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NEOPLASIA

Spectral Karyotype Analysis of T-Cell Acute Leukemia

By Janet D. Rowley, Shalini Reshmi, Katrin Carlson, and Diane Roulston

Analysis of 15 cases of T-cell acute lymphoblastic leukemia karyotype. Thus, the use of SKY substantially improves the
with spectral karyotyping (SKY), which can identify all precision of karyotype analysis of malignant cells, which in
chromosomes simultaneously, clarified the chromosome turn leads to a more accurate assessment of the genotypic
rearrangements in 3 cases and confirmed them in 11 others; abnormalities in those cells.
no abnormal cells were identified in 1 case, which had only © 1999 by The American Society of Hematology.

10% abnormal cells. Five of the latter cases had a normal

CUTE LYMPHOBLASTIC leukemia (ALL) affecting T  and/or CD7 and absence of B-cell markers (eg, HLA-DR or CD19) or
cells has been associated with a normal karyotype in 30%nyeloid markers. The samples were obtained with informed consent.
to 40% of patientd:3 This is in contrast to B-cell ALL, in which ~ They were obtained at diagnosis in 12 cases and at relapse in 3 cases;

about 10% to 25% of patients have a normal karyotype in theillhe_ analysis was performed using bone marrow in 12 cases and
leukemic cell€ One concern regarding such data is the peripheral blood in 3 cases.

ibility that ina t | fi h b We used previously prepared slides from 13 patients; for 2 patients,
possibility that a recurring transiocation may have Deen overs, , o freshly prepared slides from material stored in fixative for up to

looked. This concern is reinforced by the opservatlon onl.y afewg years. We hybridized one or two slides for each case, using the SKY
years ago of the presence of the t(12;21) in 25% of childhoodyorescence in situ probe according to the protocol recommendations
pre—B-cell ALL. This translocation was identified by Berger et by the manufacturer (Applied Spectral Imaging, Carlsbad, CA). For
al using a chromosome 12 painting probe. The translocatioreach case, between 4 and 12 (average, 8) metaphase cells were captured
breakpoints were subsequently cloned and shown to involvend analyzed, using the SD200 system (Applied Spectral Imaging).

TEL (ETVH on chromosome 12 andML1 (CBFA2 on Each case that presented questionable or nonobvious G-banded chromo-
chromosome 2%6 some rearrangements was then analyzed using the appropriate single- or

We therefore undertook a study of T-cell ALL to determine dual-color chromosome paints (WCPs; Wsis, Downers Grove, IL).
whether there was an overlooked recurring translocation analo(-:hromosome probes for 2, 5, 8, 12, 14, 16, and 21 were labeled with

] . Spectrum Orang@ (SO); those for 4, 7, 13, X, and Y were labeled with
gous to the 1(12;21). We used spectral karyotyping (SKY) toSpectrum Gree®® (SG), and both fluorochromes were used for

perform this study because we wanted to examine the entirg,omosomes 1, 6, and 9. Coatasome 17 (Oncor, Gaithersburg, MD)
genome in one hybridizatioh? In our present study, SKY \yas labeled with digoxigenin.

clarified the karyotype abnormalities in a number of cases, but it

did not detect any unexpected recurring aberrations. RESULTS

MATERIALS AND METHODS The .cllnlcal data, as well as the conventional c.ytogenetl'c
analysis and the summary of the SKY results, are included in
We have karyotyped 33 patients with T-cell ALL from 1988 to 1997. Tgpje 1.
Of these, 7 had a normal karyotype in the bone marrow sample obtained ~o56 1. The G-banded karyotype showed complex rearrangements
at diagnosis, 4 had known recurring abnormalities [t(8;14), {(11;14)].nciyding an interchange involving chromosomes 1, 5, and 6. SKY was
and 22 had random, often complex, karyotype rearrangements. We hggh informative with regard to the inverted X chromosome, but in cells
material for SKY analysis for 17 patients, 5 normal and 12 abnormal.with adequate DAPI banding, it could be identified because of the
Cells from 2 of the abnormal samples had such poor morphology thagy o rma position of the centromere. The del(9p) was confirmed. SKY
precise analysis was impossible, and these samples are excluded fr%s very helpful in sorting out the 1, 5, 6 rearrangement (Fig 1, upper
the summary that follows. Therefore, this report is based on 15 patientsportion)‘ The der(1) had part of chromosome 5 translocated to the long
There were 11 males and 4 females; 11 were children 16 years of age Q. the der(5) had part of chromosome 1, and these could represent a
under, and 4 were older than 16. The diagnosis of T-cell ALL was baseq)ajanced t(1:5)(q31:932). One chromosome 6 also had material from 5,
on immunophenotypic markers, including positivity for CD2, CDS, st jikely from 5q, because it seemed to be too large to be from 5p. In
addition, there is one normal chromosome 5. The chromosome 1, 5, and
6 abnormalities were confirmed using painting probes for these three
From the Section of Hematology/Oncology, Department of Medicine,chromosomes. The genetic consequences of these changes are loss of
University of Chicago, Chicago, IL. part of 6g and 9p and gain of 5, possibly 5¢.

Submitted July 9, 1998; accepted November 2, 1998. Case 2. A complex pattern of abnormalities was noted with
Supported by National Cancer Institute Grant No. CA42557 (J.D.R.); G-banding, which included loss of the Y chromosome, a 12;13
Purchase of the SKY equipment was partially funded by Amgen, Increarrangement, and additional unidentified material on chromosomes
Thousand Oaks, CA. 14, 17, and 21, as well as a second clone with deletion of 6q added to

Address reprint requests to Janet D. Rowley, MD, DSc, Universitythese abnormalities. Using SKY, we confirmed the 12;13 rearrangement
of Chicago, Medical Center, Section of Hematology/Oncology, 5841and clarified the origin of the other rearrangements (Fig 2, upper right).
S Maryland Ave, MC 2115, Chicago, IL 60637-1470; e-mail: The large chromosome 14 is probably a duplication, because there was
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jdrowley@mcis.bsd.uchicago.edu. no evidence for a translocation of other chromosomal material. The
The publication costs of this article were defrayed in part by page add(21) was a derivative (Y;21); the origin of the centromere was
charge payment. This article must therefore be hereby mdikeder- unclear. In addition, there was an apparently balanced undetected
tisement”in accordance with 18 U.S.C. section 1734 solely to indicate translocation involving chromosomes 6 and 17, with material from 17q
this fact. translocated to 6g and 6q to 17q, resulting in the der(17) chromosome.
© 1999 by The American Society of Hematology. The involvement of chromosomes 6, 17, 12, 13, 21, and the Y was
0006-4971/99/9306-0026$3.00/0 confirmed with the appropriate sets of painting probes. The conse-
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Table 1. Summary of Clinical and Cytogenetic Data

Age/ Status/
Case Sex Source* Conventional Karyotype SKY Karyotype Commentst
1 2/[F  DX/BM 46,X,inv(X)(p22q28),add(1)(g32),der(5) 46,X,inv(X),t(1;5)(q3?2; Vysis WCP 1 sg+5s0, 1sg+6s0, and
t(1,?;5)(932;?;923),add(6)(g27), q3?1),der(6)t(5;6)(q31; 5s0+6sg confirmed t(1;5) and
del(9) (p2?1p24)[25]/46,XX[5] q2?7),del(9p)[12] der(6) t(5;6). SKY CLARIFIED
ANALYSIS
2 50/M DX/BCore 43,X,—Y,der(12)t(12;13)(p11.2; 43,X,-VY,1(6;17),der(12)t(12;13), All 14’s classified as normal; Vysis
q11),—13,add(14)(q32),add(17) —13,-13,dup(14)(q24932), WCP6 +Oncor COatasome 17 dig
(925),—19, add(21) (p13)[9)/ der(21)t(Y;21)[1]/42,X,~Y,t(6;17), confirmed t(6;17); Ysg+21so con-
43,idem,del(6)(q13g25)[3]/46,XY[8] der(12)t(12;13),—13-13,—-19, firmed der(21) t(Y;21) 12s0+13sg
der(21)t(Y;21)[1]/42,X,-Y,1(6;17), confirmed der(12) t(12;13); SKY
der(12)t(12;13),—13,—-13, CLARIFIED ANALYSIS
dup(14q),—16, der(21)t(Y;21)[1)/
39,X,-Y,—5,1(6;17),
—7,-11,der(12)(12;13),—13,-13,
dup(14q),der(2L)t(Y;21)[1]/
41,X,-Y,—3,1(6;17),
—12,der(12)t(12;13),—13,
—19,?7+20,der(21)t(Y;21)[1])/
45,X,-Y,?+3,2+6,t(6;
17),der(12)t(12;13),—13, —13,dup
(14q),der(21)t(Y;21)[1]
3 36/M RD/BM 47,XY,+?Y,dup(1)(p22p36.1),t(7;18) 47,XY,+Y,dup(1p),der(14)t(7;14) Vysis WCP 7sg+14so confirmed
(p13;p11),7add(14)(q32)[10)/ (p13;q32),der(18)t(4;18)(p1?2; der(14) t(7;14) der(19) t(9;19);
46,idem, add(19)(p13 or q13)[3]/ p1?2), der(19)t(9;19)(q34;p or 4sg+6so confirmed der(18) t(4;18).
46,XY[7] q13)[7]/46,XY[3] 7sg+WCP 14so confirmed 7on 14
but no evidence for 14 on 7; SKY
CLARIFIED ANALYSIS
4 15/F DX/PB 46,X,t(X;7)(913;932),t(8;9)(g21; 46,X,t(X;7),1(8;9),del(9p)[6]/ Vysis WCP 8so0+9sg confirmed t(8;9);
p2?4),del(9)(p13p22)[16]/46,idem, 46,idem,del(6q)[4] SKY CONFIRMED ANALYSIS
del(6) (91?5q2?3)[9]/45,idem,—6[4]/
46,XX[2]
5 9/F DX/PB 46,XX,t(1;16)(921;924)[29] 46,XX,1(1;16)[6]/46,XX[1] Vysis WCP 1sg+16so confirmed t(1;
16). SKY CONFIRMED ANALYSIS
6 0/F DX/BM 46,XX,t(7;11)(q34;p11)[19]/46,XX[4] 46,XX,(7;11)[6]/46,XX[2] SKY CONFIRMED ANALYSIS
7 5/M DX/PB 46,XY,del(9)(p13p22 or p22p24)[5)/ 46,XY,del(9p)[2)/ SKY CONFIRMED ANALYSIS
46,idem, del(6)(q15q25),[3]/ 46,XY,idem,del(6q)[2]/46,XX[1]
46,XY[24]
8 25/M DX/BM 46,XY,del(1)(p32p34)[1]/ 46,XY,del(1)(p),inv(7)[2]/46,XY[2] SKY CONFIRMED ANALYSIS
46,idem,inv(7)(p15q34)[17]/
46,XY[13]
28 Relapse BM  46,XY,del(1),add(1)(p21),t(2;15)(g37; 46,XY,del(1)(p),ins(1)(p34; A painting probe for chromosome
(post BMT)# q15),del(5)(q139g35),del(6)(q23q25), q2?3932),t(2;15)(q373; 12 and a telomere probe for 14q
inv(7),der(17)t(1;17)(q23;p11)[9]/ q17?5),del(5),del(6),inv(7),t(12; confirmed the t(12;14)
46,XY,[11] 14)(q24;93?2),der(17)t(1;17)(q372; SKY CLARIFIED ANALYSIS
p11)[6]/46,XY[1]
9 3/M DX/BM 46,XY,1(9;9)(p11;911),del(14)(q21g32)  46,XY,t(9;9),del(14)[4]/89-92[2] SKY CONFIRMED ANALYSIS
[141/90,XXYY,t(9;9)(p11;q11)X2,
del(14)(g21g32)X2,—15,—?15[3]/
46,XY[3]
10 6/M DX/BM 46,XY,t(11;14)(p13;q11)[2]/46,XY[21] 46,XY[7] No abnormal cells identified.
11 7/M  RL?/BM% 46,XY[23] 46,XY[8] SKY CONFIRMED ANALYSIS
12 10/M DX/BM 46,XY,inv(9)c[45] 46,XY[4] SKY CONFIRMED ANALYSIS
13  16/M DX/BM 46,XY[30] 46,XY[9] SKY CONFIRMED ANALYSIS
14 30/M RD%/BM 46,XY[20] 46,XY[7] SKY CONFIRMED ANALYSIS
15 6/M DX/BM 46,XY[22] 46,XY[5] SKY CONFIRMED ANALYSIS

*White blood cell count (10%L) with percent blasts in parentheses is as follows: case 4, 234 (96%); case 5, 32.5 (80%); case 7, 950; case 10, 14.4;
case 12,110 (99.5%); case 13, 17.6 (94%); case 15, 13.1.

tsg and so are Spectrum Green and Spectrum Orange, respectively (Vysis, Downers Grove, IL).

FTwo years before this sample, patient had a bone marrow transplant. A subsequent sample 13 months later had multiple clones with many
abnormalities.
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Fig 1. Examples of the analysis of cells from 2 patients showing the DAPI, SKY, and classified images as well as the results using painting
probes. (Top two rows, Case 1) (Left) Reverse DAPI image with the der(1), der(5), and der (6) chromosomes as well as normal 9 and del (9p)
identified by arrows. (Middle) SKY image; (right) classified image. (Second row right) The classified karyotype of this cell. (Second row) Three
panels show the results with painting probes for chromosomes 1, 5, and 6, confirming (left) that chromosome 5 material is on both the der(1) and
der(6), (middle left) that the t(1;5) is reciprocal, and (middle right) that there is no material from chromosome 6 on either the der(1) or the der(5).
(Bottom two rows, Case 3) (Left) Reverse DAPI image with the abnormal chromosomes including two Y chromosomes and dup(1p), del(7p),
der(14), der(18), and der(19), are identified by arrows. (Middle) SKY image of same cell; (right) classified image. (Bottom row right) Classified
karyotype. (Bottom row) Three panels showing the results of painting probes for chromosomes 4, 7, and 9, confirming (left) that part of
chromosome 4 is on the der(18), (middle left) that part of 7, presumably 7p, is on the der(14), and (middle right) that part of 9 is on the der(19).
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Fig 2. Partial karyotypes of cells with rearranged chromosomes; the involved chromosomes from the G-banded karyotype on the left and the
classified images on the right. The chromosome origin of the classified image is listed for each chromosome. In panel 1, note that for Case 4, the
left chromosome 9 has a deletion of the p arm. Panel 2 is Case 2, panel 3 is Case 6, and panel 4 is Case 5.

guences of the rearrangements were loss of 12p, probable duplication showed a del(9p) in all five cells and a del(6q) in three of them. Thus,
the telomeric portion of 14q, and loss of the centromere-short armthe genetic consequence was loss of part of 9p in all cells and of 6q in
region of 13 and material from either the Y or chromosome 21. some cells.

Case 3. Standard G-banding identified a hyperdiploid karyotype The G-banded karyotype in Case 8 showed a deletion of 1p in all
with a probable gain of a Y chromosome, a duplication of 1p, possiblyabnormal cells and an inv(7) in most of the abnormal cells. SKY
additional material on 14q, a 7;18 translocation, and a second clone witlkeonfirmed del(1p) and inv(7) in two cells.
an add (19p or 19q) in addition to these abnormalities. SKY confirmed We studied a sample from case 8 obtained in first relapse, 3.5 years
that the extra small chromosome was a Y and the duplication 1pafter the initial sample. The original abnormalities were present as well
contained only material from chromosome 1 (Fig 1, lower portion). Theas several new ones. The cells had a t(2;15)(g37;915) that was
add(14) was shown to result from a translocation from 7p. The shortconfirmed by SKY. The breakpoints were modified based on SKY to
arm of chromosome 18 was involved with chromosome 4, possibly the2q3?3 and 15q1?5. The karyotype contained an add(1)(p21) as well as a
short arm of chromosome 4. Involvement of chromosomes 4, 7, 9, andler(17)t(1;17)(g23;p11). SKY showed that the add(1) contained only
14 was confirmed with the appropriate painting probes; we could findchromosome 1 material. The banding pattern of the dark band at the end
no evidence of chromosome 14 on chromosome 7. Therefore, thefthe shortarm appeared to be 1g31. In addition, the der(17) lacked any
consequences of these rearrangements is an extra Y, duplication of 1pyidence of 1q31. Therefore, a plausible explanation is that there was a
loss of part of 14q, and an extra copy of some portion of chromosomes #reak in 1923 with 1923 to 1932 being translocated to the add(1p) and
and 9, both as yet undefined. 132 to 1qgter being translocated to the der(17). Deletions of 5g and 6q

SKY confirmed conventional G-banded karyotype analysis in 6 were confirmed by SKY. In addition, an undetected translocation
abnormal cases. In one case (Case 10), no abnormal cells were detectéayolving the long arm of both chromosomes 12 and 14 was observed;
however, abnormal cells were identified in fewer than 10% (2 of 23) ofthis rearrangement was confirmed using a painting probe for chromo-
the cells in the bone marrow (BM) sample analyzed in the clinical some 12 and a telomere probe for 14q.
laboratory. G-banded analysis of Case 4 showed t(X;7), 1(8;9), and This relapse sample was obtained after extensive chemotherapy,
del(9p), all of which were confirmed by SKY; no additional abnormali- radiotherapy, and a bone marrow transplant; a deletion of 5q is common
ties were identified (Fig 2, upper left). The 8;9 translocation was alsoin this situation. The additional structural rearrangements could also be
confirmed with painting probes. The genetic consequence was loss afecondary to exposure to these mutagenic agents. The results of the
9p. With G-banding, 29 cells of Case 5 had a t(1;16), which waschromosome rearrangements are loss of material from 5q, 6q, and 17p
confirmed using SKY (Fig 2, lower right). The translocation was also and triplication of genetic material from most of 1g. The genetic
confirmed with painting probes for chromosomes 1 and 16. Theconsequence of the 12;14 translocation is unclear.

G-banded karyotype in Case 6 showed a t(7;11) in 19 of 23 cells. This An interchange between both chromosomes 9 as well as a deletion of
was confirmed by SKY, which also confirmed that it was a balancedone chromosome 14 was seen on conventional karyotyping in Case 9.
translocation (Fig 2, lower left). The G-banded analysis of Case 7These abnormalities were confirmed with SKY. Case 10 had a t(11;14)
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seenin 2 of 23 cells. Only 7 cells were analyzed using SKY, and all hadconventional cytogenetic analysis and survival in children with

a normal karyotype. T-cell ALL.2 Accurate cytogenetic analysis is the best, and in
We examined cells from 5 patients (Cases 11 through 15) said to haVPact, for some aberrations, it is the only means of detecting these

a normal karyotype; four of these patients were younger than 17 years Oéhanges. Thus, for the foreseeable future, any technique that

age. Based on SKY analysis of about 7 cells per patient (range, 410 9,2 ces our ability to define the genetic changes in cells, and

of cells is too low for our results to be considered more than preliminary.?l:]erefore’ results in more accurate karyotypic diagnosis, may

However, considering that all 5 were bone marrow samples at diagnosiQOtentia”y have a measurable impact on treatment. As we have
which for Cases 12 and 13 contained 99.5% and 94% blasts, respe€h0wWn in this report, the cytogenetic findings in 3 of 15 patients
tively, our data suggest that leukemia cells of some patients may have were modified based on SKY. All 3 patients had abnormalities
normal karyotype. that were recognized by the cytogeneticists as being incom-
pletely characterized. Except for one case (No. 10) which had
DISCUSSION only 10% abnormal cells, SKY confirmed the original analysis
SKY clarified the abnormalities in three patients with com- in the other 11 cells. Thus, SKY provides an additional tool that

plex karyotypes. In each case, the standard G-banded analysféll be important to clarify the karyotype in patients in whom
showed chromosomes that had added unidentified materiaf®mPlex and incompletely defined abnormalities were identi-
SKY confirmed the analysis of G-banded chromosomes in gied on standard karyotype analysis.

cases that had balanced translocations or deletions alone or in ACKNOWLEDGEMENT
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