt.2014.164
https://doi.org/10.1371/journal.pone.0166891
https://doi.org/10.1038/sj.leu.2401903
https://doi.org/10.1182/blood-2012-12-474056
https://doi.org/10.1016/S0145-2126(99)00147-2
https://doi.org/10.1038/cti.2016.73
https://doi.org/10.1182/blood.V91.9.3401
https://doi.org/10.1182/blood-2013-04-493361
https://doi.org/10.1186/s13045-019-0746-1
https://doi.org/10.4049/jimmunol.175.10.6940
https://doi.org/10.1182/blood.2020008221
https://doi.org/10.1182/blood-2003-01-0019
https://doi.org/10.1182/blood.V100.2.594
https://doi.org/10.1182/blood.V96.10.3529
https://doi.org/10.1182/blood-2014-11-612721
https://doi.org/10.1038/leu.2016.35
https://doi.org/10.1038/leu.2017.147
https://doi.org/10.1038/sj.onc.1205332

JEIEE 55

[24]

[25]

[26]

[27]

(28]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Marofi, F., Rahman, H.S., Al-Obaidi, Z.M.J., Jalil, A.T., Abdelbasset, W.K., Suksatan, W., Dorofeev, A.E., Shomali, N.,
Chartrand, M.S., Pathak, Y., Hassanzadeh, A., Baradaran, B., Ahmadi, M., Saeedi, H., Tahmasebi, S. and Jarahian, M.
(2021) Novel CAR T Therapy Is a Ray of Hope in the Treatment of Seriously Ill AML Patients. Stem Cell Research &
Therapy, 12, 465. https://doi.org/10.1186/s13287-021-02420-8

Laborda, E., Mazagova, M., Shao, S., et al. (2017) Development of A Chimeric Antigen Receptor Targeting C-Type
Lectin-Like Molecule-1 for Human Acute Myeloid Leukemia. International Journal of Molecular Sciences, 18, 2259.
https://doi.org/10.3390/ijms18112259

Zhang, H., Wang, P., Li, Z., He, Y., Gan, W. and Jiang, H. (2021) Anti-CLL1 Chimeric Antigen Receptor T-Cell
Therapy in Children with Relapsed/Refractory Acute Myeloid Leukemia. Clinical Cancer Research, 27, 3549-3555.
https://doi.org/10.1158/1078-0432.CCR-20-4543

Nakazawa, Y., Matsuda, K., Kurata, T., et al. (2016) Anti-Proliferative Effects of T Cells Expressing a Ligand-Based
Chimeric Antigen Receptor against CD116 on CD34+ Cells of Juvenile Myelomonocytic Leukemia. Journal of He-
matology & Oncology, 9, 27. https://doi.org/10.1186/s13045-016-0256-3

Lee, W.S., Ye, Z., Cheung, AM.S., Goh, Y.P.S., Oh, H.L.J., Rajarethinam, R., Ye, S.P., Soh, M.K., Chan, E.H.L., Tan,
LK., Tan, S.Y., Chuah, C., Chng, W.J., Connolly, J.E. and Wang, C.1. (2021) Effective Killing of Acute Myeloid Leuke-
mia by TIM-3 Targeted Chimeric Antigen Receptor T Cells. Molecular Cancer Therapeutics, 20, 1702-1712.
https://doi.org/10.1158/1535-7163.MCT-20-0155

He, X., Feng, Z., Ma, J., Ling, S., Cao, Y., Gurung, B., Wu, Y., Katona, B.W., O’Dwyer, K.P., Siegel, D.L., June, C.H.
and Hua, X. (2020) Bispecific and Split CAR T Cells Targeting CD13 and TIM3 Eradicate Acute Myeloid Leukemia.
Blood, 135, 713-723. https://doi.org/10.1182/blood.2019002779

Uckun, F.M., Jaszcz, W., Ambrus, J.L., et al. (1988) Detailed Studies on Expression and Function of CD19 Surface
Determinant by Using B43 Monoclonal Antibody and the Clinical Potential of Anti-CD19 Immunotoxins. Blood, 71,
13-29. https://doi.org/10.1182/blood.V71.1.13.13

Brentjens, R.J., Latouche, J., Santos, E., et al. (2003) Eradication of Systemic B-Cell Tumors by Genetically Targeted
Human T Lymphocytes Co-Stimulated by CD80 and Interleukin-15. Nature Medicine, 9, 279-286.
https://doi.org/10.1038/nm827

Cooper, L.J.N., Topp, M.S., Serrano, L.M., et al. (2003) T-Cell Clones Can Be Rendered Specific for CD19: Toward
the Selective Augmentation of the Graft-versus-B-Lineage Leukemia Effect. Blood, 101, 1637-1644.
https://doi.org/10.1182/blood-2002-07-1989

Kochenderfer, J.N., Feldman, S.A., Zhao, Y., et al. (2009) Construction and Preclinical Evaluation of an anti-CD19 Chi-
meric Antigen Receptor. Journal of Immunotherapy (Hagerstown, Md.: 1997), 32, 689-702.
https://doi.org/10.1097/CJ1.0b013e3181ac6138

Maude, S.L., Teachey, D.T., Porter, D.L., et al. (2015) CD19-Targeted Chimeric Antigen Receptor T-Cell Therapy for
Acute Lymphoblastic Leukemia. Blood, 125, 4017-4023. https://doi.org/10.1182/blood-2014-12-580068

Huh, Y.O., Keating, M.J., Saffer, H.L., ef al. (2001) Higher Levels of Surface CD20 Expression on Circulating Lym-
phocytes Compared with Bone Marrow and Lymph Nodes in B-Cell Chronic Lymphocytic Leukemia. American
Journal of Clinical Pathology, 116, 437-443. https://doi.org/10.1309/438N-EOFH-ASPR-XCAC

Borowitz, M.J., Shuster, J., Carroll, A.J., et al. (1997) Prognostic Significance of Fluorescence Intensity of Surface
Marker Expression in Childhood B-Precursor Acute Lymphoblastic Leukemia. A Pediatric Oncology Group Study.
Blood, 89, 3960-3966. https://doi.org/10.1182/blood.V89.11.3960

Thomas, D.A., O’Brien, S., Jorgensen, J.L., et al. (2009) Prognostic Significance of CD20 Expression in Adults with
De Novo Precursor B-Lineage Acute Lymphoblastic Leukemia. Blood, 113, 6330-6337.
https://doi.org/10.1182/blood-2008-04-151860

Butler, L.A., Tam, C.S. and Seymour, J.F. (2017) Dancing Partners at the Ball: Rational Selection of Next Generation
Anti-CD20 Antibodies for Combination Therapy of Chronic Lymphocytic Leukemia in the Novel Agents Era. Blood
Reviews, 31, 318-327. https://doi.org/10.1016/j.blre.2017.05.002

Watanabe, K., Terakura, S., Martens, A.C., ef al. (2015) Target Antigen Density Governs the Efficacy of Anti-CD20-

CD28-CD3 Zeta Chimeric Antigen Receptor-Modified Effector CD8+ T Cells. Journal of Immunology (Baltimore, Md.:
1950), 194, 911-920. https://doi.org/10.4049/jimmunol. 1402346

Mussai, F., Campana, D., Bhojwani, D., ef al. (2010) Cytotoxicity of the Anti-CD22 Immunotoxin HA22 (CAT-8015)
against Paediatric Acute Lymphoblastic Leukaemia. British Journal of Haematology, 150, 352-358.
https://doi.org/10.1111/j.1365-2141.2010.08251.x

Haso, W., Lee, D.W., Shah, N.N., ef al. (2013) Anti-CD22-Chimeric Antigen Receptors Targeting B-Cell Precursor
Acute Lymphoblastic Leukemia. Blood, 121, 1165-1174. https://doi.org/10.1182/blood-2012-06-438002

Fry, T.J., Shah, N.N., Orentas, R.J., et al. (2017) CD22-Targeted CAR T Cells Induce Remission in B-ALL That Is

DOI: 10.12677/wjcr.2022.121002 14 SR k7T


https://doi.org/10.12677/wjcr.2022.121002
https://doi.org/10.1186/s13287-021-02420-8
https://doi.org/10.3390/ijms18112259
https://doi.org/10.1158/1078-0432.CCR-20-4543
https://doi.org/10.1186/s13045-016-0256-3
https://doi.org/10.1158/1535-7163.MCT-20-0155
https://doi.org/10.1182/blood.2019002779
https://doi.org/10.1182/blood.V71.1.13.13
https://doi.org/10.1038/nm827
https://doi.org/10.1182/blood-2002-07-1989
https://doi.org/10.1097/CJI.0b013e3181ac6138
https://doi.org/10.1182/blood-2014-12-580068
https://doi.org/10.1309/438N-E0FH-A5PR-XCAC
https://doi.org/10.1182/blood.V89.11.3960
https://doi.org/10.1182/blood-2008-04-151860
https://doi.org/10.1016/j.blre.2017.05.002
https://doi.org/10.4049/jimmunol.1402346
https://doi.org/10.1111/j.1365-2141.2010.08251.x
https://doi.org/10.1182/blood-2012-06-438002

JEIEY 55

[43]

[44]

[45]

[46]

[47]

[53]

[54]

Naive or Resistant to CD19-Targeted CAR Immunotherapy. Nature Medicine, 24, 20-28.
https://doi.org/10.1038/nm.4441

Giordano Attianese, G.M.P., Marin, V., Hoyos, V., et al. (2011) In Vitro and in Vivo Model of a Novel Immunotherapy
Approach for Chronic Lymphocytic Leukemia by Anti-CD23 Chimeric Antigen Receptor. Blood, 117, 4736-4745.
https://doi.org/10.1182/blood-2010-10-311845

Mamonkin, M., Rouce, R.H., Tashiro, H., et al. (2015) A T-Cell-Directed Chimeric Antigen Receptor for the Selective
Treatment of T-Cell Malignancies. Blood, 126, 983-992. https://doi.org/10.1182/blood-2015-02-629527

Chen, K.H., Wada, M., Pinz, K.G., et al. (2017) Preclinical Targeting of Aggressive T-Cell Malignancies Using Anti-CD5
Chimeric Antigen Receptor. Leukemia, 31,2151-2160. https://doi.org/10.1038/leu.2017.8

Gomes-Silva, D., Srinivasan, M., Sharma, S., ef al. (2017) CD7-Edited T Cells Expressing a CD7-Specific CAR for the
Therapy of T-Cell Malignancies. Blood, 130, 285-296. https://doi.org/10.1182/blood-2017-01-761320

Png, Y.T., Vinanica, N., Kamiya, T., et al. (2017) Blockade of CD7 Expression in T Cells for Effective Chimeric An-
tigen Receptor Targeting of T-Cell Malignancies. Blood Advances, 1,2348-2360.
https://doi.org/10.1182/bloodadvances.2017009928

Chen, K.H., Wada, M., Firor, A.E., et al. (2016) Novel Anti-CD3 Chimeric Antigen Receptor Targeting of Aggressive
T Cell Malignancies. Oncotarget, 7, 56219-56232. https://doi.org/10.18632/oncotarget.11019

Hudecek, M., Schmitt, T.M., Baskar, S., ef al. (2010) The B-Cell Tumor-Associated Antigen ROR1 Can Be Targeted
with T Cells Modified to Express a ROR1-Specific Chimeric Antigen Receptor. Blood, 116, 4532-4541.
https://doi.org/10.1182/blood-2010-05-283309

Hudecek, M., Lupo-Stanghellini, M., Kosasih, P.L., ef al. (2013) Receptor Affinity and Extracellular Domain Modifi-
cations Affect Tumor Recognition by ROR1-Specific Chimeric Antigen Receptor T Cells. Clinical Cancer Research,
19, 3153-3164. https://doi.org/10.1158/1078-0432.CCR-13-0330

Berger, C., Sommermeyer, D., Hudecek, M., et al. (2015) Safety of Targeting ROR1 in Primates with Chimeric Antigen
Receptor-Modified T Cells. Cancer Immunology Research, 3, 206-216.
https://doi.org/10.1158/2326-6066.CIR-14-0163

Perera, L.P., Zhang, M., Nakagawa, M., et al. (2017) Chimeric Antigen Receptor Modified T Cells That Target Che-
mokine Receptor CCR4 as a Therapeutic Modality for T-Cell Malignancies. American Journal of Hematology, 92,
892-901. https://doi.org/10.1002/ajh.24794

Qin, H., Cho, M., Haso, W., et al. (2015) Eradication of B-ALL Using Chimeric Antigen Receptor-Expressing T Cells
Targeting the TSLPR Oncoprotein. Blood, 126, 629-639. https://doi.org/10.1182/blood-2014-11-612903

Faitschuk, E., Hombach, A.A., Frenzel, L.P., et al. (2016) Chimeric Antigen Receptor T Cells Targeting Fc mu Re-
ceptor Selectively Eliminate CLL Cells While Sparing Healthy B Cells. Blood, 128, 1711-1722.
https://doi.org/10.1182/blood-2016-01-692046

Pinz, K., Liu, H., Golightly, M., ef al. (2016) Preclinical Targeting of Human T-Cell Malignancies Using CD4-Specific
Chimeric Antigen Receptor (CAR)-Engineered T Cells. Leukemia, 30, 701-707. https://doi.org/10.1038/leu.2015.311

Vera, J., Savoldo, B., Vigouroux, S., ef al. (2006) T Lymphocytes Redirected against the Kappa Light Chain of Human
Immunoglobulin Efficiently Kill Mature B Lymphocyte-Derived Malignant Cells. Blood, 108, 3890-3897.
https://doi.org/10.1182/blood-2006-04-017061

Ramos, C.A., Savoldo, B., Torrano, V., et al. (2016) Clinical Responses with T Lymphocytes Targeting Malignan-
cy-Associated Kappa Light Chains. The Journal of Clinical Investigation, 126, 2588-2596.
https://doi.org/10.1172/JCI86000

DOI: 10.12677/wjcr.2022.121002 15 SR k7T


https://doi.org/10.12677/wjcr.2022.121002
https://doi.org/10.1038/nm.4441
https://doi.org/10.1182/blood-2010-10-311845
https://doi.org/10.1182/blood-2015-02-629527
https://doi.org/10.1038/leu.2017.8
https://doi.org/10.1182/blood-2017-01-761320
https://doi.org/10.1182/bloodadvances.2017009928
https://doi.org/10.18632/oncotarget.11019
https://doi.org/10.1182/blood-2010-05-283309
https://doi.org/10.1158/1078-0432.CCR-13-0330
https://doi.org/10.1158/2326-6066.CIR-14-0163
https://doi.org/10.1002/ajh.24794
https://doi.org/10.1182/blood-2014-11-612903
https://doi.org/10.1182/blood-2016-01-692046
https://doi.org/10.1038/leu.2015.311
https://doi.org/10.1182/blood-2006-04-017061
https://doi.org/10.1172/JCI86000

	白血病免疫治疗靶点研究进展
	摘  要
	关键词
	Current Research Advance in Immunotherapy of Leukemia
	Abstract
	Keywords
	1. 引言
	2. 髓系白血病
	2.1. 路易斯抗原Y (Lewis Y Antigen)
	2.2. CD33
	2.3. CD123
	2.4. CD38
	2.5. CD44
	2.6. CD70
	2.7. NKG2D配体
	2.8. 叶酸受体β (Folate Receptor β, FOLR β)
	2.9. FMS样酪氨酸激酶3 (Fibroblast-Macrophage Stimulating Factor Receptor Fms-Like Tyrosine Kinase 3, FLT-3)
	2.10. C型凝集素样分子1 (C-Type Lectin-Like Molecule-1, CLL1)
	2.11. 粒–巨噬细胞集落刺激因子受体(GM-CSF Receptor, GMR/CD116)
	2.12. T细胞免疫球蛋白3 (T Cell Immunoglobulin-3, TIM3/CD366)

	3. 淋巴细胞白血病
	3.1. CD19
	3.2. CD20
	3.3. CD22
	3.4. CD23
	3.5. CD5
	3.6. CD7
	3.7. CD3
	3.8. 受体酪氨酸激酶样孤儿受体1 (The Receptor Tyrosine Kinase-Like Orphan Receptor 1, ROR1)
	3.9. 趋化因子受体4 (C-C Chemokine Receptor 4, CCR4)
	3.10. 胸腺基质淋巴生成素受体(Thymic Stromal Lymphopoietin Receptor, TSLPR)
	3.11. 免疫球蛋白IgM Fc段受体(Immunoglobulin M Fc Receptor, FcµR)
	3.12. CD4
	3.13. κ轻链(Κ Light Chains)

	4. 小结与展望
	参考文献

