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Research progress in Ph-like childhood acute lymphoblastic leukemia
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Abstract: Philadelphia chromosome-like acute lymphoblastic leukemia (Ph-like ALL) is a subtype of B-lineage
ALL (B-ALL) that displays a gene expression profile (GEP) similar to Philadelphia chromosome-positive ALL (Ph*
ALL). It has a diverse range of genetic alterations that activate cytokine receptor genes and kinase signaling pathways,
frequently accompanied by abnormal transcription factors related to lymphatic development. Children with Ph-like ALL
account for 15% of children with high-risk B-ALL. It has adverse clinical features and a poor prognosis. Tyrosine kinase
inhibitors combined with chemotherapy can significantly improve the prognosis of children with Ph* ALL, suggesting
that targeted therapy based on the molecular cytogenetic abnormalities of Ph-like ALL has good research prospects. This
paper expounds the genetic alterations, pathogenesis, clinical features, diagnostic measures, and potential therapeutic
approaches of Ph-like childhood ALL based on recent research progress in Ph-like ALL.
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(‘acute lymphoblastic leukemia, ALL ) PR @A
ferm, HARW AR R 00%Y, KAk, 1
A 15%~20% JLF ALL B %, JF A ALL &
JLARAS KA A A7 Y 3 2 B FSE T 0 B A
B, #—20 T4 55 % ALL 95 A5G 435
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[ & ] S, &, Biwised:, (EpEE,

2 PN Mullighan 45 P 7 IR K LA 15%~19% i
254y RUR W) B-ALL 8 L3 % 35 3% 5 BCR-
ABL1 BHPE ALL BJLARRL, St S5 HARRL, 4 H:
FRK Ph-like ALL, JH:3 PRI 20 2 240 AR (9 6 [R] R AE
P77 20 PR 32 A 35 PR 28 728 N it 17 5 30 I S
WAL, X I B {3 A TR A R ) 2
Sr AT TR Y, RSO A K JLE Ph-
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1 Ph-like ALL B9 ERFE TS & R E

1.1 JAK HESRREERE
111 CRLE2 % B £ # 5 i+ 2% CRLF2
( cytokine receptor-like factor 2 ) J& R FPEYL Ak
Xp22.3 B¢ Yp11.3, Zahd 4 il 5132 (AL 5 -2,
BN 5 SRR L A A R Z 4 (thymic stromal
lymphopoietin receptor, TSLPR ) ., TSLPR J& — ' I
A0 Jf [ F- A2 4, 5K TSLP 45 & )5 v 5 F 4y
R 72k (1IL-7R) 1Y o FEIE BT IR R Y, Jash
TUERY JAK-STAT {5538 #%, 2 5k T 40 M 38 78
(R 45 7. 429% 19 )L % Ph-like ALL 77 7E CRLF2
AR, UGN W, EZIE IGH-CRLF2
FI P2RY8-CRLF2 W d HESEE [, 3 CRLF2 i
Fi5 °, #84> Ph-like ALL 775 HoAth R0 K 38 230
CRLF2 5323k 7', 1] CRLF2 i %k 80 L T
UiF JAK-STAT {5 53 i, 580 M 40 e R R 4 g .
AN, CRLF2 [ F232C fiR A8 (55 232 i 2 HE R
F 2 Db 2 R A AR T R ) T AR ol S 0 (AR 0 A
(18 TR R — R A B S 1 AL N S Sk S
Fls & A ™ {EAHTE B RS, CRLF2-IL7R-JAK-
STAT 3l BTG I AE(AFAET Ph-like ALL, % 60%
JERZEAAE ALL S LARLAF7E L B 5 3 16 4E P
112 JAK AR R L5 EFH  CRLF2 %Kik
Ph-like ALL "1, 24 50% ¥4 JAK 3 H 248, LU
JAK2 R683 28748 F: £ L ™17 JAK FE K 2878 — Ty T
$2 CRLF2 3 1L-7R &G 248, 55—y miff

% 40 1] JAK 945 3k 25 1 LNK /) SH2B3 BE P &
AR TEPESEAE, AN A6 JAK-STAT 15 538 %,
X JR$E7n CRLF2 BY3 Rk F JAK HE R 58 28 7 T Ak
JAK-STAT {5 % % b A th [ fEH ¥, 78 JLZE Ph-
like ALL 1, JAK P FGER K AR, 29 5% 1+
7E JAK2 BEHFHE, H AT SCERIRE L1 10 FhE R
5 JAK2 B Wil & B, AL 46 PAXS5-JAK2, BCR-
JAK2. ETV6-JAK2., SSBP2-JAK2. ATF7IP-JAK2.
EBF1-JAK2. PPFIBP1-JAK2, STRN3-JAK2.
TERF2-JAK2 #1 TPR-JAK2, Hp= 2k il 4 & 1%
B JAK2 3 DX ST R 0S80 JAK-STAT
ERER ] SRS AT (A
1.1.3 ZI4ifA R Z AN EHE a4l &R
Z W& (erythropoietin receptor, EPOR ) & [X & HE IL
T 4% #)JLFE Ph-like ALL, FEIERL EPOR-IGH .
EPOR-IGK il EPOR-LAIR1 fil53: K, B EPOR %
K 2 (0 2 G PEER R L BE (TgH ) oifedE (1gK)
A3 58 DXFT LAIR T 89 L X8, X — AR 2 500
A EPOR F LA, X EPO S mfUek, i
JAK-STAT 55 i, FIHZS 5 F g ",
1.2 ABL #EERERRE

ANFETF JAK B 1 S5, ABL &SR
Hyb e EHE, 29 14% %) JLFE Ph-like ALL f74F ABL
FEH A #EHE, fU3% ABL1, ABL2. PDGFRB J%
CSFI1R SE[H, XL 5L N B AR AFAE A 22 HOAR I A2 11
FRAERED (W2 1), (B S Y 2540 5 Ditig
P15 BCR-ABL @il 22 2L, A {off K 22 PR T il
Wik, SEARrs s

%1 Ph-like ALL F1 ABL XiEEE R ENEER

ABL FJEFEA PP
ABLI ETV6, NUP214, RCSD1, SFPQ., SNX2, ZMIZ1. FOXP1, RANBP2
ABL2 PAG1. RCSD1. ZC3HAVI1
PDGFRB EBF1. SSBP2, ATF7IP, TNIP1, ZEB2
CSFIR SSBP2

PDGFRB ( platelet-derived growth factor receptor
B) Jk PR G i/ MR AT A AR K A2 A B, HOR T
TS K Tl R i 22 W 9 — B3 . PDGFRB L HE
T R BEI AR IR T A B, (R E AT ACE ALL
Hi 45 PDGFRB F#IEPEEHE, LU EBFL (early B-cell

factor 1) -PDGFRB fill 5 M 2% WL, EBF1 /& B &
Uk EL A0 B o AL T e SRR T, EBFL A4t IX 5
PDGFRB MR Sl &, — )y 520 EBFL 1Y 1EH
Uife, (4 fh i Tk R B iR gn i b B,

J3— T PDGFRB i 1k , T E AN mm
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75 R % K F 1 Z 4K (colony stimulating factor 1
receptor, CSF1R ) & A J& 5 105 41 Jfd 4 v o) 3 R+
( macrophage colony stimulating factor, M-CSF ) 3Z{K

(SRS BE DR, LT DL R0 A N I, T
TE Ph-like ALL ' CSF1R 7] 5 P4 DNA 454 & [
SL[H SSBP2 JE i SSBP2-CSFIR Bl & KL M, Hr4kiy
2 Jf [R5~ 52 M4 5 T i SSBP2 # ABL1 iR Ak 1M
S5 ",
1.3 HEERETFERRE

W R S P I P E ZALHE EBF1, PAXS I
IKZF1"", TKZF1 2 i (4B 5 17 5% 1 TKAROS &
WRELAN & T | A fbad AR ) —Fh e B SR T
50%~70% (%) Ph* 1 Ph like B-ALL f£7F IKZF1 135
Ll 1O Ny IKZF1 A 825 o7 B R 252k
RS Rk AR AT . 7R, 3 IKROS
F A L B A2 248 B IKROS,  MTTE B 40 i %
T 15, TRDEF e i YR AR ) 200 e R 5 1
IEAk, 2275 R IKROS H B 35 1 U RE 3Z 161 i [ A
A LA SR TG 15 R IE 3 IKAROS, Witkowski
2 VB9 K B TKZF 1 JE K 28728 AT 30TE B-ALL Pk
55 1 R AR R 24 AH G I SE R, (H B BIL 4TS
AN, PAXS Fil EBF1 JER 2 B 4 i & & 5 1
JIr s e sk R -, H 5 O R ) ) il
U PAX5-JAK2, EBF1-JAK2, EBFI1-PDGFRB,
AP AR L, (Rl I I R A0 s i
1.4 HERRE

1 Ph-like ALL ", SH2B3 3 [H () 2% 3iF 1 %
A P HUE LR 1 LNK fs/b, J% L7 0 JAK-
STAT {5538 %, FEAMMFFLLIE 5 . 1L-7R .
FLT3 F1 IL2RB K& PR 1 2 25 1, o] 80 37% 40 it DA 5 =2
A% 5 Ph-like ALL fJE . Ras {5538 % 58 2243
5 NRAS. KRAS., PTPN11 Fil NF1 & 78, % 4= 7
4% () JLEE Ph-like ALLY, GATA3 HHE—FHEA
455 GATA J7 91 155 BE O ST FEHR 45 0 1 7 s DR
4 L N 2] S HK 43 M i 5% ( genome-wide association
study, GWAS) & P JL # Ph-like ALL #' GATA3
153824662 AT IR Z M (SNP) B &g A -1,
Hoh A SR 3 R 2 R R T i P, 1s3824662 A %
PEFERI AL EL GATA3mRNA Fk W 5, HZE2 Pk
CRLF2 5% . JAK 2878 K 1IKZF1 §e, {H5:3( Ph-
like ALL &£ [ ELABLH] B AT45 A6

2 Ph-like ALL BYI1& R4F4E

ANFEAER B BE Ph-like ALL B9 & 4= R AR [H], 7E
JLE ., HOH AR BN AN ALL
) & A R 0 10%~15%, 21%, 27%. 20.4%
12495 8 JLE Ph-like ALL AREH, KAERAH
BILFT S IR, Bzl 1501, mHEP
PEF B KR H P32, JLEE Phelike ALL ¥1i2H}
ANJE I AR AR e, 2Bt 100 x 10771 5
WIAIT R BAE, BRI 19 KK 451
MRD 7K F449%5E Ph-like ALL 415 5 ™), G5 %
Bl, {1 EBF1-PDGFRB i) ALL 8L 5 &
A FAIT R, ZIWHESEIESE, JLE Ph-like
ALL B 8 K RS UG 4R B, Roberts
VLI 1725 44 ALL BE AT 4, KBS
% BE 1Y Ph-like ALL H L S 4E L FH 4 (event-
free survival, EFS ) i 2 {[X F3F Ph-like ALL 2.
3¢ [5 JL 2 M e U /E 20 ( Children's Oncology Group,
COG ) XF 772 fl & fe 4l JL 3 ALL #£ 47 Ffi Vi, Ph-
like ALL 41 5 4F EFS W] @A TE Ph-like ALL 41 ",
BEAN, 45 Ak PR AR 2 1) Ph-like ALL A9 75t
A, PLKH JAK2 Fl EPOR HHEAY AR 775 T,
PERE TKZF1 54 14 Ph-like ALL WiJ5 525 1, ZE[H
St. Jude JLEE BEBERET 344 i )L ALL, {KIEAES
fBI7EE 19 K1 46 K MRD /K- ER R, H1E
LI o2 b i TR R IR YT, MRS,
12 7R Ph-like ALL 415 3E Ph-like ALL 41 ) EFS 2
SLGE i X, {HE Ph-like ALL LA R G
YL B4z 1 i+ AN AR AT R LAY Ee s vy

3 Ph-like ALL 92l

JLZE Ph-like ALL %5025 922 028 52 90 v B2
SERPEME S W T Pk R, H AT o s — 2
FRifE. 92 St Jude JLE IR BeXt T A B2 WA ALL
K AR 5 5 0 € Ph-like ALL, % [E 855
DX PRI ROR 22 0 ALL #5847 ABL MG EHE
FEPIREIN, COG FI T 4756 TF 4 19 35k RES e Xl e
AW S fad] ALL TR0 ik, FHPE# A
B RARTT P AT I PRSI B

e . Ph-like ALL FI2 W it 3 A 5L PR & 8
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5 Ph" ALL AR IR B, (HIX 3R B 4K
F I RO R e 8, T e AN [R] L PR 4 0 B 236
TSR S5 R A2, (IR RN A2 2 PR
1 3 T — AR R A Y 5 g S R AR
RS R IR, (HH A 5 0 2 FH R AR A
YIE B AR M ILARE ) 24, i AL 4 Hr
FISH, £ # PCR &85 AR H ek il 2135 43 5 %
Pl Yap &5 P FF Xk — g UL 1 8 1) il A5 7 S 10
JF A4 350K I 3] Ph-like ALL AR 22 53 JE K. 7E Ph-
like ALL A28 BA S 55 16 A 0 SRR 5l i A
By T 25 n e st . R4 AR 734 JAK2
R STATS Fil ABL R 7  CRKL #§ R {L KA
AT B 5 8 SO A5 i, A BB SR R A
SRS S W RIS, RS 23 B s 2 R A ) 59
(tyrosine kinase inhibitors, TKIs ) 877 Bl J5 BYAH G
R T BER ALK R BN TKIs JAY7 RN BE T
A, JLEE Ph-like ALL fie % LAY 2 T 1A% 24 0028
i CRLF2 {9 5% 63k, IEH 1B 0L T CRLF2 2 A
ANETE B YRk, ILrRE CRLF2 Hiim A
F| ALL fee =By srdrrh, JF Hal il FISH, £HE
PCR. ZHSCHRIRET Y 3G DL K PRI AL i 25 56 E
LR AR A

4 Ph-like ALL BJ3857

Ph-like ALL H'#J 90% 17 753406 H #0% , £
ZEOh ABL F JAK 3 fiff 3 % 3% I8 578, TR TK s
1R T Ph-like ALL A 845 (1 A 55 P2, ABL 4101 il
F) 2 (imatinib ) . 570 % JE (dasatinib )
iE FF % 4 ABL1. ABL2. PDGFRB #{ CSFIR
HE&, JAK #5518 & Al & JE (ruxolitinib ) AT
A RN TAK-STAT {5 53 % 19 5 % 3005, A7 7E
ETV6-NTRK3 il 5 3 P X ALK 101 1l 771) e FEL nafs
Jé ( Crizotinib ) UK " Weston 25 ™ #2181 i
ff EBF1-PDGRFB 5 fif (/) 10 %/ % 1 ALL 8 JL7F
WAL BORAER I S8 )E, A fim gz
fft TR 8L 58 B R B 3L 1 5. Kobayashi 45 ™ 4
E 1 Bk VR e B2 YR TY JLEE Ph-like ALL
Roberts %5 P X} 12 4% % TKIs 397 ) Ph-like ALL
By, 11 13K REF7AL. H TKIs JGY7 Ph-like ALL
(AT B B e e T i — 2B 5E . COG 1IEAE i
A PRI AR UG UK 56 BFM 5 R ILRE G 97 B B

ARV JE AT ABL HHE Ph-like ALL (75K, JF
PEA &2 R Je B & 4RI T 1R YT JAK-STAT i % 5+
WG I Ph-like ALL 9Y72L, DA RERFIRE
FAER =, 2015 A [EDLEEAE MEL ( Chinese
Children Cancer Group, CCCG ) J3 3l ALL 2015 5%
J7 % (CCCG-ALL-2015) , 7R4$% TKIs J3 97 Ph-like
ALL 2 Al AR50

Ph-like ALL f" CRLF2 B HE i # & JAK-STAT
Ak, AT PI3K. mTOR Fl BCL2 15 53 % i 5 %
WIS, A X I B S I 1 0 o R AE AR R T A G
(18 1 DA AT AR R AF 5% 12212t A 1 % Ras {55
I PRI FVATF Ph-like ALL AL AR 56
Tasian % ™ %t Ph-like ALL /N BUR 28 i 17 BF 5%,
& B PI3K/mTOR ( phosphoinosmde-3-kinase/the
mammalian target of rapamycin ) 1]l il 5] gedatolisib
KA S RFE R ESGE R e IRIT SR E T2y
TRYT . B AR EE P i 20 R B

B R TKIs A JT Ph-like ALL 78 K4 19 BF 5%
Airst, {H4552 TKIs {097 J T RE R & ulgET ™,
FEANMEAR AN RS AL R B0, X T JAK #5706
I RCR ZZ B M PRTEE FT 90 (heat-shock protein
90, HSP 90 ) 1 780 T B EAy400 i) 13 1o 240 P 14 7
U T T R P, AR TKZF 28 A8 30 1
(/NS 2 A PR AT 203 TKIs fTi 24 9 [ st
B TKIs (3G PE P, SR, HSP 90 i3 L4k A
R e FH T Im R e i — DR .

5 REMRE

KEBSF Ph-like ALL F77E 348 i 558 16 1k,
LRI R AL TR L, L & & B-ALL
15% }j Ph-like ALL, TKIs B¢ & 1697 16 97 2 19
fRIE A E G B-ALL JLEW K T A, HR Ph-like
ALL 1 & 9% % & Ph* ALL (19 3~4 %, {H 5L P o 25
RINE L MELLER X R R S 5 SE R EA T R AL R
5T, P As 24 g L UME L R 80
I B BESE, H T 2 55 3 Ph-like ALL 45 il
JrikmtsEfb. [HIBY, KRR TKIs 1 H T Ph-
like ALLIRYY, PARELSHIIE T BE K A= 28R i it 24,
DR X TKIs it 25800 o R 2, RS )L
Ph-like ALL FWFFE AT AT 127 22 RIE,  {HL A Ph-like
ALL () % BRI 1] 3597 10 S8 BRAR 7 Mo i B 1T RS o
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