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Clinical Utlity of Fluorescence in-situ Hybridization Profile Test in Detecting Genetic Aberrations
in Acute Leukemia

Suk Ran Kim, M.D., Hee-Jin Kim, M.D., and Sun-Hee Kim, M.D.

Department of Laboratory Medicine & Genetics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Background : Cytogenetic abnormalities are one of the most reliable prognostic factors in acute
leukemia. Combination of conventional chromosome analysis (CCA) and FISH provides higher
sensitivity in detecting these genetic abnormalities, and it is effective to apply several FISH probes
as a profile test. The objective of this study was to investigate the utility of FISH profile analyses in
the initial diagnosis of acute leukemia.

Methods : Two hundred and forty one de novo acute leukemia patients diagnosed from January,
2002 to November, 2007 were included. For acute lymphoblastic leukemia profile test, FISH probes
for BCR/ABL, TEL/AML1, MLL gene rearrangement and CDKNZ2A deletion were used. For acute
myeloid leukemia profile test, probes for AML1/ETO, MLL and CBFf gene rearrangement were
used. The results of CCA and FISH profile tests were collected, and the positive rates were com-

pared.

Results : ALL FISH profile tests revealed additional genetic aberrations not detected by chromo-
some analysis in 48.6% (67/138) of cases, including those with normal karyotypes or no mitotic cells
(87%, 51/138). Among these 51 cases, TEL/AML1 abnormalities were detected in 44.3%, followed
by the abnormal CDKN2A signal (24.6%) and hyperdiploidy (18.0%). AML FISH profile tests revealed
additional genetic abnormalities in 7.8% (8/103) of cases.

Conclusions : FISH analysis as a profile test detected additional genetic aberrations in a signifi-
cant proportion of acute leukemia, and was effective especially in detecting cryptic translocations,
submicroscopic deletions and complex karyotypes. Our study supports the need to incorporate
FISH profile test at initial work up in acute leukemia. (Korean J Lab Med 2009,29:371-8)
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2. HMA| AL

Sodium heparin €716 AFHE S5 2G4, 24417 ©7]

1 2 methotrexate #2|H-& A2 02 2-g-sto] vjeFs)
Ak, vl Foll= AlEE 48 g3 7 GTG-2 9 (GTG-
banding, G—bands by Trypsin using Giemsa)= A|83}o]
Ao Basilch, 9 24 A % 07k Az %)
A3 (metaphase cel)E Al4=5t52H, A3}9] 7]+ Interna—
tional System for Human Cytogenetic Nomenclature (ISCN)
1995 [12] T4= 2005 [13] 7]0f| w5kt

3. HZA XIZ|REHH(FISH)

ALL FISH 229 #X= BCR/ABL, TEL/AMLI % MLL
A& (rearrangement), 12|31 CDKN2A A&S AEsI= S
ARER A E 0] lon AML FISH 28 A= AMLI/
ETO, MLLY} CBFB +AA} e E AAR} EEE A THTable 1),
FISH Z23 g}Eo] JLAlL A|EZS-AsHA o|Ate] ZdH w7}
w2 RS AR AEtgon AMLE] A-$ 2001 WHO #
2 “AML with recurrent genetic abnormal—
ities” ke %OH Zagh oz Hdsigin) o] 232 2
Aol ok S-S EFollAl FAsHAl AR AAR
ARt e th3t At E3hhybridization) gS o] EAIH
Probe—on plus slide (Fisher Scientific, Pittsburgh, PA,
USA)o| Ala F-froll Hojmelt}, 37C 2 7kt 2XStan—
dard saline citrate (SSC)/0.1% Nonyl phenoxylpolyetho—
xylethanol-40 (NP-40)of] 3087t @ & ALoA 70%,
85%, 100% gt 0= g, AXAALE gAML 0.5 ulE
o 459 3.5 ul, 32 S 1 Lt ST 5 st A
A7} FuH HYBrite denaturation/hybridization system
(Vysis, Abbott Molecular Inc., Downers Grove, USA)®f &
22 Suoltof| o]F "Wt & 70T oA 38ZE HAgA7| AL

Table 1. List of the probes used for fluorescence in-situ hybridization analysis in this study

Aberration Localization Gene/locus Probe type

1(9;22) 9g34/22q11.2 ABL/BCR Dual fusion translocation probe
t(12;21) 12p13/21p22 TEL/AML1 ES translocation probe
t(11g23;v) 11923 MLL Break apart probe
p16/CEP 9 9p21/9p11-q11 CNKN2A/alpha satellite Enumeration probe
1(8;21) 8g22/21g22 AML1/ETO Dual fusion translocation probe
inv(16) 16022 CBFB Break apart probe

All aberration was detected by dual color set and Abbott Vysis.

Abbreviations: ES, extra signal; CEP 9, chromosome 9 enumeration probe.
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Mariakerke, Belgium)& ©]-8-3}9th, H3& A& (categorical
data)®] B+ Fisher's exact testE ARl AHEEL log-
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23 248 Fo BAE A950ldr 3712 WA A
16 1

o A8 s i AR 59 event7h et ARZAR 819 s oot 168 SAHEolAA Hg | % 18719
tl EAIA4 2= MedCale Wersion 9.4.2.0, MedCale Software, o|Al &= M4 CDKN2A A40| 87(8/18, 44.4%) 2.2 713+
Table 2. Characteristics of acute leukemia cases where fluorescence in-situ hybridization profile test were applied
ALL FISH profile test were applied AML FISH profile test were applied
Parameter/ B-cell type T-cell type Blphgnoté/pe/ Parameter/ AML with . AML, ) AM(I_)thirrwsMD
immunophenotype (109)* (14) . mixe . classification recurrentl 99”9“0 not Qt,herW'SG ( W .
lineage (15) abnormalities (29)*specified (65)*  etc.) (9)
Age (yr) Age (yr)
Children (age<18) Children (age<18) 14 10 (M7:4) 1
<1 3 0 0 Adult
1-10 61 2 5 <55 9 36 6
>10 24 3 2 >55 6 19 2
Adult Gender
<65 21 9 8 Male 16 39 7
Gender Female 13 26 2
Male 53 9 8
Female 56 5 7

*(') Number of patients with the specific immunophenotypic classification.

Abbreviations: AML with MD, acute myeloid leukemia with multilineage dysplasia; M7, acute megakaryoblastic leuekemia.
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Table 3. Frequencies of the genetic abnormalities according to the detection methods, conventional cytogenetic analysis (CCA) and

FISH profile test

Applied test Phenotype N. of
patients  Category 1* Category 2' Category 3' Category 4  Category 5'
ALL profile test Precursor B-cell ALL 109 15 32 9 14 39
Precursor T-cell ALL 14 6 1 1 1 5
Acute leukemias of ambiguous lineage 15 1 5 1 1 7
Total (%) 138 22(159%) 38(27.5%) 11(8.0%) 16(11.6%) 51(37.0%)
AML profile test AML with AML1/ETO 15 14 1
AML with MLL abnormalities 9 8 1
AML with CBFS/MYH11 5 3 2
Minimally differentiated 2 1 1
AML without maturation 25 18 1 5 1
AML with maturation 17 12 1 2 2
Acute myelomonocytic leukemia 4 3 1
Acute monoblastic/monocytic leukemia 11 7 1 2 1
Acute megakaryoblastic leukemia 4 2 2
Acute panmyelosis and myelofibrosis 2 1 1
AML with multilineage dysplasia 8 6 2
Biphenotypic acute leukemia 1 1
Total 103 48 (46.6%) 34(33.0%) 13(12.6%) 0 8(7.8%)

Categories: 1*, CCA: normal or ‘no mitotic cells’/FISH profile test: normal; 2', Compatible results of cytogenetic abnormalities between the two detec-
tion methods; 3', CCA: abnormal / FISH profile test: normal; 4, Additional cytogenetic abnormalities were detected only by FISH profile test; 5!, CCA:

normal or ‘no mitotic cells'/FISH profile test: abnormal.

Table 4. Frequencies of the abnormalities identified by ALL
FISH profile in 51 acute leukemia cases with normal karyotypes
or without cytogenetic results (category 5)

Extra
N of Rear- - .
Analyzed . Amplifi-  copies
abnormal  range- Deletion .
gene cation  related to
cases (%) ment :
aneuploidy
CDKN2A(p16)  15(24.6) 14 1
TEL/AMLA 27 (44.3) 13 10(TEL), 3 (AML1) 7(AML1)
1(AML1)
BCR/ABL 5(8.2) 4 1(ABL)
MLL 3(4.9) 3
Hyperdiploidy 11 (18.0)
Total 61*(100)

“Number of patients harboring 2 abnormalities, 8; number of patients
harboring 3 abnormalities, 1.

Wotal, 4719 TEL/AMLI A¥iE-& 23sk= TEL/AMLI ©]
A¥o] 671(6/18, 33.3%)°1th,

Table 4= 7}l aLe] 5o sigsh= 5198 2] $4-=2] FISH 4
Al ATE A2 21024 precursor B—cell ALL 34} 391,
precursor T—cell ALL 22} 5%, 12|31 acute leukemia of
ambiguous lineage A} 79 AUt EFEICH HEE
OAS = 617—]0]04511] 97}A] o|AFe] BlEo||A oFAL
ol 37}t 8“10] i1, 3t 3A= MLL break—apart signal,
CDKN2A A<, TEL 34} A& A KAt TEL/AMLI

ool 71 Eato, 277(27/61, 44.3%)°] WA= I}, WHo|
P2+ TEL/AMLI AujGE obvjel 2t §42to] Aot
28 ZZo| WARC TEL/AMLI oA 40} precursor
B—cell ALL &#foll A 542 02 yelst=d|, TEL/AMLI °|
A FE Bl Aot TREL W 2170 a, ThE-E 104] ©]
5H19/21, 90.5%) At ZA4 (cryptic) CDKN2A -2} A
& 1470l A WA, o] T thE ol glo] Y= CDKN2A
2EE B FHES 1o E, B g Qih‘l‘ﬁ 3 okA
Hafloll =gskglar, 47171 St Aot ]
A] okt Tulla=Ad (hyperdiploidy)©] A%
1178(18%, 11/61) 2.2 o] F 103l Aol EL 25 Ffs
o]—_g_u e ‘_L_]_"\'_]'—O_H()ﬂ E%’@‘]-Mﬁ XHH]—O]],]— x]g_/\]J_H _L]-
EA] QFqkt,
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AML profile)

Z/(FISH,

AML FISH Z23 ZAE Alaist 10359] S50 2ty
9 A8} tholo] ufE EF- Table 29k ek, At A] Hol9]
220}7k0 A0N|(E Y] 0-T9AN L. Table 32 d1chol| AMLE
obe¥lz M At} FISH Z2d gAe] o4 425 Hlusk
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Table 5. Summary of the results of conventional chromosome analysis and FISH profile test of 4 cases of “AML with recurrent genet-

ic abnormalities” and category 5

Case No.  Sex Age Initial diagnosis Chromosome analysis FISH result Final diagnosis
1 M 55 AML with maturation  45,X,-Y, 1(2;21;8)(937;022;022)[14]/ AML1/ETO AML with AML1/ETO
46,XY[6]

2 F 1 month Acute monoblastic 46,XX[20] Break-apart MLL signals ~ AML with 11g23(MLL)
leukemia (31.5%) abnormalities

3 M 6 Acute myelomonocytic 47 XY ,+22[3]/46 XY[1] Break-apart CBFB AML with CBFB/
leukemia signals (83%) MYH11

4 M 15 Acute myelomonocytic 46,XY[20] Break-apart CBF8 AML with CBFB/
leukemia signals (89%) MYH11

T D | D 1 R £
(1) i Ay i i 'Y
ik (] " Y 1 ‘

A AT % 8 o2 HA|] 7.8% (8/103)°] sF3taict. Al
I+ 31 8% = 492 |2 dgo] “AML with recurrent
genetic abnormahtles’:vlgi v 7F9-5loH, o5 Table
50 Ae]stct, o2 47-L “AML not otherwise categorized”

of 3= ek, 7He|are] 4o] sfeh= Sk g Wi lch
Table 501141, t(8:21)(q22:q22)°] TEE YA A HA| sxj=
QAR AAME 45X, -Y,add(2)(q32).del®)(q22)[141/46X 6]
2 B}l AML with maturation @& HgkstictF AMLY/
ETO FISH AAE B3l 53 +3 Z9(balanced complex
translocation)2 7F & mhefsh o= 9)9itt & WA $hah=
QAA AAE AT S B oL FISH AAME MLL break—
apart signal®| 35%2] A|Zo|A ALt Case 3 TR
A GAA DA trisomy 229 BFAE 0] acute myelomo—
nocytic leukemia® AGE QU SAR1H|, FISH AAE F3l
CBF§ cryptic break—apart signal®] Zaelo] 22 Aty

A HFig. 1), Al 24+ 5 “AML not otherwise cat—

Fig. 1. Karyotype by conventional chromosome analysis (A) and
the FISH patterns showing CBFf break-apart signals (B) shown
incase 1.
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gy B 579 Z 209 9] $HRK(35.1%)014 FISH HAMS
R ool s o], Ak} FA A vl FR38HA o]
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2 &0} precursor B—cell ALLOJA] &3] RkE=d £ A+
o] Aof ALL 32} 931 F- 257 (26.9%)0l14] HA=QIct o] ¥
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gk A= AAY 7.8%%Tt. o] 2= ALLOA Rtk RIE7}
229k, AMLO 742 Wo= FAA oz dofif= Z97t 3l
o o] 5 sk Zlo] AT o g Fa3ks HolErH19),
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