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Genetic characterization of Sézary’s syndrome
by conventional cytogenetics and cross-species
color banding fluorescent in situ hybridization 

Background and Objectives. Sézary’s syndrome is a peripheral T-cell neoplasm char-
acterized by a pruritic exfoliative or infiltrated erythroderma, lymphadenopathies, and
atypical T lymphocytes in the peripheral blood. Cytogenetic studies are scarce. This study
was designed to increase cytogenetic information on this disorder.

Design and Methods. Peripheral blood samples were collected from 21 patients with
Sézary’s syndrome (10 men, 11 women, mean age 64 years) and analyzed by convention-
al cytogenetics (72-hr cultures with phytohemagglutinin). For a better characterization
of multiple chromosomal rearrangements, cross-species color banding (RxFISH) was used
in four cases. 

Results. Fifteen (71.4%) of the 21 cases showed cytogenetic aberrations, with the kary-
otype being complex in 14. Among the 15 patients with an abnormal karyotype, 8 pre-
sented a diploid/near-diploid karyotype and 7 a near-tetraploid karyotype. The chromo-
somes most frequently involved were 1, 6, 8, 9, 10, 11, and 17. The most common struc-
tural rearrangements affected 1q, 2q, 6q23-27, and 8q22. Monosomies of chromosomes
9 and 10 and trisomies of chromosome 18 were recurrently observed. A statistical trend
between abnormal and complex karyotypes, the presence of monosomy 10, the number
of Sézary cells, and a decreased overall survival was observed. RxFISH technology allowed
the description of 27 previously undetected chromosomal abnormalities.

Interpretation and Conclusions. Abnormal karyotypes, particularly complex karyotypes,
were frequently detected in patients with Sézary’s syndrome. Monosomy 10 was the most
frequent recurrent cytogenetic marker (73% in abnormal cases). There was a high diver-
sity of chromosomal breakpoints. RxFISH is a useful novel technology for redefining com-
plex karyotypes.

Key words: cutaneous T-cell lymphoma, Sézary’s syndrome, cytogenetics, RxFISH.

Sézary’s syndrome is a rare peripheral T-
cell lymphoproliferative disorder char-
acterized by a pruritic exfoliative or

infiltrated erythroderma, lymphadeno-
pathies, and atypical T lymphocytes in the
peripheral blood.1-3 Neoplastic cells show
convoluted nuclei and may appear as either
predominantly small (Lutzner cells) or large
(classical Sézary cells), or there may be a
mixture of both. The proportion of atypical
lymphocytes is variable and there is no con-
sensus upon the degree required for diagno-
sis. However, a minimum of 1,000 Sézary
cells/mm3 is the most accepted threshold
value, since Sézary cells can also be found in
other diseases (e.g., discoid lupus erythe-
matosus) and even in a small proportion of
normal peripheral blood samples. Other
diagnostic criteria include an elevated
CD4/CD8 ratio, an increased proportion of
CD4+/CD7− T lymphocytes, and a clonal

rearrangement of T-cell receptor (TCR)
genes.4 Because of the low incidence of
Sézary’s syndrome and the difficulty in
obtaining metaphases, there are few cyto-
genetic studies on this condition. Moreover,
problems on the definition of the frequent
complex karyotypes have interfered with the
description of recurring abnormalities.5-14

A recently introduced fluorescent in situ
hybridization (FISH)-based technology, the
so-called cross-species color banding (or
RxFISH for Rainbow cross-species FISH),
consists of a DNA probe set that allows the
analysis of color-banded chromosomes.15-19

The DNA probes are derived from bivariate
fluorescence activated flow sorting of chro-
mosomes from two gibbon species (Hylo-
bates concolor and Hylobates syndactylus).
These probes have been previously charac-
terized as having both extensively
rearranged chromosomes and a high degree
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of homology to the target human DNA. Combined label-
ing of the probe set (3 fluorophores generating 7 col-
ors) and its subsequent application to metaphase
spreads in a single FISH generates a distinctive color
banding pattern throughout the genome. The addition
of colors in the karyotype has made chromosome iden-
tification simpler than during conventional banding
analysis based on a gray scale.

The aim of the present study was to increase cytoge-
netic information on Sézary’s syndrome by using con-
ventional methods and the RxFISH method. We also
assessed whether a common cytogenetic marker could
be identified to define Sézary’s syndrome, so that it
would be possible to establish a relationship between
hematologic and clinical parameters. To the best of our
knowledge, this is the first study using FISH color band-
ing technology to define complex karyotypes in Sézary’s
syndrome.

Design and Methods

Patients
The present series was formed of 21 patients with a

previous diagnosis of Sézary’s syndrome who had been
recruited in a multicenter study. The diagnoses had been
established between 1987 and 2002. There were 10 men
and 11 women with a mean age of 64 years (range 27
to 80 years). Data from seven patients have been pre-
viously reported.9,10 Patients were recruited from six dif-
ferent hospitals in Catalonia (Hospital del Mar, Hospi-
tal Universitari de Bellvitge, Hospital Clinic, Hospital de
Santa Creu i Sant Pau, Hospital Universitari Vall d’He-
brón from Barcelona and Hospital Universitari Arnau
de Vilanova from Lleida). The diagnoses were estab-
lished according to clinical, cytological, immunophe-
notypic, and molecular (TCR γchain rearrangement) cri-
teria. The characteristics of these patients are shown in
Table 1.

Conventional cytogenetics
Chromosome analyses were carried out on lymphoid

cells from phytohemagglutinin-stimulated 72-hr
peripheral blood cultures, following standard proce-
dures. Briefly, cells were incubated for 72 hr with phy-
tohemagglutinin at 37°C and harvested after exposure
to the antimitotic colcemid for 30 min at 37°C. After
having treated cells with hypotonic solution for 30 min
at 37°C, three fixative changes were performed before
the slides were prepared. Slides were aged in a slide
warmer at 100°C for 1 hr to obtain G-bands and then
stained with Wright's solution. Karyotypes are described
according the International System for Human Cytoge-
netic Nomenclature.20

Cross-species color banding FISH (RxFISH)
RxFISH analyses were performed on those cases with

a very complex karyotype for which material was avail-
able in order to characterize the multiple rearrange-
ments better (cases #10, 11, 13 and 16). A RxFISH col-
or chromosome analysis FISH kit (Applied Imaging, San-
ta Clara, CA, USA) was applied to the metaphase
spreads using the procedure described by the manu-
facturer with modifications.21 Results were analyzed in
a Nikon Eclipse 600 fluorescent microscope using an
automated filter wheel. Image acquisition was per-
formed with an RxFISH CytoVision System (Applied
Imaging). A minimum of 20 metaphases per case were
studied by two independent observers.

Statistical analysis
The χ2 test was used for the analysis of categorical

variables and Student’s t test or the Mann-Whitney U-
test for comparison of continuous variables. Time to
relapse was assessed by Cox’s regression analysis. Sur-
vival curves were estimated by the Kaplan-Meier
method. Curves were compared with the log-rank test.
The level of statistical significance was set at p <0.05.

Results

Conventional karyotypes from all patients, in four
cases redefined by RxFISH, are shown in Table 2. Fifteen
(71.4%) of 21 cases had cytogenetic aberrations, and in
14 of them a complex karyotype was found. Of the
patients with an abnormal karyotype, 8 had a diploid or
near-diploid karyotype and 7 a near-tetraploid kary-
otype. Among these 7 cases with a near-tetraploid
clone, three patients also showed an aberrant near-
diploid clone sharing chromosomal abnormalities with
the near-tetraploid line, three cases showed a normal
46,XX accompanying clone, and one case presented only
the near-tetraploid clone. In the remaining six cases, all
cells had either a normal karyotype (n = 5) or a normal
karyotype with non-clonal abnormalities (n = 1).

When the relationship between the percentages of
Lutzner and Sézary cells and the modal number of the
abnormal chromosome clones was analyzed, a mixture
of small and large cells was observed in all cases. In
those cases with a normal karyotype, the cells were pre-
dominantly Lutzner type (76% to 90% small cells),
except for one case which showed a normal karyotype
and in which 90% of the morphologically abnormal
cells were large. Among cases with an aberrant kary-
otype, three cases presented a diploid or near diploid
clone and small cells predominated (72% to 75% of
small cells); two cases presented a near-tetraploid clone
and large cells were more frequent (67% to 90% of
large cells) in the peripheral blood smear. However, in
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Table 1. Clinical, morphologic and molecular data of 21 Sézary’s syndrome patients.

Case Age Sex Clinical % Sézary cells Skin TCR Therapy Status/Follow-up
no. presentation (numberx109/L) biopsy rearrangement (months)

% LC
% SC

1 76 F Erythroderma 88 % (−) MF ND Endoxan Death
LC: − + Prednisone related
SC: − to SS/9

2 58 M Erythroderma 17% (1120) MF ND αIFN, Death
Adenopathies LC: − Chlorambucil related

SC: − to SS/21 
3 67 M Erythroderma 24% (−) MF ND ECP Death

LC: 75% related
SC: 25% to SS/1

4 75 F Erythroderma 46% (−) MF ND CHOP Death
LC: − related
SC: − to SS/26

5 76 F Erythroderma 48% (−) MF ND CHOP, Death 
LC: − AVBD, related
SC: − αIFN to SS/34

6 49 F Erythroderma 60% (18600) MF ND Chlorambucil+ Death
Adenopathies LC: 10% Prednisone, related

SC: 90% αIFN, ECP to SS/103
7 76 F Erythroderma 63% (7358) MF ND Prednisone Death

LC: 74% PUVA, MTX related
SC: 26% ECP, CHOP to SS/5

8 54 F Erythroderma 30% (1200) MF Clonal MTX, Alive/+57
LC: 90% Chlorambucil+
SC: 10% Prednisone,  PUVA, ECP

9 80 M Erythroderma 86% (11610) MF Clonal Chlorambucil Alive/+27
Adenopathies LC: 76%

SC: 24%
10 76 M Erythroderma 60% (7860) MF Non Chlorambucil, Death

Adenopathies LC: 35% clonal Pentostatin related
SC: 65% to SS/7

11 27 M Erythroderma 50% (6650) MF ND Chlorambucil, Death
Adenopathies LC: 8% Deoxycoformycin, related

SC: 92% APSCT to SS/23
12 50 M Erythroderma 28% (4060) MF Clonal Chlorambucil+ Death

LC: 72% Prednisone, related
SC: 28% Deoxycoformycin,  RT, to SS/26

CHOP
13 35 M Erythroderma 30% (4872) MF Clonal PUVA,CHOP, Death

Adenopathies LC: 84% Deoxycoformycin, related
SC: 16% αIFN, ECP, Hyper CVAD to SS/15

14 74 M Erythroderma 25% (3475) MF  Clonal Chlorambucil+ Death
LC: 82% Prednisone, related
SC: 18%       αIFN            to SS/40

15 70 F Erythroderma 10% (-) MF Clonal Chlorambucil+ Dead
LC: 10% Prednisone, of pulmonary 
SC: 90% αIFN, PUVA, ECP fibrosis/27

16 56 M Erythroderma 20% (2060) MF Clonal Pentostatin+RT, Alive/+29
Adenopathies LC:33 % Chlorambucil+

SC:67% Prednisone, CHOP, 2-CDA
MTX, IFNα

17 70 M Erythroderma 57% (1818) MF Clonal Chlorambucil+ Alive/+7
Keratodermia LC:17 % Prednisone

SC:83%
18 68 M Erythroderma 20%  (980) MF Non clonal Chlorambucil+ Alive/+6

LC: 90% Prednisone
SC: 10%

19 73 F Erythroderma 56% (7672) MF Oligoclonal Chlorambucil Alive/+17
Adenopathies LC: 85%

SC:15%
20 78 F Erythroderma 6% (7000) MF Clonal Chlorambucil+ Alive/+22

LC: 95% Prednisone
SC: 5%

21 58 F Erythroderma 20% (6000) MF Clonal COP, fludarabine Alive/+17
LC: 88%
SC:12%

M: male; F: female; MF: Mycosis fungoides; ND: not done/no material available; PR: partial remission; PD: progressive disease; LC: Lutzner cells (small); SC: Sézary cells
(large); TCR: T-cell receptor; α -IFN: α interferon; ECP: extracorporeal photoapheresis; CHOP: cyclophosphamide, adriamycin, vincristine and prednisone;
ABVD: adriamycin, bleomycin, vinblastine, dacarbazine; PUVA: psoralen+ultraviolet A irradiation; MTX: methotrexate; APSCT: allogeneic peripheral stem cell
transplantation; RT: radiotherapy; CVAD: cyclophosphamide, vinblastine, adriamycin, dexamethasone; COP: cyclophosphamide, vincristine, prednisone;
2-CDA: 2-clorodeoxyadenosine.
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Table 2. Karyotypes and TCR-γg rearrangement from 21 patients with Sézary’s syndrome . Chromosomal abnormalities
are defined by conventional cytogenetics and by RxFISH in those cases with a complex karyotype for which materi-
al was available.

Case Karyotype (conventional cytogenetics and RxFISH) TCR-γ rearrangement

1 45,XX,t(1;4;11)(q31;p16;q13.1), del(2)(p21), del(6)(q23) ND
t(6;14)(p23;q21-22),-10,-10,del(12)(p12), add(16)(p13), add(20)(q13),
+mar [13]/84-88, idemx2, inc [7]/ 46,XX [10]

2 44,XY,add(1)(p36),add(2)(q37),add(6)(q27),-10,-13,del(14)(q22),-15,-22, ND
+2mar [12]/46,XY[18]

3 46,XY,add(14)(q32)[10]/46,XY[10] ND

4 47,XX,-10,+18,+19 [8]/ 46,XX [16] ND

5 44,X,-X,del(1)(q32),-13 [20]/46,XX [16] ND

6 89,XXXX,+1,+1,+2,+3,+3,+4,+4,+4,+5,del(5)(p11),+6,+6,+del(7)(p11), ND
+9,+11,+11,+11,+12,+13,+13,+14, +14,+15,+15,+16,+16,+17,+17,+17,
+17,+18,+20,+21,+21,+22, +22,+22,+22,+2mar [25]/46,XX [1]

7 41-44,XX, del(1)(p11),der(2),der(2),-4,der(4), del(5)(q13q33),-6,-8, ND
del(9)(p22),-10,-12,-12,-13, add(15)(q26),add(16)(q24),-17,
add(17)(p13),-19, add(22)(q13),+5mar [cp8]

8 46,XX [20] Non-clonal

9 46,XY [20]/46,XY,t(2;12)(q23;q24) [1] Clonal

10 48,XY, der(1)t(1;6)(q25;q25),+4, Non-clonal
der(6)(8qter→8q22::6p23→6q25::1q25→1qter), del(6)(q23),
+der(8)t(8;15)(q22;q13),-9,der(11), del(15)(q15), der(15)t(11;15)(q21;q23), 
der(17)t(17;18)(q21;q21),+18,der(19)t(9;19)(q11;p13), der(22), t(Y?;22)(?;q11)[16]/ 
91 chromosomes with the same cytogenetic aberrations [4]

11 48,XY,add(1)(p36),del(3)(p14),inv(6)(p22q12),+7,der(8)t(1;8)(p36;q24), ND
del(9)(q13q22), +del(9)(q13q22),der(15)t(9;15)(q31;q22),
der(22)t(3;22)(p21;q13) [14]/46,XY[6]

12 41,X,-Y,del(2)(q34),+der(3),der(6)add(6)(p25)add(6)(q27), Clonal
add(7)(p22),-8,-9,-10,-11,-13,-14, add(19)(q13.1),+20 [6]

13 44,X,-X,1qh+,der(1)t(1;13)(q11;q14),der(2)add(2)(p22)add(2)(q37), Clonal
der(2)(2p25→2q37::2q11→2q21), del(3)(p11),der(5)t(5;7)(p15;q22), 
del(6)(q21),der(6)t(3;6)(q11;q15), -10,t(10;11)(p11;p12), 
der(13)t(8;13)(q11;q14),add(17)(p13),der(19)t(1;19)(q21;q13)[12]/44,X,-X,
1qh+,der(1)t(1;13)(q11;q14), der(2)add(2)(p22)add(2)(q37),der(2)(2p25→2q37::2q11→2q21),
del(3)(p11), der(5)(7q22→7q36::5p15→5q13::7q22→7q32),del(6)(q21),-10, 
10,der(11)t(10;11)(p11;p12),+der(11), der(13)t(8;13)(q11;q14),der(17),
der(19)t(1;19)(q21;q13)[20]/ 90 chromosomes with the same cytogenetic aberrations [4]

14 46,XY[20] Clonal

15 46,XX[20] Non-clonal

16 89,XXYYY,+der(1),+der(1),+2,+2,+3,+3,+4,+4,+5,+5,+7,+7,+t(8;14)(q11;q11), Clonal
+der(8) t(8;14)(q11;q11), +8,+9,-10,+11,+12,+12,+13,+13,+15,+15,+16,
+16,+17, +18, +18,+18,+19,+19,+20,+20,+21, +21,+22,+22,+22,
+mar (t(10;11)(q11;q11)) [7]

17 45,XY,add(1)(p36),del(3)(p23),-10,-17,+mar [5]/ 46,XY [15] Non-clonal

18 46,XY[20] Non-clonal

19 46,XX [20] Oligoclonal

20 82-87,XX,der(1),+2,+3,+4,+der(4),+der(4),+5,+6, del(6)(q23),+7,+der(7), Clonal
+8,+9,+11,+add(11)(q24),+12, +12,+13,+14,+14,+15,
+16,+der(17),+der(17),+18,+18,+19,+19,+20,+20,+21,
+21,+5-10 mar [cp3]/ 46,XX[17]

21 90,XX,+1,+1,+2,+2,+3,+3,+der(4),+5,+der(5),+7,+7,+8,+8,+i(8)(q10), Clonal
+9,+11,+der(11),+12,+13,+13,+14,+15,+16,+add(16)(q22),+17,+17,+der(17),
+18,+18,+18,+18,+19,+20,+20,+21, +21,+21,+22,+22,+5mar [2]/46,XX[13]
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two cases, the neoplastic cells were more frequently
large cells (92% and 83%) but the only abnormal cyto-
genetic clone had a near-diploid range. Two cases
showed an aberrant near-diploid clone sharing chro-
mosomal abnormalities with the near-tetraploid line; in
one of these cases, large cells predominated, whereas
in the other small cells were the most important neo-
plastic population (Tables 1 and 2).

The frequency of chromosomal involvement was as
follows: chromosome 10 in 11 cases; chromosomes 1
and 6 in 10 cases; chromosomes 8, 9, 11, and 17 in 8
cases; chromosomes 2, 19, and 22 in 7 cases; chromo-
somes 4, 13, 14, and 15 in 6 cases; chromosomes 3, 5,
7, and 18 in 5 cases; chromosome 20 in 3 cases; and
chromosomes 21, X, and Y in 2 cases. The most common
structural rearrangements affected 1p (3 cases), 1q (4
cases), 2q (3 cases), 6q (7 cases), and 8q (5 cases). Struc-
tural aberrations are detailed in Table 2. It is notable
that unbalanced abnormalities, such as unbalanced
translocations, additions, deletions, derivative chromo-
somes, and other were more common than balanced
aberrations (Table 3). RxFISH technology was applied in
four cases (cases 10, 11, 13, and 16) and allowed the
description of 27 unpreviously detected chromosomal
abnormalities (Table 2, Figure 1).

Chromosomal abnormalities did not have statistical-
ly significant implications for survival, probably because
of the small sample size (21 patients). Although there
were too few patients with non-complex karyotypes to
measure the odds ratio for relapse accurately, a statis-

tical trend between abnormal karyotypes (p = 0.080),
complex karyotypes (p = 0.210), presence of monosomy
of chromosome 10, number of Sézary cells (large) (p =
0.375) and a decreased overall survival was observed
(Figures 2, 3 and 4).

Discussion

In the present study, we confirm the high number of
chromosome abnormalities in Sézary’s syndrome that
has previously been reported by our group and others.5-

14,22-25 Clonal chromosome aberrations were found in
71.4% of patients. In a recent literature review,24 61%
of the 274 cases of Sézary’s syndrome showed an
abnormal karyotype. The most frequent chromosomal
abnormalities were losses of chromosome 10, deletions
of 1p, isochromosome 17q, additions of 17p and 19p,
and translocations involving 1p, 10q and 14q. On the
whole, losses were more frequently observed than gains
of chromosome regions or entire chromosomes. Regard-
ing recurring structural aberrations, two cases with a
der(8)t(8;17)(p11;q11) were reported by Thangavelu et
al.11 and recently Mao et al.24 detected a der(1)t(1;10)

Table 3. Common structural rearrangements and numer-
ical chromosomal anomalies in 21 patients with Sézary’s
syndrome.

Data Chromosome bands

Affected region
Involvement of 1q 1q11, 1q21, 1q25, 1q31, 1q32
Involvement of 2q 2q11-q21, 2q34, 2q37
Involvement of 6q 6q15, 6q21, 6q23, 6q25, 6q27
Involvement of 8q 8q11,8q22, 8q24
Involvement of 14q 14q21-q22, 14q32
Involvement of 15q 15q22, 15q23, 15q26
Involvement of 17q 17p13
Involvement of 19q 19q11, 19q13
Involvement of 22q 22q11, 22q13

Data Frequency (%)

Chromosome
+4 3/15 (20)
-6 3/15 (20)
-9 6/15 (40)
-10 11/15 (73)
-13 4/15 (27)
-14 4/15 (27)
+18 5/15 (33)

Figure 1. A. Conventional karyotype  and B. RxFISH
karyotype from patient #13.
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(p2;q2) and a der(14)t(14;15)(q?;q?) in two cases each.
However, a review of the previously published series
reveals a high variety of complex chromosome aberra-

tions, which were predominantly unbalanced aberra-
tions. We did not find any cases with the above men-
tioned derivative chromosomes in our series. In our
opinion, the finding of these aberrations in only two
cases each and the lack of more reported cases with the
same aberrations seem to indicate that these structur-
al rearrangements do not represent hallmark re-
arrangements in Sézary’s syndrome, but just reflect the
high degree of chromosome instability in these patients.

Among our patients, monosomy of chromosome 10
(73% in cases showing an aberrant karyotype) was the
most frequent abnormality. Studies using convention-
al cytogenetic methods,5-14,24 comparative genomic
hybridization,22,23 loss of heterozygosity26,27 and genomic
microarrays28 have extensively reported losses of one or
both copies of the entire chromosome 10 or 10q
regions. Scarisbrick et al.26 defined an overlapping region
of deletion between 10q23 and 10q24 in 23% of cases
of mycosis fungoides. Losses on this region were also
observed in Sézary’s syndrome. Patients with allelic loss
in 10q were analyzed for abnormalities on the tumor
supressor gene PTEN (10q23.3): no mutations were
found, but a homozygous deletion was detected in 2
patients. These observations may point to an important
role of PTEN in the pathogenesis of mycosis fungoides
and Sézary’s syndrome.23,26,27 Compararive genomic
hybridization in 7 cases identified a different minimal
overlapping region of loss at 10q25-q26.22 Loss of chro-
mosome 10 or 10q25-q26 was present in both de novo

Figure 2. Relation between presence of cytogenetic
abnormalities and cumulative survival (p=0.08).

Figure 3. Relation between complexity of karyotype (a
complex karyotype is defined as having three or more
cytogenetic abnormalities) and cumulative survival
(p=0.215).

Figure 4. Relationship between the number of Sézary
cells (large cells) and cumulative survival (p=0.375).
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Sézary’s syndrome and in Sézary’s syndrome evolving
from mycosis fungoides. A deletion specifically defined
to the mentioned region had not been previously
reported in Sézary’s syndrome, and the authors sug-
gested two possible candidate genes located at 10q25-
q26, namely MXI130 and DMBT1.30,31 These genes had
been previously described in prostate cancer and in
malignant brain tumors and desmoplastic melanoma
respectively. Other genes on 10q are FAS and LGI1;32

however, no strong association between the majority of
cases of Sézary’s syndrome and a putative tumor
supressor gene has yet been described. Concerning
chromosome 1, losses in 1p have been frequently
reported,5-11 and compararive genomic hydridization has
delineated a minimal region of deletion at D1S228
(1p36).23 Previous comparative genomic hydridization
studies have also shown losses of DNA copy number at
1p in various carcinomas, nodal lymphomas and
leukemias.33 With regard to 1p genes, a large number of
candidates involved in the pathogenesis of cutaneous
T-cell lymphomas have been indicated, including
MTS1/SA1/TFS1, BCL10, TAL-1, BRCD2, MOM1/PLASG2,
P73 and P18.

In our series, we found few cases with additions on
chromosome arm 1p36, which could imply a very small
loss of material on the 1pter region. In addition, we
found a wide variety of rearrangements affecting 1q
arm (four cases), generally as complex unbalanced
translocations or deletions. Losses on 1q have been pre-
viously described, but not as often as 1p deletions. Mao
et al.23 found 1q deletion in two cases of Sézary’s syn-
drome, and a loss of 1q32q43 by compararive genom-
ic hydridization in one case. In addition, a series of 1q
microsatellite markers was used and allelic losses were
identified at D1S397 (1q25) in 21% cases of mycosis
fungoides. Chromosome 1 might be significant in
Sézary‘s syndrome, and the genes located on both 1p
and 1q arms could be hypothesized to play an impor-
tant role in the pathogenesis of this disease.

The long arm of chromosome 6 was frequently affect-
ed, from q11 to q27 bands, in our patienst with Sézary’s
syndrome (seven cases). It is important to note that in
a previous series chromosome 6 was not distinguished
as an important chromosome in Sézary’s syndrome,
although it has been implicated in the syndrome by
some authors.6,9 Losses on 6q have been most frequent-
ly reported in mature B-cell neoplasms34,35 and in B-cell
acute lymphoblastic leukemia,36 mainly affecting 6q21-
q27 bands. However, other types of neoplasms have
also presented with 6q aberrations, such as T-cell acute
lymphoblastic leukemia, acute myeloblastic leukemia,
T-cell prolymphocytic leukemia and myelodysplastic
syndromes. In addition, a wide range of solid tumors
have also shown 6q losses, such as pancreas and breast
adenocarcinoma, uterine leiomyosarcoma, malignant

melanoma and brain astrocytoma.37

In our series, in concordance with others, chromo-
some 8 also appeared to be affected. Detected aberra-
tions of this chromosome were partial loss of the 8q
region and a total loss of the chromosome (monosomy).
In addition, among our patients, there were four cases
of gains on 8q as unbalanced translocations and one
case had a +i(8)(q10). Three of these cases were asso-
ciated with monosomy 10, and had very complex kary-
otypes. It is worth pointing out that four cases with
gains of 8q (instead of losses) associated with losses of
10/10q were reported by Karenko et al.22 and that gains
of 8q were also identified by Mao et al.23 These two
series both led to the suggestion that 8/8q gains were
a feature of disease progression.

In our series 17p was not extensively involved, as we
detected add(17)(p13) in only two cases. The 17p region
has, however, been widely described to show aberra-
tions10,11 as the P53 tumor supressor gene is located in
this region. Brito-Babapulle et al.38 analyzed P53 muta-
tions by direct DNA sequencing, allele deletions by FISH
and protein accumulation by immunocytochemistry in
T-prolymphocytic leukemia and Sézary’s syndrome.
Among 11 cases of Sézary’s syndrome, P53 deletion was
present in nine cases and P53 overexpression was
detected in five cases. The study revealed both P53
deletion and protein accumulation without evidence of
mutations in the most relevant exons described in cuta-
neous T-cell lymphomas. In another study of 15 Sézary’s
syndrome patients, a high rate of loss of heterozygosi-
ty was detected on 17p (42%).27 Since losses of this
region affect a very thin chromosome band, which can
be overlooked by conventional methods or RxFISH, the
application of a specific locus probe for 17p13 deletion
will probably increase the frequency of detection of
cases with this deletion.

Another common region of allelic loss is 9p (more
precisely 9p21): P15 and P16 tumor supressor genes
are mapped to this region.27,39 P15 and P16 genes encode
cyclin-dependent kinase inhibitors, which play a crucial
role in the control of the cell cycle. Inactivation of these
genes is frequently observed in high grade B-cell non-
Hodgkin’s lymphomas40 and occasionally in patients
with early cutaneous stages of mycosis fungoides.41 In
a series examined by Scarisbrick et al.,27 9p showed the
highest rate of loss of heterozygosity (LOH) (46%) in
patients with Sézary’s syndrome, and the rate was also
high in those with mycosis fungoides (16%). However,
since P15 and P16 genes frequently become inactivat-
ed by hypermethylation of promoter sites and rarely by
small deletions or point mutations,42 the true preva-
lence of inactivation of these genes evaluated by LOH
rates is underestimated.

Regarding correlations with chromosomal abnormal-
ities and survival, we found an association between the
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presence of monosomy of chromosome 10 and a
decreased overall survival. No correlations were detect-
ed with other cytogenetic aberrations, probably because
of the small sample size. Losses on 10q and 17p were
related to more advanced stages of mycosis fungoides
and Sézary’s syndrome, suggesting that tumor supres-
sor genes, such as PTEN (10q23), FAS (10q24), and P53
(17p13) may be associated with disease progression. In
contrast, losses on 1p and 9p, affecting the P18 (1p32),
TAL1 (1p32), and P16 (9p21) genes, might be associat-
ed with early stages of these diseases.22,26,27

We did find a correlation between a predominance of
morphologically large Sézary cells and a worse overall
survival in our series, although given the low number of
cases available to run statistical studies, this associa-
tion was not statistically significant. Overall, we could
not find a relation between the percentage of Lutzer
cells and/or Sézary cells and modal number of the
abnormal chromosome clones, as some cases with a
predominant large cell population showed only a near-
diploid clone or vice versa. RxFISH seems to be an addi-
tional tool to help the study of complex karyotypes in
Sézary syndrome. We have previously demonstrated the
value of this new FISH technology in the study of
peripheral T-cell neoplasms, in particular, T-prolym-
phocytic leukemia,21 and its usefulness in other neo-
plasms, such as leukemias43 and solid tumors44 has also
been shown. To our knowledge, this is the first study in
which the RxFISH technique has been used to charac-
terize chromosomal rearrangements in Sézary’s syn-
drome. This novel technique identified between 6 to12
not previously recognized aberrations per case. Other
multicolor FISH techniques have already been used in
the study of complex chromosomal aberrations in

Sézary’s syndrome. Mao et al.24 analyzed 17 of a total
of 28 cases using a multiplex FISH, combined with an
intensive dual-color FISH analysis using whole chro-
mosome painting probes. They found that convention-
al cytogenetics and multiplex-FISH results were con-
sistent, and new aberrations could be identified.

In conclusion, abnormal karyotypes, which were most-
ly complex, were frequently detected in patients with
Sézary’s syndrome. The most recurrent cytogenetic
marker was monosomy of chromosome 10 (73% in
abnormal cases). Although chromosomal rearrange-
ments were frequent, a high diversity of chromosomal
breakpoints was found. Thus, RxFISH was a useful tech-
nique to redefine complex karyotypes. Regions to which
TCR genes have been mapped (14q11, 14q32, 7p15 and
7q35) were not involved. This finding suggests that the
genetic basis for Sézary’s syndrome is different from
that involved in other T-cell malignancies.
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