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A b s t r a c t

Hyperdiploidy sometimes is found in mycosis
fungoides–Sézary syndrome, but its diagnostic
significance remains undefined. We report an unusual
case of Sézary syndrome manifesting with leukemic
large cell transformation. Conventional karyotypic
analysis showed the presence of a near-tetraploid
neoplastic clone. With dual-color cytometric analysis,
we showed that the large Sézary cells were near-
tetraploid with a DNA index of 1.86, thereby
demonstrating a direct relationship between cell size
and ploidy. Comparative genomic hybridization further
showed chromosomal imbalances that were not
revealed on conventional karyotyping. Our findings
suggest that hyperdiploidy may be a marker of large
cell transformation, so that when this karyotypic
abnormality is found in mycosis fungoides–Sézary
syndrome, a search for such a complication is
indicated.

Mycosis fungoides is a malignant disorder of T-helper
cells characterized by proliferation of CD3+ CD4+ CD8–
small lymphocytes with cerebriform nuclei in the skin. The
disease shows a slow progression, sometimes with progres-
sive involvement of the lymph nodes, visceral organs, bone
marrow, and blood (Sézary syndrome).1,2 Large cell transfor-
mation can occur in mycosis fungoides–Sézary syndrome. In
most cases, the large cell transformation is demonstrated in
solitary tumor infiltrates involving the skin and visceral
organs.3,4 Although circulating large lymphoma cells some-
times can be found in Sézary syndrome,5 a leukemic phase
composed solely of large cells has not been reported. We
describe the conventional and molecular cytogenetic findings
of a case of Sézary syndrome manifesting with leukemic
large cell transformation.

Materials and Methods

Case Report

A 75-year-old man sought care because of itchy skin
rashes for 3 years. Clinical examination revealed multiple
papular infiltrates in a background of erythroderma. There
was no adenopathy or organomegaly.

A skin biopsy showed an infiltrate of abnormal large
cells in the upper dermis. There was epidermotropism as
evidenced by invasion by single tumor cells, but the classic
Pautrier microabscess was absent. These large lymphoma
cells had irregular to folded vesicular nuclei with prominent
nucleoli. Scattered in the background were smaller lymphoid
cells with condensed chromatin and cerebriform nuclei,
which were typical of Sézary cells ❚Image 1❚.
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Peripheral blood cell counts at presentation were as
follows: hemoglobin, 13.1 g/dL (130 g/L); platelets, 102 ×
103/µL (102 × 109/L); and leukocytes, 17,000/µL (17.0 ×
109/L) with 42% (0.42) neutrophils, 13% (0.13) lymphocytes,
2% (0.02) monocytes; and 43% (0.43) large lymphoid cells
with a high nuclear/cytoplasmic ratio, folded nuclei showing
deep and narrow grooves, clumped chromatin, and distinct
nucleoli ❚Image 2❚. Small lymphocytes with folded or cerebri-
form nuclei could not be found. The marrow was hypercellular
with increased megakaryocytes, active and normoblastic
erythropoiesis, and active granulopoiesis. Eosinophils also
were increased, accounting for 11% of the myeloid cells. An
interstitial to diffuse infiltrate of abnormal large lymphoid cells
was found, accounting for 29% of the nucleated cell popula-
tion ❚Image 3❚. Immunocytochemical study of the peripheral
blood sample showed that the large lymphoid cells expressed
CD3, CD4, and CD5 but were negative for CD2, CD7, CD8,
CD25, CD30, and B-cell antigens. Small lymphocytes with an
immunophenotype of cytotoxic T cells (CD3, CD5, CD7,
CD8) were seen in the background. A diagnosis of Sézary
syndrome with large cell transformation was made. The
patient was treated with oral prednisolone and chlorambucil
with a good partial response and substantial shrinkage in the
sizes of the skin infiltrates. Three months after diagnosis, the
patient died of pulmonary infection, the causative agent of
which could not be established.

Cytogenetic analysis performed on 3-day phytohemag-
glutinin-stimulated and fluorodeoxyuridine-synchronized
culture of the circulating lymphoma cells showed a near-
tetraploid clone with 88,add(X)(q28)x2,–Yx2,del(3)(p13p21)
x2,+add(7)(q36),+der(7)t(7;14)(p13;q11),–8x2,–9,
der(9;11)(q10;q10),der(9)t(9;?)(p21;?)x2,–10x2,add(11)(p15),
der(12;15)(q10;q10),–13x2,add(13)(q34)x2,–15,–17x2,i(17)
(q10)x2,–18,–19,+20,+mar1,+mar2x2,+mar3,+mar4x3,+r[10]
❚Image 4❚, in addition to a normal clone of 46,XY[20]. Clonal
rearrangement of the T-cell receptor gamma gene was demon-
strated by polymerase chain reaction using 2 pairs of V-
gamma and J-gamma primers as previously described (data
not shown).6

Ultrastructural Study

Ultrastructural study was performed on peripheral blood
mononuclear cells isolated by Ficoll density gradient sedi-
mentation. The cells were fixed in 3% glutaraldehyde in
phosphate buffer. Postfixation, dehydration, and embedding
were performed according to standard methods. Ultrathin
sections were examined after staining with lead citrate and
uranyl acetate.

DNA Ploidy Analysis

To analyze the DNA ploidy of the Sézary cells, dual-color
flow cytometric analysis of the surface immunophenotype and

DNA content was performed as previously described.7

Briefly, the lymphoid cells were labeled with a fluorescein
isothiocyanate–conjugated anti-CD3 antibody (Immunotech,
Miami, FL), whereas the DNA was stained with propidium
iodide in the presence of RNAse (DNA Prep Reagent Kit,
Beckman Coulter, Fullerton, CA). The cell fluorescence was
measured by a Coulter XL flow cytometer (Beckman
Coulter, Miami, FL). Gating parameters included forward

❚Image 1❚ Skin biopsy specimen showing a dense infiltrate
of abnormal large cells in the upper dermis. These large
lymphoma cells had irregular to folded vesicular nuclei with
prominent nucleoli. Scattered in the background are typical
small Sézary cells (H&E, ×400).

❚Image 2❚ A large lymphoma cell in the peripheral blood
with a high nuclear/cytoplasmic ratio, folded nuclei showing
deep and narrow grooves, and clumped chromatin (May-
Grünwald-Giemsa, ×1,000).
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and side scatters, and green fluorescence corresponding to
CD3+ cells. Data from more than 10,000 cells were
collected. The DNA histograms were analyzed further with a
software modeling program (ModFit LT, Verify Software
House, Topsham, ME).

Comparative Genomic Hybridization

Comparative genomic hybridization (CGH) was
performed according to standard protocols.8 Briefly, high-
molecular-weight DNA was extracted from the lymphoma
cells. The lymphoma and normal (from a healthy male)
DNA were labeled by nick translation with SpectrumGreen
(Vysis, Downers Grove, IL) and SpectrumRed (Vysis)
respectively, coprecipitated with human Cot-I DNA, dena-
tured and hybridized to normal metaphase slides (Metaphase
CGH Target Slides, Vysis). The hybridization was performed
in a moist and light-tight chamber at 37°C for 5 days. After
hybridization, the slides were washed at 73°C and counter-
stained with 4´,6-diamidino-2-phenylindole (DAPI) to
produce a banding pattern that enables chromosome identifi-
cation and standard karyotyping.

The metaphase spread was examined under UV light
with a fluorescence microscope (Leica DMRBE, Wetzlar,
Germany) using appropriate filters. The CytoVision digital
imaging system (version 3.1, Applied Imaging, Santa Clara,
CA) was used for calculation of the green/red fluorescence
ratio of each chromosome. The average ratios of at least 10
well-selected metaphases were plotted along ideograms of
their corresponding chromosomes to give a relative copy
number karyotype. The ratios of 1.25 and 0.75 were used as
the upper and lower thresholds for the identification of chro-
mosomal imbalances.

Results

Ultrastructural Study

The lymphoma cells were large and had markedly irreg-
ular nuclear membranes with peripheral chromatin conden-
sation, deep nuclear grooves, and indentations typical of
Sézary cells. However, there also was a prominent but often
single nucleolus ❚Image 5❚. The lymphoma cells had a
moderate amount of cytoplasm with few organelles.

DNA Ploidy Analysis

Ploidy study on the CD3+ cells showed a major popula-
tion of near-tetraploid cells (87%) with a DNA index of 1.86,
which was consistent with the modal chromosome number
observed karyotypically ❚Figure 1❚. Diploid cells accounted
for the remaining 17% of cells, corresponding to residual
normal T lymphocytes seen in the peripheral blood.

Comparative Genomic Hybridization
CGH showed losses for the whole of chromosomes Y,

10, 13, 15, and probably 18. There were partial gains of
chromosome 1 at 1q21–q32, chromosome 2 at 2p11–pter,
chromosome 7 at 7q21–qter, chromosome 8 at 8p11–pter,
chromosome 14 at 14q13–q32, chromosome 17 at
17q11–qter, and the X chromosome at Xq25–qter, and
losses of chromosome 3 at 3p14–p21, chromosome 9 at
9p11–pter and 9q22–q32, and chromosome 17 at
17p11–pter. The relative values of the fluorescence ratios
corresponded to the copy number changes shown by
conventional cytogenetics. Thus, 2 of the 4 copies of chro-
mosome 10, 13, and 15 were lost, while only a single copy
of chromosome 18 (with 3 copies remaining) was absent
❚Figure 2❚.

Discussion

Mycosis fungoides–Sézary syndrome is an uncommon
disease and is particularly rare in the Asian population.9,10

A review of the hematology file of Queen Elizabeth
Hospital, Hong, Kong, China, showed that this was the
third case of documented Sézary syndrome during the past
6 years. The neoplastic cells in mycosis fungoides–Sézary
syndrome are CD3+ CD4+ CD8–. The presence of charac-
teristic skin lesions and immunophenotype of CD4+ CD8–
confirmed this to be a case of Sézary syndrome. Our case is
unusual because the patient presented with Sézary
syndrome in large cell transformation with a predominance
of large cells in the circulation and skin infiltrate. Large
cell transformation is not uncommon in mycosis fungoides
during the course of the disease and has been reported in
8% to 55% of cases.4,11-13 However, the large cell transfor-
mation usually occurs in the skin or other extracutaneous
sites, such as lymph nodes. Circulating large Sézary cells
sometimes can be found in small numbers, rarely to the
extent seen in our patient, therefore limiting detailed inves-
tigations of these neoplastic cells. Our case provided a
unique opportunity for the documentation of the morpho-
logic features, karyotype, and DNA ploidy of these tumor
cells.

Conventional karyotypic analysis showed that near
tetraploidy was found in about 16% of cases in Sézary
syndrome and might occur without the overt presence of
large tumor cells.14 On the other hand, aneuploidy with a
DNA index of 1.2 to 1.9 had been found in large cell trans-
formation of cutaneous T-cell lymphoma. Since these
studies involved conventional karyotypic analysis of a
heterogeneous mixture of tumor cells, it is unclear which
population of the tumor cells was hyperdiploid. Because a
close relationship exists between the cell size and DNA
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content of neoplastic cells in malignant lymphoma and
acute leukemia,15,16 we surmised that, in our case, the near-
tetraploid population as defined by conventional karyotyping

should correspond to the large Sézary cells. With dual-
color flow cytometry, we showed that the near-tetraploid
cells were indeed the large Sézary cells. Hyperdiploidy,

❚Image 3❚ Trephine biopsy section showing a cluster of
large lymphoma cells in a background of active hemato-
poiesis (H&E, ×400).

❚Image 4❚ One of the abnormal metaphases showing
89,add(X)(q28)x2,–Yx2,t(1;17)(q11;p11.2),del(3)(p13p21)x2,+add
(7)(q36),+der(7)t(7;14)(p13;q11),–8x2,–9,der(9;11)(q10;q10),der
(9)t(9;?)(p21;?)x2,–10x2,add(11)(p15),der(12;15)(q10;q10),–13x2,
add(13)(q34)x2,–15,–17,i(17)(q10)x2,–18,–19,+21,+mar1+mar2x
3,+mar3,+mar4x3,+r (G-banding with trypsin-Giemsa).

❚Image 5❚ A large Sézary cell showing a serpentine nucleus
with deep and narrow grooves, a prominent nucleolus, and
a moderate amount of cytoplasm (lead citrate and uranyl
acetate, ×8,900).
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❚Figure 1❚ Dual-color flow cytometric DNA ploidy analysis of
CD3+ tumor cells showing 2 peaks corresponding to a diploid
population (region A, 16.7%, channel 57.5) and a near-tetraploid
population with a DNA index of 1.86 (region B, 83.3%, channel
106.8). Insert shows the gating of CD3+ tumor cells for ploidy
analysis. The position of the diploid channel was verified by
simultaneous analysis of nonmalignant diploid cells. FITC, fluo-
rescein isothiocyanate; PI, propidium iodide.
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therefore, may be a karyotypic marker of large cell transfor-
mation in Sézary syndrome. The significance of our findings
is that when karyotypic analysis shows hyperdiploidy in
patients with mycosis fungoides–Sézary syndrome, a diligent
search for evidence of large cell transformation is warranted
so that appropriate therapy can be instituted.

Furthermore, in view of the multiple karyotypic abnor-
malities present in the neoplastic clone, we also used CGH to
define the overall genetic alterations in the tumor cells. The
findings of CGH correlated well with the observations in
conventional karyotyping in demonstrating Xq+, –Y, –3p,
+7q, –9p, –10, –13, –15, –17p, and +17q in the form of
i(17q). However, CGH also showed the presence of +1q,
+2p, +8p, and +14q, which were not obvious from the
conventional cytogenetic analysis. In addition, 8 copies of
chromosome 7q were demonstrable by CGH, while only 6
copies were seen in conventional cytogenetics (4 normal
chromosome 7 together with 2 derivatives of chromosome 7,

1 with additional material of unknown origin in 7q and the
other being unbalanced translocation with chromosome 14).
As CGH assesses the overall genetic alterations and karyo-
typing of only the neoplastic clones that divide in culture, the
differences in results may indicate subclonal heterogeneity in
genetic imbalances. Finally, a gain of 8p, monosomy 10, and
loss of 17p in the form of i(17q) seem to be common recur-
rent findings in mycosis fungoides–Sézary syndrome14,17 and
might be targets for further study.
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❚Figure 2❚ Comparative genomic hybridization (CGH) fluorescence ratio profile. The central line in an individual ideogram
represents a ratio of 1.0. The 2 lines to the right indicate ratio values of 1.25 and 1.5 as depicted, while the 2 lines to the left
indicate ratio values of 0.75 and 0.5. The chromosome numbers are given below the individual ideograms (n = number of
homologues examined). The CGH profile suggests losses for the whole of chromosomes Y, 10, 13, 15, and probably 18;
partial gains at 1q21–q32, 2p11–pter, 7q21–qter, 8p11–pter, 14q13–q32, 17q11–qter, Xq25–qter; and partial losses at
3p14–p21, 9p11–pter, and 9q22–q32,17p11–pter.
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