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Roundabout 4 (Robo4) & - fAHWALF M F A3t friee 2 0 ¢ 0 L e
R0 o BiTHT T B I & #7m % Robod A IR H A F RpAcR B ¢ Al
B L BB

¥ B Tk ¥ (bone marrow microenvironment, niche)# & 7 & & ¥F fo ¥
(hematopoietic stem cell, HSC) & {7 p #* { #7 (self-renewal) ~ * R (quiescence) ~
E]T? 3. (homing) £ 4& » (engraftment)-4 it (differentiation) % 3§ # FfF7RIR 3
ARGy P RMARET LS MY L5 (acute myeloid
leukemia, AML) =3k Iﬁaﬁﬁﬁ% (leukemogenesis) 7 B -

14 W &% Robod & F LM EMAF LD oo 9T o F 50
fREHE T AL L % Robod £ Feng MA LM F AN & B R H Tk £
3 AT A B ke A n i A RA A S A TR F ¥
Mo A e B R S 4l F R & 22 (real-time quantitative polymerase
chain reaction, RQ-PCR) 4 47 & M ¥ #g v = T B '?qz A7 2 % F &L (bone
marrow , BM) %8¢ Robo4 mRNA =% 3 o

Atk p 1995 # 3 2006 & FF3t 2 = meL RADETL EEF R
o 2 He AR B s R o & 3 148 l‘"’%ﬁd TETEREFRGF RE S
(RQ-PCR) 17 2 & 374~ %7pr § #LH 1% w72 Robo4 mRNA 4 JLo Tk % A
17& Z1% ~ 2d -FAB 28 ~ A2 B ¥R 0¥ f 0 3% 2 5 w2 (blast) #&pP -
% ¢ %~ {r#cp ~LDH #iciEd ~ 29 R R ISP EIEER o 4 4% Robod

mRNA £ JenF 287 % 88 5 % 8 (overall survival) ~ I}ia F 53 (disease-free

.

survival) ~ ¥ %5 (remission rate) =4p B & K 3EG H HF3E 2 B o
148 fiff]iﬁ,&t’ 3O FH T A A P AR 40 B Y
FERELTRMS & B R F A LT HE 12 9% Robod mRNA i 4R

¥ 300 ¥4 m e (P=0.0016) - 2 0.010 (Robo4/RPLPO) * 5 R & (cut-off



value) > & 4~ = Robod § # 3 (n=61) £ M &R (n=87) & 2Tk £R> & >
Bt e s EE AT B0 w2 T ek v d F s n ) FHP
LDH #E g8 ¥ 4 - % o heof > & > Robod & £ yp &G L4 fglde o
s % HLA-DR F512(85.0% vs. 62.4%, P=0.003) 2 CD56 F#1£(30.0% vs. 8.4%,
P=0.001) &t GlE F g o

142 = (96 %) HREALEMF uhBALd Mofrgsk B 67 =
(472 %) t& M RiEgd d R F - Robod & & s &3 4 «(8;21) o 5 (20%
vsS. 2.3%, P=0.0009) % ¥ # 3 - t(15;17) 4 5 P BE ¥ #2 1€(1.6% vs. 14.9%,
P=0.0081) - &% Wigh @2 N E ¥ A FIEEL > 5 > Robod § & i &
% 4 DNMT3A % % e & (P=0.0543) %8 ¥ o 3 > CEBPALWe muation pyg
(P=0.024) P|&g F f i< o

148 o & @ 3 107 i (72.3%) efeX Rl inf e E 3= 2 ¥ f2 (complete
remission, CR) * B eP3E (s > w ) Robo4 & # TR £ BFiphrck L cntfe
(CR rate, 63.9% vs.78.2%, P=0.0643) ¢ 7 ® s 31 B ? i gy b (F°F 4 >0
1.0 2 160 i * ) > Robod & % Jjs & it 4l FiEE (¢ ¥k, 17.0 B * vs.95.0 B
', P=0.023) % & Fiad (¢ ¥ 5.0 %" vs 15.0 B ?, P=0.024) 5% F ik
A2 HE P 997 B b4 ¢ %427 (intermediate-risk cytogenetics) m}l‘;‘a B
Robod & % i & hii iz Y (7 =8, 135 B 7 vs. 950 7 ,P=0.007) % &
f)]%T# a8 (¢ 8,40 B 7 vs 10.0 i ? ,P=0.025) ~ B F L o

Cox proportional hazards % %3 » 477 JUF R > Ed#s X 30 50 &k ~ 4= 4rpF
¥ F 9 & B p 3 50,000/ul ~ FE {8 A i 2 % ¢ 48 4% Al (unfavorable
cytogenetics) % Robo4 7% % I (Hazard ratio 1.779, 95% CI 1.005-3.149, P=0.048)
SAM G E W R OL b 2 A (5 F R 7] 3 5 CEBPAMW muton g
NPM1™ @O /FLT3-ITD™ 0™ p 4 ‘8,88 75 75 8 i & e = S 15 FERI F] 5 5 A
50 K AL e R F Y & ZRBP £ 3T 50,000/ul ~ FEfE A iE 204 ¢ KB A

(unfavorable cytogenetics) % Robo4 1% % IR (Hazard ratio 1.779, 95% CI
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1.005-3.149, P=0.048) + & Js 7+ i& ¥ L £ b = 57 15 97 p) F1 5 > CEBPA™™"
muion gy NPM 1™ ELT3ITD™ S 2§ 5 7 58 90 e i el 57 15 9 7] %)
3 o

AT R AL MY & T B ’f;]‘ 47 $7pF F BH % m % Robo4
mMRNA 3 2RI Fend e BT EPFLEREY AR %L I H
PAlOm R EE L L& & & HRFEHE (leukemogenesis) # - Robod * &

hiE® g2 122 (8;21) ~ DNMT3A % e 3 (8% B iFie— HAT] o
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= . ®2 & (English Abstract)

Background and Purpose

Roundabout 4 (Robo4) is a transmembrane protein expressed specifically in
endothelial cells and hematopoietic stem cells (HSCs). Recently, Robo4 expression
was shown to be tightly associated with bone marrow (BM) microenvironment and
involved in HSC homeostasis. BM microenvironment provides support for
self-renewal, quiescence, homing, engraftment and proliferative potential for HSCs.
Emerging evidence suggested that BM microenvironment may play a role in the
leukemogenesis of acute myeloid leukemia (AML). Till now, there has been no study
concerning the prognostic implication of Robo4 expression in de novo AML.
Methods and Materials

We investigated the RNA expression of genes' encoding Robo4by real-time
quantitative polymerase chain reaction in the BM from a cohort of 148 newly
diagnosed de novo AML patients who received standard conventional chemotherapy
and 20 healthy BM donors at the National Taiwan University Hospital. The
expression of the target gene was normalized to that of the housekeeping gene
RPLPO.The result was correlated with clinical features, cytogenetics, other genetic
alterations and treatment outcomes.
Results

Among the 148 AML patients recruited, 78 were males and 70 were females with
a median age of 46 years. Median levels of Robo4 expression were significantly
higher in AML patients than in normal BM donors (P=0.0016).  The patients were
then divided into two groups, one with low expression of Robo4 (n=87) and the other
with high expression (n=61), by using a cut-off point of 0.010 (Robo4/RPLPO). There

was no difference in age, gender, hemogram and LDH levels between the patients
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with high and low Robo4 expression. Patients with high Robo4 expression had higher
incidence of HLA-DR and CD56 expression on the leukemia cells (85.0% vs. 62.4%,
P=0.003 and 30.0% vs. 8.4%, P=0.001, respectively). However, there was no
difference in the expression of other antigens between the patients with high and low
Robo4 expression.

Chromosome data were available in 142(96%) patients at diagnosis and clonal
chromosomal abnormalities were detected in 67 patients (47.2%). High Robo4
expression was closely association withchromosomal abnormalities t(8;21), but
inversely correlated with t(15;17) (20% vs. 2.3%, P=0.0009 and 1.6% vs. 14.9%,
P=0.0081, respectively). To investigate the interaction between Robodexpression and
other genetic alterations in the pathogenesis of AML, a mutational screening of 16
other genes was also performed. We found that Robo4 expression was significantly
higher in AML patients with DNMT3A mutation (P=0.0543), but lower in those with
CEBPA mutation (P=0.0240).

Among the 148 AML patients, 107 (72.3%) patients achieved a complete
remission (CR) after standard intensive chemotherapy. High Robo4 expression was
associated with a trend of inferior response (CR rate, 63.9% Vvs.78.2%, P=0.0643).
With a median follow-up of 31 months (ranges, 1.0-160), patients with high Robo4
expression had significantly poorer overall survival (OS) and disease-free survival
(DFS) than those with low Robo4 expression (median, 17.0 months vs. 95.0 months, P
=0.023, and medium, 5.0 months vs. 15.0 months, P=0.024, respectively). In the
subgroup of 99 patients with intermediate-risk cytogenetics, the differences between
patients with high and low Robo4 expressionin OS (median, 13.5 months vs. 95.0
months, P=0.007) and DFS (median, 4.0 months vs. 10.0 months, P=0.025) were still
significant. In multivariate analysis, the independent poor risk factors for OS were

older age > 50 years, high WBC count >50,000/uL, unfavorable karyotype, and high



Robo4 expression (Hazard ratio 1.779, 95% CI 1.005-3.149, P=0.048). On the other
hand, CEBPAPle muation 5nq  NPM1™@o™/FLT3-ITD™™ " were independent
favorable prognostic factors. The independent poor risk factors for DFS included
older age > 50 years, high WBC count >50,000/uL, unfavorable karyotype, and high
Robo4 expression (Hazard ratio 1.600, 95% CI 1.026-2.495, P=0.038). CEBPA™""*
mutation and NPM1™ " /FLT3-ITD™ ™ were also independent favourable factors
for DFS.
Conclusion

Our results demonstrated that high pre-treatment expression of Robo4 in the BM
indicates an unfavorable prognosis in de novo AML patients and the prognostic
significance of Robo4 expression for OS in the subgroup of patients with
intermediate-risk cytogenetics was even more obvious. Further studies are needed to
explore the mechanisms of this gene expression and its interaction with t(8;21) and

DNMT3A mutation in the leukemogenesis of AML.
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¥# (Introduction)

Friie );;‘%B"}EE
Roundabout (Robo) #2% £ —%# & & & % ¥ 1L (highly conserved) #3d-v >
& E IR $-9 A2 R2% (immunoglobulin superfamily) (1) - Robol ~ Robo2 fr Robo3
SfEE AR 10 0w fhipPRA @ 30 S B AL A IR B9 % % (immunoglobulin domain)
#2 3 % fibronectins ; 4p#i2. T > Robod m¥z ¢t iR e 77 3 B LA IR F0
¥ 32 27 2 1% fibronectins (2) © Slit 7 ¢t fa i35 v Hpe 48 (ligand) - 7 Slitl ~ Slit2
Fe Slit3 = #& o Slit-Robo 3 & & H 52T S~ a4 Gi#hR 4 £ 44 (axonal growth
cones) Ty ¢ e (3) o Robod ¥ — B2 H @ Robo & B # F 2 ffet
Robo4 i ikins L0 A % 1 (4) o Bedell VM % 4 chsr 3 4% %5 7
Robo4 f iz ?seis § # 4 (angiogenesis) E%* ¢ & 7 ¥ 440 & (5)- Jones CA ¥
A o] BUEAR e A ;;);59334-;: A R Slit2-Robod i G #r|8 w ¢ 3 24 5 B
% 2 A4l g p A4 K F]F X4 (vascular endothelial growth factors receptor 2,
VEGFR-2) B ji'atfa ¢ Rk A (4)  Marlow R & 4 i3] wm“ﬂ]l‘? 1
%}*Iﬁ;Slit2-R0b04%’*§r} T2 (down-regulate) F #5e1Src 2 FAK #2% kinases #%
4 (counteract) VEGF-VEGFR it % (6) o &% ~ %2 {e 2% KR g # & it
RN o B Yo T P AR 3 IR Robod chA IR (7) 5 B 2] de e TR B n
T ’J‘ 7 Robod kR en® M¥ iy friffs 5 B (8) °
Shackney *% 1975 # #5 it 7 ¥ ¥ p ehlw 2 #F E - & (gradient of cell

development) (9) > i # i F B4 (endosteum) T i ik A it dmE fLa B OE
W O BDEH 0 & e e i (differentiation) £7 2 345 BE e Schofield B>+ 1978
# 4% 0 F Bk B (marrow microenvironment © % £ niche) it 4 (10) 0 # 32
L IR A - BHAEE Y FR RS WL e s L T g

viEdsE c MEF AP AEFEFMEM LG AR L LR
(quiescence) e LM TE 8 (endosteal niche) (11, 12)% ¥ it 2238 o §7 fwbe & it

7 B chn o McIR B (vascular niche) (13, 14) -



CXCR4 # 44 CDM4 Bt iEme 2 v n Il #¢ eh— #& chemokine
% %8 > stromal cell-derived factor-1 (SDF-1 > » ,T*u{ CXCL12) 5 H 48 (15) >
CXCLI12-CXCR4 11 fm¥2 p 2 07 34 (cell autonomous manner) % ¥ i i i ‘m e
TR B P K2 $ iFee B (HSC pool) iadF (16, 17) ° Avecilla ST
% 4 e ¥ CXCR4 ¢ #r4E $5n% (megakaryocyte) s ¥ Tk 545 #° 3 i
s v g o e g Ar (14) © TRA A 3 RIS R CD34 BIEE L F e & 5
(acute myeloid leukemia » AML) &, 'fg ek CXCR4 £ g ¥ - B 558
(overall survival » OS) #ix # e > 3¢ {8 %]+ (18, 19) o

FREE 2 LR M T LN AR ARG LB R E (20, 21) < Padro T
EAL FRAEMEF MY & P ,ﬁ,ﬁ ¥ %27 VEGF 2 VEGFR-2 7 #8 & # IR %
(22) ¢ &% o §oHRA7 ) BIRFE ¥ AES i P % 4R (dynamic MRD) &
(23) - * Bfangiopoietin-2 mRNA % 3. (24) - % 2 4 B § 8 2 B % T3
R ERE R Lp R A R BHRL B RS o b pee (22)
g RO (25) AR A Bl B M A F)S 2 & B 4G Gl o b ke
HARITRAR > 27§ § % g 5 RS CXCLI2-CXCR4 2 # ¥ § 4
4 &G B (26)

Colmone A & AP 7 ¢ & J5i7 w? (leukemic stem cell) #- ¥ g o
MMERB TGS ERAREES 2V d e ifoe b g Y ¢35 B ¥ T i
(27) - Lane SW % 4 % 33 0 b pdzimie Jhd B 4 r B2 F A RAURE ¥ i
7w ek B~ F 3% CXCLI2-CXCR4 § B hjf & (homing) % & »
(engraftment) &% » 2h3F ¥ 2% 7 FBMTRE > U lAaFFF LR TR Ao R w2
A A L 77 (self-renewal) =iy 4 (28) - Meads MB % % i&— # #% 11 1 &2 F &84Tk
By M BB Rom e ik B e N R B }%’E‘ EEE A S B
(soluble factor) % ‘m*z Ak (cell adhesion) = fa{%# 2 4 F& |+ (29) -

1988 # &% — B A & d | &t w §7 w?e 77 [rving Weissman 7@ f5 >t Stanford

University £ = 7 = 35 ) & #p 31$ & #7 0% (long-term HSCs, LT-HSCs) ~ &4y



1 & §7 'm?¢ (short-term HSC, ST-HSCs) ¥? multi-potent progenitors (MPPs) 14
% {&3% o Irving Weissman B Ff %7 3 3 3 = 433 o 87 dw e e 14 0 4 4p i o
fe 2 E i a fRimr chp A AT H A 4 5 o Robod chA R4 B3 (30) -
Shibata F % 4 &7 5 & 77 1 & 7 2w 2 + 0 Robod 22 ‘adF i o i7 w2 (HfE &
(homeostasis) 7 B (31) o Smith-Berdan S % £ i&— ¥ 77 7 3% 3L Robo4 4 I
BB TR BB R g L iR > L & IR Robod i i §7 e F BE

i A A BREAME Y A EBE S CXCRE ¢ 1 1215EAF Robod hF 4 (32) -

Irving Weissman B} 0¥ — 38 3¢ & 7w L F|L M Eregw= 3 P17 Robo4

N~

EIRC IR £ L s r)]‘a‘aﬁf%,f‘em’?é £ B itk (33) 0

TRkt oo AHEERL ALz S S B RS (multiple
myeloma) (34) % 2@ A £ # © % (non-Hodgkin's lymphoma) (35) T Bre 3 %=
W isk %% F plerixafor (CXCR4 3:4u#] )22 G-CSF & & & * o H jhit *
G-CSF %} #+ fc B P A Wid o i3l 546 » % B & 5% 4 4 1 5 (FDA) +
© 2» 2008 # 11 * $278 plerixafor & G-CSF & # i€ % >t bt &2 % i o 4
HE P HAEEET MY o fffs %-‘F*f » 41* plerixafor *+ # CXCL12-CXCR4

KH A 1 ARCR R - /2 B TR ER 2R AT U Fen (36) -

Robo4 A=k 3 5 A F p L e 5§ el e oL 4> U ;ggi Frd| 2 o ¥ ch
o pH A R F RO Y E A TFT L F IR Robod » F AT B
m* (30-32)° # ¢ 2011 & % § » [ P54 IR Robod F5d #2 CXCR4 2 3 17 % %
N Hid ok B e B TR B ¢ ﬁﬂfi}'ilf'i’ﬁp’f‘ii@ﬁi (32) - CXCR4 # Ben®g 122
CD34 I E M+ o » )]35 B K A Ffe3 B (19) > CXCR4 iB4ud| i s *
RS G RGRGA36) v Ry AR FREILT RLL Y & e LT 5 Robod
hi K KA L o AT S ehi B P ihEAT 7 Robod hi- B A 1t Rl v
s dm P2 ehd 3R 0 X447 Robod & Rehg M E M MY &op R R R

<
Ll



FyaR s £

AR AL & K 4FTT Robod o & a B4 » Fuldpilis gL R
3 MOwmE R AT ARAERT RS LI LEREPFEH A
& & % (real-time quantitative PCR,RQ-PCR)1772 2 » 247 & {44 #2426 o 5 & A
A 25 %7 PE 4% H % %o %% (marrow mononuclear cell) Robo4 mRNA #4 B % - T
BeenhAidp e Fu s ER ALY B0 n RIKP BT e vk d F
w | % #cE LDH > Robo4 % 1% K2 FAB 4~ 4f ~ 4 4 f8 5% 1 2 class /Il £ %)

RELTF ML AL B o nfock A 450 7 Robo4 # eng i<

ik

> ¥ 2% (complete remission rate) ~ 4448 3 % ¥ (overall survival) ~ & o Gisd)

(disease-free survival) erff B4 o

TSR Jﬂ+ﬁiﬁ%%ﬁwkﬁéﬂ - AR EMREFEF RIS
EBELALE BRI R ML RO B TR o4 MR AP A

?*ﬁWWﬂiBﬂ’ﬁaﬁiﬁﬁﬁﬁﬁﬁﬁ%%éﬁﬂ#(%p—%ﬁm
HE AN A G MR TR SR AF RS SR RS L op R I
7B (39) bk BT B P A T e (stromal cell) £ flpA M R o
Tt G A i 4 2 KRR (A0) - FAEA T AL i 2 T 0F
* iR dg D CXCR4 &2 CD34 BB L&A F Bl d L & ¢ 0718 5 M > & ik
8P ¥ CXCR4 B 4 %% ciRobo4 £_7 ¥ 11 1% % 37en4k

FRIFS > A LR atka s RERF RN 2 pRSieR S N LEE

- Wit



1§ iR p eh

P = Robo4 iz w2 Wt 48 > &1 Jﬁ‘%{f“*nﬂ-)??_gmmﬁnwﬁ'
FEHRY & Zm,ﬁ

° I"]LLL j\,k,};ﬁl '5»;3'-»{3» .

3 _\i;f}}isé‘f’l’s:ﬁ‘i?}tp,ui; K ig o iR e 7

A7 5 £/ ¥ 2 (transforming
events) g% (41) > AL E i w #7245 5 1 Robod
tho o w2 L - A

3 ~'*ﬁéﬂ?7§fé °

GRS T-R
B3 NP e

(=) fI* TR T EREFRYF Be 21T L 8L LY & 5/ &
Robo4 mRNA =4 3§ %

<:>¢ﬁ@&mﬁ&%ma"

7 g

4 &_T o Robod i1 35 B o
(=) Robo4 # e

R ML Srend %%;f,]“* 0o }}% BARSIPRFIF B eh2 3
T AT ¢ RFRBOTRARE o



T, By EE A
(=) FLH%
B TE T 148 =2 1995 &£ 3 2006 E B AR S8~ F %%F%“ﬁ;{
%P%Zf}t’/\ %1 5 R %t (de novo AML) z_ % 3t 15 #& Ff B oo EF MY o i £
& % & _ix B FAB (French-American-British) classification> & %% ¢ & B el
%z v B 4 ¢ (cytochemical stain) - % L R 4~ 7 (surface marker or
immunophenotype) * # #pIL s B AR L o gl p R AR L RE S RAF
(remission induction) i & j5 R o ,T*u #_= X% ¢ anthracycline (idarubicin or
daunorubicin) “v_} = X chcytarabine ;iE I E fR{S L & X B ®E cytarabine (with
or without anthracycline) & i 0¥ F|{+ (consolidation) * & isf o Jc % & o0
PREHREEE S 31 B WA AL L FRGRLF ¢ (IRB) opiE o
FRERLEEFRLY -
gy Vg BA" 2 drpr F BLH 1 0% Robo4 s mRNA £ % M5 A=A 7 i
& o

(2) M f 2 2

A ERT AN LR R (PR )2 F el ¥
Heparin 3 Fuie A 2. 2 Ve & o #9718 and B8 8 02 3000 rpm 17 ;8 8. 10
Ags o Bl i b ket .80 C ¢ o A5 ml s Ficoll solution % 4
» 10 ml e BRI 0 2 400 g edEiE A 30 A B PEROTEE Y eh
¢ kY TEHEPHR-H T E o R g R e g R AL
PBS it fFiie  Rp@Faer 2op bk BB Y G EMML PBS 3
R A B ER o P e R A A 10 BreikE A - B
eppendorf tube ® - #r.w {84 » TRIzol {4 %53 -80 C¥ -
(Z) RNA %3

(a) t1.5mL 2 #c® 4w # (eppendorftube)® B~ 107 33 4 w7 >3 1 ml

TRIzol & Jtiad ¥ o 1w g g iR 35 fiic o (M HBHE R mreidji £



i€ e b RNA frd-v F2 & b jadg )

BERRE S

_\‘\

(b) #¢ > 0.2 mlchloroform > ¥ ¥3#%F 154> £

(c) #Xt53%4 °C 14,000 rpm &< 15 4 4 o

(d) Bt FPperdtaark k2 T g #k(AREERESET,
RNA ¢ k% > @ DNA %2 36 ¢ o A& 5 &) o

() /JrswmBt i : ¥ - Mg s g > 4 » 84 isopropanol » iR friz 3
6 B34 C 1584 - (t“ﬂ’ﬁ.ﬂ?g ¢ RNA Tk ° )

(f) %4 °C 14,000 g g 15 » 48 o (& RNA /Tk)

(g) JemHt gk §7 AIVCERNAG & Ak o

(h) 12200 ml 75 % iFpk e g B deficdg 0 0 4 °C 14,000 g dz 10 »

(1) B4 Fo iR o ¥ B8 RA T iphEs (5-1044%77)
» @ RNA = 250% > 3R A% wia -

(j) ™ DEPC (diethylpyrocarbonate) ' d® i si2k + #-RNA v & ik % > w

o

o

/
(k) B> # RNA 7372 48 % A 50024 6 6 & 3-32)5L & 260 nm & 280 nm
2K o U2 E Atk I RNA 2 ER B R o
(z) FESRELEFERYF RE S cDNA
(Reversetranscriptase polymerase chain reaction, RT-PCR)
(a)fe— B 0.2 ml o s # ) e » 3 g e total RNA » £ 12 DEPC A2
WA DA S 10l -
(b)#c » 1 ul e random hexamer 2 dANTP (10 mM) 1 ul ® ;& & 353 > #- ji
EHLs g AT 65 C 5448 RSB kY o
(c)f 4o » 1T HF (5 X reverse transcriptase buffer 4 pl+DTT 0.1 M 2 ul
+ RNaseOut (20 U) 1 uli2 £33 > B B8 3o g 22 E T 2 4



(d)*e » ¥ #4573 (SSRT, 200 unit) 1 pl » %+ 25 °C 10 A 48 » % » PCR
WEY e FTAERE 1 25C 10 A48 — 42 C 50 A 48570 C
15 248 > %33 270 C -
(I) *ETEREPFAHF REFE
(Real-time quantitative polymer ase chain reaction, RQ-PCR)
(a) FHGeHW R p & 4B i b DU aRig 2 20 B R -
(b) #* T pF Tagman® RQ-PCR (ABI, USA) on ABI Prism 7500 machine -
(c) & =03k ¥ * Tagqman® fast universal master mix 323 ;2 & 1 uL cDNA
EAL 10 pL hF iR o
(d) ==FETerFk BREREEEZZ 50 C 2 #4095 C 10 2495 C
15 #)i&17 40 % » 60 C 1 » 48 o
(e) F1* U937 cell line % i %8 (cloning of amplification products into the
pCRII Vector using the plasmid miniprep purification kit) > F ¥ % = &2
w 4 (housekeeping gene RPLPO) -
(f) = BHH I > = 3% F= = > Robo4 i@ 4] * housekeeping gene
(RPLPO) % o @ xficiE el 4 X 32 05 Bl €4 b= 4 17> BB £
F A3 0S5 THE L ER Y o
(g) Tagman® assays for Robo4 (Hs00219408 m1*) o

() %¢ %A+ 2 (Karyotypic analysis)
Bd WS EIRY B R STk T E 2ot - 221 (42)
£ 4 * International System for Human Cytogenetic Nomenclature (ISCN) ¢ % ;%
23 -
(=) AFIR%4L 422 (Mutation analysis)
16 BAFIRFEAHT> 2 5 54 50% v preofif o class [ 4o FLT3ITD #

FLT3-TKD (43) N-RAS 2 K-RAS(44) ~KIT~WT1 (45) % PTPN11(46) - class

Il 4= MLL-PTD (47) CEBPA(48) -~ NPM1 (49) 2 AML1 (50) - class III 4=



DNMT3A (51) * ASXL1(52) * TET2(53) * IDH1(54) %2 IDH2(55) -
(N) M3t o 302

(a)

(b)

(c)

(d)

(e)

(f)

(2)

(h)

1 * Mann-Whitney U test 137 /= kb iz B SR e § fg2r £ 2 F B v
s 5 & % 4 P $7 % KE Robod mRNA ek 3 i -

1 * sequential cutting i£ B~ Robo4 mRNA # 3 Kk & (cut-off
value) > £ 14 bootstrap resampling Z= 7 R & °

4%t Robod 4 7% ™3 2 ¥ categorized variables i+t #i ¥ $ * Fisher’s
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Clinical manifestations of acute myeloid leukemia (AML) patients with
high and low Robo4 expression

Variables Total Robo4 high Robo4 low b value
(n=148) (n=61, 41.2%) (n=87, 58.8%)
Sext 0.3189
Male 78 29 (37.2) 49 (62.8)
Female 70 32 (45.7) 38 (54.3)
Age (year)t 46.0 (15-82) 46.0 (15-77) 46.0 (15-82) 0.7944
Lab dataf
WBC (/uL) 23535(380-423000) 23260 (650-175900) 24520 (380-423000) 0.7568
Hb (g/dL) 7.9 (3.3-13.1) 7.5(3.3-12.0) 8.2 (3.5-13.1) 0.3252
Platelet (x1,000 /uL) 45.0 (3-802) 46 (3-202) 42.0 (3-802) 0.4509
Blast (/uL) 12517.1 (0-338400) 11148(0-141878.5) 13439(0-338400) 0.7746
LDH (U/L) 843.5 (271-13130) 838 (298-5559) 849(271-13130) 0.5482
FABt 0.069
MO 1 0(0) 1(100.0) >0.9999
M1 34 11 (32.4) 23 (67.6) 0.321
M2 49 24 (49.0) 25 (51.0) 0.215
M3 14 1(7.1) 13 (92.9) 0.0081
M4 39 18 (46.2) 21 (53.8) 0.57
M5 5 (62.5) 3(37.5) 0.2748
M6 1(50.0) 1(50.0) >0.9999
Undetermined 1 1(100.0) 0(0) >0.9999
Induction response 148 61 87
CR 107 (72.3) 39 (63.9) 68 (78.2) 0.0643
PR 4(2.7) 2 (3.3) 2(2.3) 0.3035
Refractory 26 (17.6) 13 (21.3) 13 (14.9)
Induction death 11 (7.4) 7 (11.5) 4 (4.6) 0.2009
Relapse 50 (33.8) 20 (32.8) 30 (34.5) 0.5477

tnumber of patients (%)

iImedian (range)

Abbreviations: FAB, French-American-British classification; CR, complete

partial remission
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Comparison of immunophenotypes of leukemia cells between AML

patients with high and low Robo4 expression

Antigens Total patients Percentage of patients with P
examined the antigen expression

Whole Robo4 high Robo4 low

cohort patients patients
HLA-DR 145 71.7 85.0 62.4 0.003
CD13 145 94.5 98.3 91.8 0.088
CD33 145 90.3 88.3 91.8 0.491
CD34 144 68.8 76.3 63.5 0.105
CD56 143 17.5 30.0 8.4 0.001
CD7 145 17.2 13.3 20.0 0.295
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Association of Robo4 expression level with cytogenetic abnormalities

Variables Total Robo4 high Robo4 low P
Karyotypet

(N=142)

Favorable 35 17 (48.6) 18 (51.4) 0.3316
Intermediate 99 37 (37.4) 62 (62.6) 0.215
Unfavorable 8 5 (62.5) 3 (37.5) 0.2767
Cytogenetics

Normal 75 28 (37.3) 47 (62.7) 0.404
abnormal 67 31 (46.3) 36 (53.7) 0.3093
Recurrent chromosomal abnormality

t(8;21) 14 12(84.6) 2(15.4) 0.0009
inv(16) 7 4 (50.0) 3(50.0) 0.4472
t(15;17) 14 1(14.3) 13(85.7) 0.0081

TFavorable, t(15;17), t(8;21), inv (16) ; unfavorable, -7, del(7q), -5, del(5q), 3q abnormality,
complex abnormalities; Intermediate, normal karyotype and other abnormalities.
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Association of Robo4 expression level with other genetic alterations

No. of patients with alteration (%)

Variables Whole cohort Robo4 high Robo4 low P
(n=148) patients (n=61) patients (n=87)
CEBPA™"*® 18 (10.1) 3(5.0) 15 (17.2) 0.024
NPM1+/FLT3-ITD- 15 (10.1) 5(8.2) 10 (11.5) 0.513
NPM1 33 (22.3) 15 (24.6) 18 (20.7) 0.575
IDH2 20 (13.5) 10 (16.4) 10 (11.5) 0.391
IDH1 11 (7.4) 3 (4.9) 8(9.2) 0.329
N-RAS 18 (12.1) 9 (14.8) 9 (10.3) 0.419
K-RAS 4(2.7) 3 (4.9) 1(1.1) 0.164
TET2 17 (11.5) 10 (16.4) 7 (8.0) 0.1262
AML1 13 (8.8) 7 (11.5) 6 (6.9) 0.333
WT1 11 (7.4) 5 (8.2) 6 (6.9) 0.767
MLL 9 (6.1) 4 (6.6) 5 (5.7) 0.839
ASXL1 9 6 3 0.162
DNMT3A 21 13 (21.3) 8(9.2) 0.0543
KIT 7 5 2 0.1249
FLT3-TKD 13 3 10 0.2397
PTPN11 6 1 5 0.4012
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Association of Robo4 expression level with other genetic alterations

Disease-free Survival Overall Survival
Variables 95% ClI 95% ClI

RR Lower Upper Pvalue RR Lower Upper Pvalue
Age' 1.98 1.286 3.048 0.002 3.497 1.982 6.17 0.001
wBc® 1.581 1.011 2.47 0.044 1.862 1.069 3.242  0.028
Karyotype™* 4175 2.634 6.62 0 3.078 1.726 5.489  0.001

NPM1/FLT3-ITDY  0.246 0.11 0.554 0.001 0.398 0.166  0.955 0.039
CEBPAUlemuation 0401  0.187 0.858 0.019 0.166 0.039 0.699 0.014

Robo4* 1.6 1.026 2495 0.038 1.779 1.005 3.149 0.048

Abbreviation: RR, relative risk; Cl, confidence interval

T Age > 50 relative to Age <50 (the reference)

SWBC greater than 50,000/uL versus less than 50,000/uL
*unfavorable cytogenetics versus others
NPM1™/FT3TE versus other subtype

*Robo4 expression level
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Robo4 expression level between healthy controls and AML patients

P=0.0016
0.060000
0.0400007
0.020000
0.0000007 1
T T
Healthy controls AML patients

ES e

Healthy controls— it & ¥+ B 22.(20 =) ; AML patients-% 1+ % &8+ 5 8 (148 =)
P value : 41 * Mann-Whitney U test L3+ 4 47

Y # : Robo4/RPLPO
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Kaplan-Meier curves of overall survival and disease-free survival of
patients with newly diagnosed acute myeloid leukemia stratified by the
level of Robo4 expression
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Kaplan-Meier curves of overall survival and disease-free survival of
patients with newly diagnosed acute myeloid leukemia of
intermediate-risk cytogenetics stratified by the level of Robo4
expression
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