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Biphenotypic Acute Leukemia with BCR-ABL mRNA Transcript b3a2 Type:
A Case Report with Review of the Literature

Hyun-Woo Choi, M.D.!, Myung-Geun Shin, M.D.!, Hyeoung-Joon Kim, M.D.%, II-Kwon Lee, Ph.D 2, Ju-Hyun Yun, M.S.2,
Hye-Ran Kim, M.S.?, Yeo-Kyeoung Kim, M.D.?, Hyeong-Kee Yun, M.D.!, Duck Cho, M.D.!, Seung-Jung Kee, M.D.!,

Jong-Hee Shin, M.D.!, Soon-Pal Suh, M.D.}, and Dong-Wook Ryang, M.D.!

Department of Laboratory Medicine, Chonnam National University Medical School and Chonnam National University Hwasun Hospital';

Genome Research Center for Hematopoietic Disease, Chonnam National University Hwasun Hospital, Hwasun, Korea

Biphenotypic acute leukemia (BAL) is a subtype of leukemia of ambiguous lineage in the World
Health Organization classification system. About one third of the cases have the Philadelphia chro-
mosome, and some cases are associated with other structural abnormalities involving 11g23. BAL
is known to have a poor prognosis in both children and adults. According to the previously report-
ed BAL cases with positive BCR-ABL fusion gene, most of the BCR-ABL mRNA transcript type was
ela2. So, we describe here a 30-year-old adult BAL case with the karyotype 46,XY 1(9;22)(q34;q911.2)
resulting in a very rare b3a2 type of BCR-ABL mRNA transcript. (Korean J Lab Med 2006; 26:249-54)
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ANE TEIAZALA ol 24 Hof F31 8 ARE fld) A719] 22 opA| Rl A AlEdo] FHeL FHT Y2AS 2
of Zel stk T 2 oM EZA g 4719 opEERE TAH0] AITh =

Fig. 1. Leukemic cell morphology and special stain. (A) Leukemic blasts were variable in size and morphology with small lymphoid like blasts
and larger blasts having irregular nuclei, prominent nucleoli and abundant cytoplasm from bone marrow aspirate smear (Wright stain, x
1,000). (B) Positive reaction for myeloperoxidase stain ( x 1,000) and (C) sudan black B stain ( x 1,000). (D) Fine granular and diffuse posi-
tive reaction for periodic acid Schiff stain (x 1,000).



BCR-ABLEERHA b3a2 LHEE ey

T e S5 AAHAA myeloperoxidase FA1F su-
dan black B gMollA 2+ A7)9} 2 A7)] oA oA %A,
periodic acid Shiff FAAME 7X FHHNARE vk 34
o7 Ok T1#]3 alpha-naphtyl butyrate esterase 2YollA]
T o4 AAoIUKFig. 1). FFAARE Alst WEAAHA
*} HLA-DR 99.9%, CD34 99.7%, CD13 355%, CD33 11.9%,
CD117 15%, CD14 0%, CD41 1.7%, CD56 09%, CD64 1.0%,
CD2 08%, CD5 83%, CD7 483%, CD10 96.9%, CD19 984%,
CD20 0.6%, CD22 27.7%¢] 23 %3S Hlth

HMA AL A 1 F4 GAA] HAAE ethidium bromideE &
7ksted 24417k Wi keSS G-EEHE ol&3ldlth AP
ISCN 1995[7]ell whzkar, 207]¢] 8 F7IMEE #48 A3} 2074
RN 46,XY.1(9:22) (q34:ql1.2) A7e] #AHATHFig. 2).
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Fig. 2. All 20 analyzed metaphases using G-banding method had
1(9;22)(g34;g11).
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S A (fluorescence in situ hybridization, FISH) :
329 7b7] YA E hA2 = LIS BCR/ABL ES Dual Color
Translocation Probe (Vysis, Downers Grove, IL)E ©]&3}]
FISHE Algstsith d4A S2to]l=9 probed DNA ¥4 %
B3 A%aAE AR H A& FFE0HOZ 300709 HE
A8 7 Al Uehhe 35 signal 5 A T
I o] BT nuc ish 9g34(ABLx2),22q11.2(BCRx2)
[40]/nuc ish 9q34(ABLx3),22q11.2(BCRx2) (ABLconBCRx1)
[260].

BCR-ABL EHRIX| M : JHASTELAN S (reverse
transcriptase-polymerase chain reaction, RT-PCR)[8]& A3}
dlo] AMLAIA &3] #2372k o143l CBFB-MYHII,
AMLI-ETO, PML-RARe3} ALLO|A &3] #as]= §214} ¢
Al E2A-PBX1, TEL-AMLI, BCR-ABLY g%+l o

ol W

a b ¢

Fig. 3. Nested RT-PCR analysis
for BCR/ABL chimeric mRNA
disclosed b3a2 type (b, 305 bp),
internal control of ABL gene (c,
105 bp) and marker (a, 100 bp
ladder).
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Fig. 4. High resolution melter analysis for BCR-ABL fusion gene
exon 5 (A), exon 7 (B), exon 8 (C), exon 9 (D), exon 10 (E) and
exon 11 (F). The black curves are wild-type samples. The colored
curves are patient’'s bone marrow samples, which showed no vari-
ations and identical melting curve pattern seen in wild type samples.
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Table 1. PCR primers and conditions for melter analysis of ABL
kinase domain

Table 2. Summary of BCR-ABL mRNA transcript patterns from
previously reported BAL cases and this case

Exons Sequences (Ig) Am(;;lg;; ns gz;se Age FAB Karyotype ;rjl;t c(gtrjr:e
5 F: GCTGTGTAGTGAATTAAGGCTCA 56 458 1* 64 MO  46,XX,1(9;22)(q34;911)[23] b2a2 Dead
R : GAGGTAGACTTCCAGGCAGAT 2* 72 L2 46,XX,-74(9;22)(q34;q11)[28] ela2 Alive
7 F: GAAATTCTTTCTGCCATCAAGT 58 420 3* 46 L2 46,XX,1(9;22)(34;q11)[31] ela2 Dead
R : AAATATTCCAACGAGGTTTTGT 4* 49 L2 46,XX1(9;22)(g34;,q11)[27] ela2 Dead
8 F: AGTCCTCGTTGTCTTGTTGG 56 280 5* 43 L2 46,XX,1(9;22)(g34;q11)[36] ela2 Dead
R : CTAGGCTGGGGCTTTTTGTA 6* 43 M1 46,XX1(9;22)(g34;,q11)[34] ela2, b2a2 Alive
9 F: ATGGGTGAACATTTTCCTTTCTT 56 284 7-11" U u u ela2 (all) u
R : AAGAGCAAGAAAGAGGCAGAAA 128 30 46,XY,1(9;22)(q34;q11)[20] b3a2 Alive
10 F: CTGCTGCAAAGGTAACTGATTTT 56 312
R : GTACACACTCCTGCACAGTTGAA *hased on reference 6; 'based on reference 5, ‘this case.
11 F: TGTTGCTTTCATTCTAGACTTTTC 56 199 Abbreviation: U, unknown.
R : GATGGGTACTTTACCGTCTGAGA

& Akt o 57EA 9§ 2401, BCR-
ABL §9377F P& Uy, A AXo] wE 3714 §
eje] BCR-ABL mRNA transcript type b3a2 (305 bp), b2a2
(230 bp), ela2 (197 bp) F b3a2¥o] AEH UK Fig. 3).
BCR-ABL S&FHAI FHH0| ZM @ A5 E Al&sl7] Ao
imatinib 2FAlel e WA Yehl= BCR-ABL €344 W
o|Z 7M7) Y8 ABL tyrosine kinase Trx{z},] 67H exong
melter} AHA7IME BAS APSATH Ta
BCR-ABL 3744 Holg 9iE + 91—‘5 o]: iﬁ%
X3 vhFig. 4). Imatinib X &5 A2k o] FHH0lf
AARE ob4 AlgstA] eskth
X2 U A : IxAE= )G © 24 idarubicin 12 mg/
m%/9-& 347HD1-D3) ;ﬁzﬁ 33, N'-behenoyl-1-D-arabino-
furanosyleytosine (BH-AC) 300 mg/m%/¥< 747KD1-D7)
AEateh BATELH T 294 AT I AAF AddA
YR S L FRo] FEEG O, FISH ZHARIA
BCR-ABL §3#AAs 322 ¥4t 84 e Hs8 &
X 82A imatinib mesylate 600 mgS 7+ Tk 9}
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BALS HgkolH, oo gig AAg 7 |FEL HIA
of SYEh F4 NPWYeIA ] FFe Nk & 5 9l
e 4% FEQ AR dEA SITHIl BAL-‘% 49
A A YA @oH, EELY WAl eE Tl 9
o WA 4 2], BALS 9 AL 2R A4
H AEo, F2 92, 749 Yot Fo| vehdth BALE
2okg EFE ojul gt vho] tlellAE BAE 4 glok ARlelA
o 3stt6]. BAL oMM 29] Hele YAslA] don, o FE
A H Ee Aver rodE EFS ZF7A9] £3HE Hole |
oA A B vlEskd Fe7RA g gl 2

A<l JelE A BAL F2l& FAB (French-American-British)
TRE TRALY, FE M1 Ee M22 75, 7K M0, M4,
M5, e M7T2 FEE7E g6, 9] & A o] &

F5TA % o 29} 2 JZFA Y oM7L A EAjSE A
S5 &) AFETHO, 101 BALS YR O o $7} vty
deA 9lom, I oFE dEFe AMEFAETE BARET
HEd wol At Kol Aot 4, 6, 11, 15]. BALY
ABAQ 7|Ee og AojE vE AT WYRAAE FUIE
WEete ALL BE AMLI 72492 93] wl$- 223t EGIL
TJES 1997350 Matutes So] A BAL AS 9)8 &
AEAA HHALH9]S FA8te] 1998350 =L FRAI~
d[3]& AtEATh ol WEPA YL st FAEY FF
F/RAZF BolA9] Amet lFel| 715E FU B-HIET 5o
el FAAEE CD79a, CD22, CytlgM<, T-PI Eo]Z9l F

AAZE CD3, 3 EJM E54A] (anti-T cell receptor, anti-TCR)
g T3 FFTF 5olAY BAAEE FFAEY RIS
(myeloperoxidase, MPO) (A Z3}8H3] AAl & FAE 74/\})
2 A3l 24 Btk o] 71§98 BALS A9 A
Fo} oL & 7Rl YA A4t 28E be o AdEnh
o] HAIZE Y] Ao 47H] 202 yof Fth 7MY B 60-
0%% AAE +& 579 B-2ZAE FAld Tdshe
TolW, I el R B 2 579 T-HZ7AE Sl 2
ot wolth T-dx19} B-dZ1AE Al wdsle 3
Al e MEAE BT BEste £ SEU6, 10, 11]. ol
BALY AQ7|EE 200135 WHOS| HolEokiFol: 4
HtH2]. & Z8E B-gx3A A2 CD10, CD19, CD22
(Mxzet 59 )7t PdolBR 44, 574 EAA MPO
(M =z} ZA}), CD130] Aol ER 3O =2 Alakste] WHO
oA Aget JHALEE o] date] Wkt A3 519 B-H
ZIAS EA9] ddss BALE A8ty BALE H7d
S#9 1/3014 Ph GA17F BAE AT, )52 tFE HAR
AR B-HZATAEA Q] CD100] P o2 Yehdt) of
" ZHSNME t(4:11)(q21:q23) EE THE 11923 £99] o]
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gol JATAEH, o]EL &3] CD10°] $A40E vehu o
Al AxFE0] 37 e FE Aok T-"Z7¢ 2577 BAL
g o GAAIES olde] HEH, WYIEEY
=4 (immunoglobuhn heavy chain, IgH) % TCR A%<
A = o] AFF/NE i12]. BALS B2 Zd S0
A i el WS Holn sz | Al s Al
e ggo] wrt o] Aol A8 W oF7 A 3] A
AR wskoy oS 734 op2e] Feljel wek AML E&
ALLS| S924% i S A=Y 2 2gee
A& o] g% Asta o R ot WS ARSTE AJQle|A]
BAL®| %= AML 5 —E ALL| 755t 24 v & o
TFAAME SaE7E F9lon 41d AEEo] oF 8%kl B ES]
6], o] Hiex] £ 011—?5 Hel Age o ]7} 604 HgHel
735, Ph GAA7} Qe 49 S TEd 734 5ol
tH13]. BCR-ABL *or%%{ k= CMLE] 95% o) dell Al veht
= EAZ ] LA, Aol ALLY 15-25%, 4AoF ALL® 3-5%
AN vehtH[14, 15], ZEA AMLOY FFo|dRSTL
(MDS) %= vehdtH5, 12]. BCR-ABL §3-5HAE BCR
k] A9 xof| whet 37E4] 2] mRNA transcript (b3a2,
b2a2, ela2) 7} 2 AAHETH15-18]. CML 3zte] Aot 9] ¥
HIEE b3a2, b2a2 % b3a2/b2a27} 247} 51-65%, 28-43% 2
6-10% Lot 16]. CMLoA Y] ela29] FEl9] £Al= ALLE
o] A3z} ATo] gtk B3It 19]. A9l ALLOIAE b3a2
15%, b2a2 15% % ela2 70%E minor BCR-ABLO] th¥&-&
AR o, B d$AAE dHA JTHS] T, ela2¥E 9
SEHAAE Hol= 79 ABL kinase domain®] fA#o|7} &
A EFA] %ol imatinib mesylated] thal] WAS Heltkes H7t
ATH20]. AE7HA¢] BAL##H B35 Folx BCR-ABL §%
A4 AdHE AAE 11618 £48 BaoA g ela2
(109]) A, 161014 b2a2%ltH Table 2). &H B Zgorfs} 7
2 p3a2 FEE Hol A+ AT, 6]. ¥ Zd+& b3a2 tran-
210] imatinib mesylateg AR 7A$ 37} A
S A0R oAET, o F= ela2 transcriptE %
The £5 702 addn

O\I

¢

scriptE 2+

it
AR
o
_u
u
w
>
&
Ty

o Oof
o =

AREES 300 AN BRI B2T 2719 S ob
A Axdo] FHaL T HaAE ke 2 olEEo]
WFE L HARARHAMS FFA B-AZAA FA AN A
SPgoln], BekdsioHPh) GAA oo BBHE AN 7
/3 W89 (biphenotypic acute leukemia, BAL) F#& &3}
ot I18]3, F71E Al8e BCR-ABL mRNA transcript A
oM AE7HA] g o2 BAL s 28 b3a2¥He B

Atk Ph @AA ool EAlehe BALS YeHARl 54 5+

3

Wol A5 0] oltk

974 ¥y g9
A% Sl BAEARAN 2 FYFL

[} h AL
TAH(FISH), AT ELAAHS(RT-PCR) 59 M2/
BEARAA AALE o]43le] A&stal At Fidto] H g st
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