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Abstract
Acute lymphoblastic leukemia (ALL) is a malignant hematologic disease caused by
genetic mutations in lymphoid precursor cells, leading to abnormal proliferation. It
predominantly affects young individuals and is the most common childhood cancer in
Taiwan. ALL can be classified into T-cell type (T-ALL) and B-cell type (B-ALL) by
immunophenotyping, and further classified into different subtypes according to the
genetic mutation of the cancer cells. In B-ALL, common mutations include
hyperdiploid, hypodiploid, KMT2A rearrangement (KMT2A-r), BCR::ABLI,
ETV6::RUNXI, TCF3::PBXI, etc.. The KMT2A-r subtype is associated with a high
risk of central nervous system (CNS) involvement and has a poorer prognosis, with
over 70% of new diagnoses in infants under one year old. Current treatments have
shown good efficacy against CNS involvement, but the underlying mechanisms
remain unclear. Previous studies have proposed various hypotheses linking certain
genes to CNS involvement. For instance, a 2018 study suggested that B-ALL cells
express integrin a6, using laminin on the vascular wall to migrate from the cranial
bone marrow cavity to the subarachnoid space. A 2020 study observed increased
expression of /TGAS5 and ITGAY, correlating with B-ALL cell colonization in the
CNS. Another study in 2021 proposed that B-ALL cells utilize osteolysis and
CXCR4-mediated chemotaxis to enter the subarachnoid space from the cranial bone.
However, no definitive mechanism has been suggested, and it is unclear whether
different subtypes are governed by the same mechanism. Our study aims to
investigate genes related to CNS involvement in B-ALL, especially focusing on the
KMT2A-r subtype. Due to the difficulty in obtaining large quantities of CNS
involvement samples, we also utilize patient-derived xenograft (PDX) model to
overcome this challenge. Initial RNA sequencing analysis of original samples from 15

KMT2A4-r B-ALL patients did not reveal significant gene set upregulation in leukemia
iv

doi:10.6342/NTU202404171



cells from patients with CNS involvement. We proposed that because the original
samples were not from CNS involvement samples, we weren’t able to observe
expression changes of genes related to CNS involvement. We then established PDX
models using severely immunodeficient NSG™ mice, while first establishing
xenograft model with human KMT2A4-r B-ALL cell line RS4;11 as a pilot study. After
transplantation, we observed RS4;11 in the subarachnoid space in mice head sections.
Thus we confirm that the RS4;11 xenograft model can represent CNS involvement
phenotypes. Based on the successful results of RS4;11, we select six patients, three
with CNS involvement and three without, and we establish PDX models for
individual patients. RNA sequencing analysis of CNS involvement cells isolated from
PDX mice revealed significant upregulation of integrin genes such as ITGA6, ITGA7,
ITGAY, and ITGBS and downregulation of several integrin genes such as /TGA2B,
ITGB2, and ITGB3. Furthermore, Over-Representation Analysis (ORA) identified
several gene sets that are enriched in CNS involvement cells, such as “ECM receptor
interaction”, in which ITGA7, ITGA9Y, and ITGBS are included, and “PI3K-Akt
signaling pathway”, in which /7GA6 is included. Taken together, we have established
PDX models that allow us to identify novel pathways that govern CNS involvement
in KMT2A-r B-ALL.

Keyword: pediatric cancer, acute lymphoblastic leukemia, CNS involvement, KMT2A4

rearrangement, integrin
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] B % 18 % 2 150 uL/1 mL RBC lysis buffer (402301, BioLegend®) st 5138 fria
3 FE2008F R "ﬁc‘ fn IR F R 1802 2800 xg ~ 2 A 4B g i A
R ",% jikis o £ 4~ 500 uL RBC lysis buffer & i 5 4 4812 2 "f@ Tl

7
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IR0 KRR {802 2800 xg ~ 2 A 4B NiE i g ’—i%j g 1mL z 1%

BSA 2 IxPBS jjitim®e ik » ¥ w33k ho kAL 7 1%PBSA -

| B F BEE ’f'ﬁr—’?%,.‘éf'_fj%‘i % 5% 12 100 um cell strainer (CSS013100, Jet BIOFIL®)@;‘),§
308 0 RIFIR 0 11360 xg 2 3 A HANIE B s 0 A% b i 0 £ A W4

I mL 2 3mLRBC Lysis Buffer /R fr323 ¥ # ¥ 2 A4 F 113 4r‘ oIk F R

ik

F s r 10 RHEE 1% PBSA » 12 360 xg 3 A 4enif i o 4% 1 iR
fs 2 WEATFA ImL 2 3mL 1% PBSA » & * & 3% 2-#c4 2 Trypan blue % ¢
AR L

.‘_;.,—‘

| B ek B 3t 100 pm cell strainer » ** 10 cm petri dish  14= Fj2. SmL syringe
plunger B #% > &4 » 2 7 FBS 22 DMEMF-F12 32 % £(10-090-CV, Corning®)i i
B H e B o BRIER BT S0mL e F R 0 12 300 xg ~ 10 A 4B i A
oo 3 f Fit o £ AT %% 37% Percoll® (P4937, Sigma-Aldrich®) » i 12
70%/37%/30%¢=77 percoll gradient & {7 % & # & . > s if 2 5 400 xg ~ 30 &

48 0 oo RSB T70%2 37% M % K 2 dwre > X B~2 1 3mL I 15mL e

# 0 # 1mL 2 W% R iR 4 » 2mL 0 Ix PBS » 12 300 xg ~ 7 4 4 eik i+ g o
4% 1 i o 101X PBS R S o w33t 1 mL 1% PBSA 0 i 7 s T3 i

% 12 Trypan blue 4 ¢ & {7 /% w%e - Hc o

234 N e R AT

Bl B S B0 e pimi > 71 5 1% BSA 2 Ix PBS 3 B3 5 1%1017 3§ fm ¥
/mL &)k & > B~ 100 uL ‘w2 & %% 12 anti-human CD45-APC (clone HI30, 555485,
BD Pharmingen™) ~ anti-human CD19-FITC (clone 4G7, 340846, BD™) ~ anti-mouse
CD45-PerCP (clone 30-F11, 557235, BD Pharmingen™)ig 2k 4 & 20 4 45 > 4v » 1

8
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mL 1%PBSA # 12 2800 xg ~ 2 4 4& g 2 g > 3 ",fi ik ® B> 400 uL 0.5%
PFA » ¥ 12 100 pm cell strainer (CSS013100, Jet BIOFIL®):& {7 — = i i {4 ™4 jnt 3% Jwo
e RIET A o AF S * 2 #4) 5 CytoFLEX (Beckman Coutler®) 2 BD
Acurri™ C6 Plus (BD Biosciences®) » jit % fm¥#z ik & % 4 47 ##8 i¢ * CytoExpert
(Beckman Coutler®) ~ C6 Plus Analysis software (BD Biosciences®) 4 2 FlowJo™

v10.8.1 (BD Biosciences®) e

2.4 & B im% RNA ¥3-2 & A 4
Bwﬂ%%&%ﬂﬁﬁﬁii&@%’u5ﬂm6%m%ﬂmﬂmh&NBw@m,
Invitrogen™) st IR fe > HF 3 A48 > 4 > 200pL & 7 0 LA R fr{is#FE 3 4
& > 12 13200 rpm ~ 4°C ~ 15 & 4B ik g » Beo (8B b ik 0 be o 500 ul £
AR e AR 10 A48 12 13200 rpm ~ 4°C ~ 10 A 4B i g o a5 3
"ﬁi Gk o Ao 1mL75%FpE - 12 13200 rpm ~ 4°C ~ 5 A2 & chik i 4e > B fg
gLk o b §e S 110 4 4878 1 20 pl nuclease free water ¥ i3 iAo 1 1

NanoDrop One (Thermo Fisher Scientific)if] £ RNA k& % ¥ & -

AL 2 RNA RANZE RAGS A H A A ERAE LA S FIRY - & s
TEFFME P BT FERER Y 2 3FA 2 5 Illumina Stranded

mRNA prep (Illumina) » 25 & * 2_ 47| % Novaseq X plus (Illumina) °

REmr e mylic
45 4%PFA A% - &2 ) BEAR(? 7 20 8) 0 2 IxPBS % 15 1 20 A 48
fs o 2>t 20%EDTA (pH 7.4)i% 7% ¥ — i (7%4F » ¥ & & X { #- = EDTA
B MATR BRI ET SR R o B s s PR EE

TN A

i & 12 o
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26 ERAEBT-F R4

A LEEEEE’_% 8% 10 um & B gl v+ ¥ > *» ¥ 12 anti-human CD19
(IR253-901, iREAL):& = E_%« A ICELS > i HAeT L S N ey
35 1 65°CHr L 15 MBS EFRR S EWN T FR IS FSAHE - =
S E s BF EE 100% P ~ 95%FHE ~ T0%FHE ~ ddHL0 e A A Bl e 5 A
& ;5 4R K {8 e BN % 20 0.01M citrate buffer (pH6.0 > Z 0.05% tween 20)10
A BREBENZEDRE ALY B LB B e r 3%iE
FOERRTEF B0 F kR iEE % 3%EF & 73% > 4o~ blocking
buffer( Z 10% normal goat serum 2. 1x TBST buffer) > 38 F B2 | P F = {$
4 "% blocking buffer » 4c » — %J4 anti-human CD19 (24 blocking buffer #~f# 300
B A)A S ER S 2 IXTBST j%& 3 & » 4 » = 544l goat anti-rabbit IgG-HRP
F 30 A4 & ts 1 Ix TBST 3% 3 = » 12 Vector® NovaRed® Substrate Kit ()
FRleSA85d » F e 2w ddHO ik TR AREFF R LI 44 =
Kz R Ak o R TO%ERE ~ 95%IFH ~ 100%FpE ~ = 7 ¥ (2 %)

oo A uEE 2 A RS Y REEHY -

2.7 B A ¥

PDX # % RNA %5 2. 9 5 #c$f 4 VolcanoseR #c48[35]% HAp st A F1 & £ 4¢#
@] > fold change B % %_% log: (fold change) > 1.5 or <-1.5 > 12 FDR p-value <
0.01 % *u3+% % ; 12 ShinyGO #t %8 [36]:E 7 i % #c~ $7(Over-Representation

Analysis * ORA) ‘g @ A F1 8 % # 2-H) > 12 FDR p-value <0.05 5 338 ¥ o

10
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3.1 KMT24-r B-ALL  * A %13 3
31 A TR

RETE A A TR F R R B FE L N = KMT24-r I 3] 2 B-ALL ;5 4
ZFEH A RRTAANA - R A - o g A m A F G (7 RNA TR 2
BRoEHY Zimm A B H W LT o L 2 RNA TR 32 - 300 B 0 et
F2oo BT Bp A o S BE AT Y R B N A RIE
TEARRBAY G AR EER R SR A R B BT %
FALEE o SIS THp A S s B A R Y A R A
FARG e B - e Y R SR REPL AT Z Y AL
AFF1 ~ MLLT1 ~ MLLT3 2 2 MLLT10 > H ¢ 12 AFFl & % (¥ = 1= » L 4§ ¢

ST S ) B

3127 P RAHERIFLH A AT AFIREKEAS

AR AE ARG w2 RNAZA RS 7441 1 g @ il i
ERZRAAPHEY A LRI LB A A TFIARLE 2 AFIREG B -
GSEA £ f7adits » § ¢ A G2 pt £ AF NG AFIRICE B F 0

H o AP TREZEFR LA LB IORL P RE Pl o a2 R SR

PR EANERNY RA LSRR AMATZHFLRLE o ST R
HEEpilersir 221 45 £ A LA KNSG | 8l = B

AR > 4 5 4 e 0] BUY HRA Sk B TR e

3.2 X SEd B dnte B 5% R %
321 A s Rwre B WS EHA 22>
AR TR A A S R iwe i RS4A 1D 87 R WA R BHET e 2 (Rl- A) -

11
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Zam R G o4511)(q215q23)% ¢ M & 4 KMT24:AFF] & g & % %
*F B #-5x1076 e RS4;11 &k 0% S8 N~ 3 L - F9INSG /| &
PR S A FH4eF 3 FRFREHL > o me RE R RSA &)

B8 N4 £ apkin o 2% A7 RS4;11 %5 #122 NSG | & » 53+ ¥ 304

Fr

e I A FFEEe p RSEIL end it v 1%} » T2 P B2 3

AT g | 90% 1 1 (Fl- B~ C) -

3227 fRedd LRIV AW % A WA HECD

SREEREZ 2 WAV A A SRR AL B0 R %M 45 RS4;11 e B
WA R RS BEERY > B B e gt r s Wik
PR aSAA CF R 5 0 A% CDI9 fF 5 R R e iR 52 RS41T *0
A BREEIRA T o B % T R A CDI9 2 fmre o 3 gE b R 2 ek e e
TRE s DA H AT HeRR T p2 dmre BT RER N R SR (RS ) 0 BT

RS411 £ ¢ fpid Gizjeic 4 » £ 2 7 AWM BB R -

3.3 95 X g R WA E(PDX)HC

3.3.1 PDX #-3| 2 &

Bypan itz 2 BB > ALY PR g 2 7 PDX A e
2Bz A AT RET A P A R e (R 2 ) 0 1 R BRI B HE T e A
I -FNSG/ BB > T ABELE Y - R F A TR REEL > 1A
47 CDA45 2 4 57 CD19 4 # B Mikeh» @& * i3 oo RE Rl 4 M0 o e 3] &
B N AR e A A AN R Z RS G  RA e (P~ P2
Pt#3)r1 2 3 =L 8T 5 & ¢ %A 5o (PHIL ~ PHI2 ~ PHI3) c B % BT S ol &
MR e 2 #4485 NSG - & 5 2 ¢ Pt#l ~ PtH2 ~ Pt#11 ~ Pt#12 & o ko Boeh
PDX /| RO HBELSF I 5 e T2 B % Ba ¥ FRI 1% A s i

12
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2o TP EPENHBELYAFE BRI ELS S LI LD R R E e TR
90% 11+t A B s Ry nve (B1= B X E)» st % PDX | B 3T A i RSk 4 2k 0 A7

G R R LR | I

i o PHH3 2 PH13 in Ryl 3t PDX | SN 2 £ B RIP BT E e
C(RZ F) o A R AT 2 % BT (4 - 10x10°6 3 ) 0 d2h 5 34

A 2 i T G H e o A AR R e

33254 2 ¢ R B iRy= 4 A7 £ R PDX HT)

d 3t RS4 11 chB A HA T 25 2P fedl 5 &)e > T 3p 8 PDX 3]+ 7
TR ARG LPE e R B s 4 2 PDX ) RATIRE L N B RR
oM R R FReR g rllon s fivs P HeF R (-

§ 0 01 ASF CDI9 17 5 # B gk iRl 4 2 Ry m e o

Z BRS¢ A AR 2 gn A (P~ P2~ Pt#3) » 3 PDX ] Rnggine B

N ELET A GE CDIO B fime o F 3 bR e T VR > TR ESEEE P RIZ P

ST o BT }I—,‘a AZ VR EEPFPEAASHER ) BEFFH (Bl A-B)-
R ¥ UL R R S RP 2k A (PH1L ~ PH#I12 ~ PHI3) 0 PHIL i

PDX | 7 BT 5 ¢ tpil o e ins % (Ble C) > PHI2 2 P#13 B AL 7|
¢ 5 iz ge (Blw D)o+ P11 (7 PDX /| Rk ¥ ¢ » 7 RRF] SR 4 4
CDI19 B - fm%e >t g B % P b 2o PG % T o ¥ PH#ll (h PDX ) BlPg ke f‘«
Percoll & B 1 R3S iE (7 A S n plmie A 3t > 77 224 & Z 0 5 3x1076 3F 4 %7

o g km e o

13
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3.4 PDX #-3]# % RNA 25 4 #7
7 2k 4 2 PDX -3 P =m A (Pt#] ~ Pt#2 ~ PtH3 2 Pt#ll)2 PDX | & 5§

SRR R B 1T R A A K T e 5 R R

3.4.1 Pt#2 PDX # %2 RNA Z_5 4 7

PtH2 £ 4 & & PDX |- £(PtH2-6 ~ PtH2-9)2 ¥ fR4! (512 = e A& (7 RNA %3 A
¥ 2 g p ke - & PDX ) B2 R piwe SR o AR H A FIE R E AT B
4cBlI A % Bl B 12 Manhattan distance 3+ & 31 LA I E A DL @ L gl 7]

o &) Rz BedpAp (R - ) e

1R A2 pedesh o B £ % 2 T4 ITGAG ~ ITGA9 ¥ 2 ¥ fodd (5= § “THE =
AL LELEATAH AR ERFTAI(E 2 I 2) o ¥ PtH2-6 2 PtH2-9 4p
HE2REIFT BRI C2 BT D> 7 BRI ITGBS »t Pt#2-9 2. ¢ {x4! 5 ix)e
R BFEAL P26 27 fRA SR me B & ITGA2B R s &) B
198 R SRR e B E A ITGA6 W4 PH2-6 7 2 » 23 A 4216 fold
change & i&[logy (fold change) > 1.5 or <-1.5] » »* Pt#2-9 P £33 "% » L T A4

i fold change B @ (%2> ~ %7 )

3.4.2 Pt#3 PDX # % RNA Z_ 5 A 4%
Pt#3 £ - & PDX /| &(Pt#3-5)2 ¥ fs# 2o {27 RNA 2B A 470 ¥ U
& PDX /| &2 % i ot 2 6P o A A FI AR BACH BloBl = Ao A
L FAFHERE(BI Fr ) BRI ITGA7 ~ ITGA9 »+ ¥ +fid 5 i) fm
ch BEERAE U2 ITGA6 ~ ITGA2B § B ¥ 13 5 o 37 P9 L T2
ITGB5(Bl= B %) > & P#3-58 75 LEI|H = » & A 421§ fold change B & -

14
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3.4.3 Pt#11 PDX # 4 RNA 25 & 4%

Pt#11 £ - & PDX /] &(Pt#11-8)2 » {74! 5 & j° e ti& (7 RNA T/ & {7 1Y
- & PDX /| Bl2 F Bed Bphm™ 5 /R o AP AT LR EATE Bl4cRl - Ao~
FELEEZAFAHEARE(B - By &= ) BLED ITGAGC > ® fetd L& j° w5
BEM A > 2 P2 2 PHIPDX #HApF 5 ¥ 3 BRI ITGA9 7 42 » & h4g
i# fold change & & » ™2 ITGA7 R ™ > P AARER & 5 [TGA2B 7 ¥ 1+

NE B PH2LE PHI AT EREE o

3.4.4 Pt#1 PDX ¥ % RNA Z_& A 4%

Pt#l £ — & PDX /] B(Pt#1-11)2 ¢ {54! =)o kM2 7 RNA T A A T U
- & PDX /] B2 ¥ % i S ¥R o APHAFIZREIAF BB~ Ao 245
L AT AL B (B~ B & ) LR T ITGA6 ~ ITGA7 ~ ITGBS %% ¢ 1%
Mg iERmef EEMAL S ITGA2 $ ¥ 1n's - ITGA2B ¥ ' 2k 2t

)J_%F(_g

3.4.5 if % # 4 17 (Over-Representation Analysis * ORA)

AETRFEIESTY GEN RA LR o PHATEIRE AR B
[log> (fold change) > 1.5]% ® & %t3* & % (FDR p-value < 0.01)2_ 2k ] » 113 % s
17 (ORA)en= ;8 &2 45 2 PDX /| Blz2 ¢ {4 5 iZ e w2 &2 4 F B (enrichment) ek
F1& o 277 7 12 KEGG % GO biological process # 1 F#L & i& {7 4 47 » # 12 FDR

p-value <0.05 3 L3t Eg ¥ o

1 & PDX ] Bin? fpd ke mie @ 2 KEGG #3254 47015 ECM-
recepter interaction ~ PI3K-Akt signaling pathway % X %18 2 2 5 8 (B4 = B+ =

15
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2. A); 2 GO biological process F 4L & 4 17 » Pt#2-6 ~ Pt#3-5 ~ Pt11-8 = & PDX
| B354 47 41 Cell motility ~ Cell migration % A F1 & 3 % B(®4 ~ B+ - -~ B~
Z 2. B)» @ Pt#3-5~ Pt#11-8 2 Pt#l-11 # 47 A g ksiip 2 A5 &3 5 &

(M~- W= ~H+=z2 B)-
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LR SR
41 HA R7 WML RNA LA 44
AR AELT = KMT24-r B-ALL 5 4 & § %87 RNA @8 A 45 0 L%
PR ERPZREA(R S B)EEY RESRPLHFA(FA)FALTF AFIAR
AR EFF R B RAGEERENA NZAG Y o AT UATFE R E A
(GSEA)en= ;U $t RNA A 2 Bdpie (7447 > RS T 2305 ¥ Rt SR LR
PERERAFIRG RTINS R Y a2 B [30-32] 0 ¥
A L4 ~RANKL -~ “ S48 7|5 2R S A F)2 2 B F A £ A$ BT
ARG BHE A FERLARLE -t B% > METRERFLHE ARG R L
Fh Mo R RO R SRS R 0 A 2 R SR R o R
B B A SRR AT AR TR T RN KA C R R
ERodNRF R ALY RAGRPLRWT UPE > AT @Y A R

EHAEPDXOHA] > A4 ¢ f7Al LRI RM R AT -

4.2 RS4;11 £ W # EH3]8 PDX #3222

(=3

W

ARG p AT Bom A Y E B g A E 2 PDXHCR] 0 3E A B 4P
LETPEF ¢ ARAY SRS > = R E o PDX AR * NSG™ | 85 fuag > ¥ &
R 5 KMT2A4-r B-ALL 2. A 55w f fm %2 3 RS4;11 2 7w A8 F B 0 M A%

PDX -4 ¥ L =% LIRS LI A

MRS E 22 PR REEINLEF 2 (Bl- ) 2 @ p o) BEEINr P BRI
RS4;11 5 A3t bR e 5T 32 IR T RHIT > FEh RS4511 w o] BURY
PRI RS EFEFAAB o) @ RSA1L E 5 ¢ oAl ik 4 PlEEAL?

Jei £ [37) -
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@ RS4;11 BRI E = A > AFT g gt 5 ke 7 PDX )22 = o
TR SRR PDX Al 2 47 (4 2) B¢ w iz 4 (PH] - PH2 » PHIL -
Pt#12)2_ s g fm%e ¥ PDX /] &8} 3 2 L L (R= A2 D) @ ¥ ¢ A s 4
(Pt#3 ~ PH#13)2 o M bm?e 2 L3 R RIP BB H @ 5 A (B = E) e 322 R 7 i A
WA AL EPDX ) B wmE R0 0 E s A Bt AR o A
w83 P2 FF > 2 PR A 2B we £ E4-10x10M 2 7 > 5§ #
e AL EMBEESN252 » 32 PH3 2 Pt#13 2 PDX | & ¢ #2 6x10%6 2
dinmre g o BN AEBIEE > FI R LB X g AP e A A
2R L KMT24:AFF] » ® 22 P2 22 PHI2 4pfe » fa Bt £ B v = R
R@EPLTATT R P B8 2 4 T PH3 2 PHI3 2 H & w5 4
ZPHARLDETREL > 0 DR A NP FERLL LT I KRy ok
A APEHWE B RH A A - AT RN RS OR A o GRA AR LT
Fp A o Mpdw?e 3t PDX | BUHPN 2 L@ R EWFE- HIFF - -7 p Ld @
“fﬁ EEErREEE Y - Bp A2 PDX A FE 2 > A R o A

2. PDX 3l $tezdeimnie R -

43 ®P A ERPH L 2 PDXHINER? i Eir 43

AP o 2 g ¢ RA R 2 4 (P~ PH2 ~ P#3)HE PDX | B RE
YR gk A A(Rle ASB)y = g fRA R e 2 o 4 (PHILL > PHI2
PH#I13)R1F — = A (PHI)HPDX | LAY fpdl iz (Ble C)» Gt o
BIRS e ﬁ—wp\éﬁ.ﬂ_ T fn Ve FE Y o ﬁﬁ_élf*kéﬂf Fed? A xR 5 B-ALL wmPe 4 i
242 4[38] @ PHIl it @ fRid 5438 E PDX [ 87 - &> ¥ i
FOARA GRS A QNG AR 4 RS AR BAR kR G A

P oA REIVAERET RASERAARCTRE- HIFH o
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4.4 PDX /| B¥ 154 52 % 2. RNA 25 4 17

pPDX | B89 fpdd Tz tlis AT RFHEEFRNA LA 7> &
Mg R - & PDX ] B2 R Rphere LR o SEA T 0 R R L e PDX
JRLFARPELFATY i S e i (R 4); W P AR S
ITGAG6 ~ ITGA7 ~ ITGBS » %+ Pt#2 % ITGBS » ** Pt#3 B % ITGA7 % ITGA9 > & %
Pt#11 B E_ITGAG ; ¥ #t » 7v 3 B ITGA2B t P2 ~ Pt#3 ~ Pt#11 7 PDX ¥ g4 &
BlEmet AAE O PHI BT AR AZHRIEY  ZATIARAEE Y B

BRI ZMBIETE- HIF -

*+ 2020 & Shah Scharff BFS B 5% 4 2. 7 7 3% 5 ITGA9 s g + 2 &2 B-ALL
W R sk RS M31] > @ PW3 hPDX ¥ Rl i e % ITGA9 % e
Adgrz %4 o/ 2018 & Yao Hisayuki B3 P 8 4% 1) B-ALL ‘¥ %v} integrin
06 &5 ¥ HEE2 laminin & & > ©d fE A F 88920 0 F (emissary vessels) T {7 T
ek T 2 M [30] 0 2 ¢ integrin a6 d ITGAG % if 5 2 mEe st Pl 2 Pl
A5 IV ITGA6 F 32 > 3 PH2 2 PH3 fr A A5 Midple cng % o L 3w P 4 2
PRRA G Bl 2 a0 R B RS AR o FA R 4 Yao
Hisayuki B [§ %77 ¢ & * ALL i 4 2 8 w12 2 RCH ~ Nalm-6 % B-ALL ‘m

ek e kG KMT24-r T3] -

¥ ¢k » 2021 & Sujeetha A. Rajakumar B 3 #]4% ) B-ALL 4] * RANK-RANKL %
IOER A e o JED B (TR AT A 2 erk T e i [32] 5
RANKL & TNFSFII 7 F14.i& » »* Pt#11 PDX ¢ ff#d Slwre 2 L R E 4 2 4217
fold change R & [log: (fold change) = 1.474725312] » ¥ ® 5 i 338 ¥ (p =4.67¢-
R+ w > &) 3 PHI~PH2 2 PH3 RIZ AN AR > ¥ F AE R8P
¥ o Pt#ll 2 5 oo >t PDX ) A F % S @4l Ele? il 5 A g R -
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B -

AT FeF 08 4 e 1T (ORA) 02 34 2 47 PDX ¢ A iR e P2 ek I3
# o W KEGG TR T #4474 = 2 4 2 PDX ¥ fgd! &k J° w3 ECM
receptor interaction ~ PI3K-Akt signaling pathway % & %1 & & & ¢ 7 AT
ITGA7 ~ ITGAY ~ ITGB5 > @ {6 ¢ ¢ 7 72 F15 ITGAG6 ~ ITGA7 % - 12 GO biological
process T LR B A 47 1 &2 oz iE ¢ (motility) ~ 38 4% (migration) ~ Z_i*(localization)
FAMAOATIE br m L Y R R 0 E G PHL S PH3 o PHIL A 47 A ik
23 & (nervous system development)szk F1 & 5 % B o S5 ori 0 A R RS EiT

& FIE ¢ i TP fRdd B e ol B R - egR T o
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s

ﬂiﬁﬁi"ji‘ﬁKMTZA-rB-ALL—‘)?a AR o2 RS e AR T RNA 2/ ~ 47 0 A
FRIPRHEEPRAPHE RYLRPRAIATEEFT > " AR
iﬁiiélfj%ﬁi BE&% ~RANKL - i FAR1- F]F S E A F5 2 ML E - 273
HHmp A R R R SRR ES A ERAPM ATIARE L > ks
PDX 322 = B8 ¢ fpad i e Ha 48 o RS4;11 fw% tho 5% % % 11 2 PDX 9 %
FERT AP AL Rl T o e NSG™ | B> £ 0 5 o A 2 iy dw i 30
BN 2 K Peig o 3 PDX RN o oA RAZ Y R ERP AT S L
Mo fa- &Y RGPk 4 # PDX ] BARY fRi B &P« § PDX | 8%
o > A s B i€ 7 RNA % A 47 0 12 PDX ] B2 # 4 i im% 5 $F65 IR
%5 & % Jh F1ITGAG ~ ITGA7 ~ ITGA9 ~ ITGBS %3 # REN 2 » 507 s A 42 2
HF) 2k o ¥ o FIITGA2B A F| 472 PDX /| B% 2 BB % o #F 4 s
+7(ORA)% I PDX ¥ 84 & 12 J° % ¥ A 45 31 ECM receptor interaction ~ PI3K-
Akt signaling pathway ~ (m?2 &6 ~ B4 ~ T =54 A FIHE 12 4 5 L g E 4p
MAFIEF & o & ECM receptor interaction ® ¢ 7 ITGA7 ~ ITGA9 ~ ITGBS > & %
PI3K-Akt signaling pathway » B|& 3 ITGAG - 31 #7it » A~ = #32 = PDX #-

A A 0 R KMT24-r B-ALL ¥ {542 S5 B jo A B 2 ¥ a0 AL FIRA S -

hoREE L AL AT R BV PR 2 4o RANKL #38- 47537 b g 4
B fRdd g ime gland & > g AR R GRS L 8% FHF LSRG
TR KMT24-r I 3] B-ALL 2 7 f%4d S5 @ e 4] » 11 2 £330k - L 37

ES

ERE A S
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CNS(+) (n=7)

CNS(-) (n=6)

Diagnosed age (year)

Gender

Male

Female

Fusion partner

AFFI

MLLTI

MLLT3

MLLTI0

WBC count (k/uL)

0.07 — 15.52 (median =
5.67)

11.4—-581.6

0.25 — 16.4 (median =
0.53)

125 - 654.21 (1 N/A)
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Exp Pt Diagnosed age . Sample
D) Gender (year) Fusion CNS status N
1 M 0.41) KMT2A4::MLLTI Positive BM
2 M 0.07) KMT2A::AFF1 Positive BM
3 M 15.52 KMT2A4::AFF1I Positive BM
11 F 0.52 KMT2A::MLLTI0 | Negative BM
12 M 0.25| KMT2A4::AFFI Negative PB
13 F 16.04) KMT2A4::AFFI Negative BM

%= - PDX 2R % < TR
M PE 2 = KMT2A-r B-ALL }]% A 3217 PDX $£3] 2. 22 = o CNS status » & %7

P2 Y R G iie A0 BM o Ao PB ¥ i o
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PtID Age at PDX Pt CNS PDX Doubling time (95% CI)
diagnosis | mouse | status mouse | (batch 1/2/3)
amount CNS
status
1 0.41 13| positive positive 6.454 (4.558 - 11.5)
15.71 (8.997 - 61.94)
15.24 (9.563 - 37.46)
2 0.07 13| positive positive 6.540 (5.659 - 7.746)
16.21 (9.141 - 71.41)
28.17 (17.50 - 72.14)
3 15.52 5| positive positive 63.31 (37.13 - 214.8)
11 0.52 8 | mnegative | positive 11.55 (8.516 - 17.93)
31.92 (16.33 - 707.3)
12 0.25 8 | negative | negative 17.40 (12.52 - 28.48)
14.70 (11.27 - 21.15)
13 16.04 5| negative | negative 59.96 (44.57 - 91.56)
RS4;11 34[34] 10 | positive[37] | positive 12.65 (8.064 - 29.36)
(batch 1&2) 13.93 (6.695 - )
%= > F + PDX AT
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Name Change Fold change (log2) Significance (-logio FDR p-
value)

ITGBS | Unchanged 1.494733404 0.660220721
ITGA9 | Unchanged 1.054593753 6.304088039
ITGB4 | Unchanged 1.031809283 6.422315052
ITGA6 | Unchanged 0.885379995 11.1869294
ITGAE | Unchanged 0.685737093 6.497248125
ITGB2 | Unchanged 0.617791932 7.08004333
ITGB5 | Unchanged 0.605693047 1.08985145
ITGAM | Unchanged 0.53715906 5.26525984
ITGA1l | Unchanged 0.380811725 0.625670602
ITGA10 | Unchanged 0.346612659 0.447991998
ITGA2 | Unchanged 0.22372397 0.380114697
ITGBI | Unchanged 0.11651481 0.490181372
ITGA7 | Unchanged 0.019017691 0.055125011
ITGA5 | Unchanged -0.078169269 0.291580533
ITGAL | Unchanged -0.13063693 0.5518191
ITGA4 | Unchanged -0.198356891 1.063296713
ITGAX | Unchanged -0.375151849 2.579267384
ITGAI | Unchanged -0.613723452 0.834942722
ITGB7 | Unchanged -0.867187321 9.550564007
ITGA3 | Unchanged -1.187043786 0.530310142
ITGB3 | Unchanged -1.275767967 2.220234246
ITGAV | Decreased -1.631601495 5.115621965
ITGAD | Decreased -2.157462127 3.581106149
ITGAS8 | Unchanged -4.137719835 0.485419972
ITGA2B | Decreased -4.969218048 8.609527398

%‘E N gg%%ﬂ%& Pt#2-6 PDX s ’}"ﬁ,}d éif'l—'atjagmpé*fli’d’%g;ﬁ,i
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Name Change Fold change (log2) Significance (-logio FDR p-
value)

ITGBS5 | Increased 1.5130743 3.07577939
ITGAE | Unchanged 0.802342813 6.750589693
ITGA10 | Unchanged 0.798686731 0.075007487
ITGAL | Unchanged 0.550576631 3.317378052
ITGB2 | Unchanged 0.385847906 1.977964901
ITGB4 | Unchanged 0.342810339 0.384944468
ITGBI | Unchanged 0.289579401 0.977354593
ITGAM | Unchanged 0.245649417 0.662304023
ITGAY | Unchanged 0.160013427 0.12315013
ITGAV | Unchanged 0.12048776 0.032546305
ITGA4 | Unchanged 0.085765712 0.129481424
ITGB6 | Unchanged 0.074103834 N/A
ITGA5 | Unchanged -0.0242511 0.018060459
ITGBS | Unchanged -0.106193796 0.002137708
ITGA3 | Unchanged -0.117698957 0.00258375
ITGAX | Unchanged -0.122925408 0.141476801
ITGB7 | Unchanged -0.309842143 0.766632842
ITGA7 | Unchanged -0.468940531 1.864960737
ITGA2 | Unchanged -0.778375195 0.588694867
ITGA6 | Unchanged -0.877686839 5.249691886
ITGAIl | Unchanged -0.959586112 0.639683234
ITGAS | Unchanged -1.074001401 N/A
ITGAI | Unchanged -1.113957526 0.469910505
ITGB3 | Unchanged -1.319397335 0.956537685
ITGAD | Unchanged -1.686291611 0.863045931
ITGA2B | Decreased -5.206776182 7.64028323

27 ~ELHATFINPHIPDX Y A Bkl me i RE

N/A> #5358 o

31

doi:10.6342/NTU202404171



Name Change Fold change (log2) Significance (-logio FDR p-
value)

ITGA3 | Unchanged 5.296577673 0.437481343
ITGA9 | Increased 3.284947458 6.716340034
ITGA7 | Increased 2.32020689 2.737754807
ITGBS | Unchanged 0.611676859 4.750640734
ITGA4 | Unchanged 0.490629777 3.862925688
ITGA1l | Unchanged 0.314165943 0.181392599
ITGB4 | Unchanged 0.067788188 0.024938841
ITGB5 | Unchanged 0.049803282 0.039909649
ITGA5 | Unchanged -0.031344161 0.051939533
ITGA10 | Unchanged -0.238876542 0.150896435
ITGAE | Unchanged -0.666720849 3.802574235
ITGBI | Unchanged -0.887809074 11.40748767
ITGAL | Unchanged -1.122371953 17.00663893
ITGB7 | Unchanged -1.438746515 8.755093757
ITGAX | Unchanged -1.504369877 1.449531739
ITGAV | Decreased -1.603554381 11.91075971
ITGB2 | Decreased -1.816327044 34.39808311
ITGB3 | Decreased -1.824986422 2.158346266
ITGA2 | Decreased -2.37351003 12.06020825
ITGAD | Decreased -3.219770277 3.861565372
ITGAS8 | Unchanged -3.304435599 N/A
ITGB6 | Unchanged -3.304435599 N/A
ITGA6 | Decreased -3.368320434 6.19259898
ITGAM | Decreased -3.777279174 27.56824099
ITGA2B | Decreased -4.083859706 12.27275858
ITGAI | Unchanged -6.174094355 0.542071738

22 SELEZAFNPHI-SPDX Y B LRl me A RE
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Name Change Fold change (log2) Significance (-logio FDR p-
value)

ITGA6 | Increased 4.577172123 32.69254585
ITGBS | Unchanged 2.008148642 0.774567394
ITGA3 | Unchanged 1.954503131 0.448257461
ITGAV | Unchanged 1.375289574 1.136345112
ITGAY | Unchanged 1.189683166 12.32263406
ITGB3 | Unchanged 1.05373008 0.622684736
ITGAI0 | Unchanged 0.691950115 1.175430615
ITGA4 | Unchanged 0.618632141 5.971415949
ITGAM | Unchanged 0.471074095 3.250404436
ITGAD | Unchanged 0.352822067 0.214780825
ITGA5 | Unchanged 0.290316168 1.296931632
ITGBI | Unchanged 0.27764583 1.22185077
ITGB5 | Unchanged -0.025250855 0.036457946
ITGAI | Unchanged -0.025854864 0.000915959
ITGB7 | Unchanged -0.124463761 0.340829502
ITGAE | Unchanged -0.125906607 0.247416251
ITGAL | Unchanged -0.151510015 0.470166018
ITGAX | Unchanged -0.268830647 1.189158998
ITGAIl | Unchanged -0.310627825 0.129888591
ITGB4 | Unchanged -0.319679834 0.158197125
ITGB2 | Unchanged -0.45990944 3.212475074
ITGAS8 | Unchanged -0.761082032 1.347039916
ITGA7 | Unchanged -1.322677212 21.22736383
ITGA2B | Decreased -2.290466363 2.192038176
ITGA2 | Unchanged -5.603789914 0.424922793

2 S KFEHATN PHILSPDX ¥ il SR m% ip i 22
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Name Change Fold change (log2) Significance (-logio FDR p-
value)

ITGB5 | Increased 7.182508417 209.4816658
ITGA6 | Increased 3.536914172 128.7197633
ITGAM | Increased 3.480344415 125.2711359
ITGA7 | Increased 4.888445348 74.0562227
ITGAV | Increased 4.436920215 42.48916767
ITGB2 | Increased 1.562420842 37.10343504
ITGAD | Increased 4.547209006 36.90196875
ITGAX | Increased 2.890752878 36.03824265
ITGB4 Increased 2.916327273 16.9841538
ITGAI0 | Unchanged 1.499301276 11.40779736
ITGA3 Increased 8.533156131 9.916536674
ITGAY | Unchanged -0.701249766 7.650626699
ITGAIll | Increased 1.777293616 6.757405617
ITGBS | Increased 6.447630698 5.681515286
ITGAL | Unchanged -0.41799798 2.953713705
ITGA5 | Unchanged -0.410867656 2.898552585
ITGAI Increased 3.923236109 2.140306085
ITGA2 Decreased -1.705613791 2.086955545
ITGAE | Unchanged -0.3058478 1.489688727
ITGA2B | Unchanged -0.500659215 1.413477585
ITGB3 | Unchanged 0.536022572 0.722645807
ITGB7 | Unchanged -0.182830162 0.591979944
ITGAS | Unchanged -0.196024471 0.501648011
ITGBI | Unchanged 0.121140433 0.389864475
ITGA4 | Unchanged -0.092795195 0.270542148
ITGB6 | Unchanged -2.179034451 0.232264453
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Pt | PDX Sample Upregulated integrin | Downregulated integrin
ID | mouse ID | type genes genes
1 Pt#1-11 Brainvs | ITGAI, ITGA3, ITGA6, | ITGA2
BM ITGA7,ITGAIl,
ITGAD, ITGAM,
ITGAV, ITGAX, ITGB2,
ITGB3, ITGB4, ITGBS,
ITGBS
2 Pt#2-6 Brain vs None ITGA2B, ITGAV, ITGAD
BM
Pt#2-9 Brainvs | ITGBS ITGA2B
BM
3 Pt#3-5 Brainvs | ITGA7, ITGAY ITGA2, ITGA6, ITGA2B,
BM ITGAV, ITGAD, ITGAM,
ITGB2, ITGB3
11 | Pt#11-8 Brainvs | ITGA6 ITGA2B
BM

21 ~EEFAFWE PDX ] KA 2 A0
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Mouse Change Fold change (log2) Significance (-logio FDR p-
number value)

Pt#1-11 Uuchanged -0.192296609 0.039638541
Pt#2-6 Unchanged -1.393025185 0.882761353
Pt#2-9 Unchanged -1.862215886 0.466036216
Pt#3-5 Unchanged 0.995367185 N/A
Pt#11-8 | Unchanged 1.474725312 6.330618141

# 1+ ~ RANKL(# %] & TNFSFI11)*>* PDX ® fs#d S 2 me jpir 4 R E

N/A» 235 o
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