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Utility of flow cytometry immunophenotyping and DNA ploidy studies for diagnosis
and characterization of blood involvement in CD4* Sézary’s syndrome
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Background and Objectives. The exact immunophe-
notypic criteria for the identification of Sézary cells in the
blood are still poorly defined.

Design and Methods. We analyzed the immuno-
phenotype and DNA cell content of blood T cells in a
series of 18 consecutive cases of Sézary’s syndrome (SS),
21 normal individuals and 10 patients with reactive ery-
throderma, and correlated them with molecular and mor-
phological findings.

Results. Phenotypically abnormal CD3*/TCRa[3*/CD4*
T cells were found in all SS patients but in none of the reac-
tive erythroderma cases; small diploid, or less frequently
hypodiploid Sézary’s cells coexisted with large nearly
tetraploid Sézary’s cells in some cases. The most frequent
phenotypic aberrations consisted in decreased expression
of CD3/TCRA3 (94%), CD4 (94%), CD7 (100%) and/or
CD2 (83%). In addition, Sézary’s cells were constantly
CD28* and CD5* and they did not express natural-killer
associated (NKa) antigens. Phenotypic heterogeneity was
a common finding and phenotypic changes over time were
frequently observed. In contrast to what was found in
patients with reactive erythroderma, flow cytometry analy-
sis of the T-cell receptor (TCR) repertoire revealed a major
TCR-V[3 expansion in all SS cases.

Interpretation and Conclusions. The presence of
CD28*/CD5*/NKa=/CD4* T cells expressing abnormally
low levels of CD3, TCRa 3, CD4, CD7 and/or CD2 would
support the diagnosis of SS in patients with erythroder-
ma. Further analyses on larger series of patients are nec-
essary in order to cover less frequent phenotypic patterns,
establish the preferential usage of specific TCR-V[3 fami-
lies and investigate the specificity of these phenotypic
abnormalities for diagnosing SS.
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T-cell lymphoma (CTCL) originally defined by the

co-existence of erythroderma, lymphadenopathy
and > 10% atypical mononuclear cells - Sézary's cells
- in the blood. Most SS patients are elderly males and
the syndrome may arise de novo or from pre-existing
lesions histopathologically classified as mycosis fun-
goides (MF). The clinical presentation is a non-specific
erythroderma which may be accompanied by pruritus,
fever, chills, weight loss and malaise; scaling, fissuring
of palms and soles, alopecia, ectropion, nail dystrophy
and peripheral lymphadenopathy may also occur.

Previous studies have shown that Sézary T cells
express the cutaneous lymphocyte-associated antigen,
a skin-selective homing receptor,'? have a particular
affinity to lesional keratinocytes®* and mainly transcribe
the interleukin-10 and interleukin-5 T-helper 2
cytokines.>8 These properties may explain, at least to a
certain extent, the cutaneous tropism and the immuno-
logical abnormalities found in SS, which include both
elevated serum IgE levels and eosinophilia.

Although erythroderma is the clinical hallmark of SS,
it may also occur in a large range of reactive and malig-
nant conditions, such as atopic dermatitis, chronic
actinic dermatitis, psoriasis and drug reactions.” In addi-
tion, erythroderma may result from skin infiltration by
other neoplastic hematologic cells.? Thus, detection of
both skin infiltration, consisting of a perivascular accu-
mulation of atypical CD4+ T cells with convoluted (cere-
briform) nuclei in the dermis with epidermotropism, and
the presence of Sézary cells in blood have been consid-
ered necessary factors for establishing a diagnosis. Nev-
ertheless, non-specific cutaneous histopathologic find-
ings are frequent in SS and multiple skin biopsies may
be needed because of marked variability of the infiltrate
density and epidermotropism, the latter usually less evi-
dent than in ME20 Difficulties in morphologically eval-
uating the presence of Sézary cells in blood might also
occur, since atypical lymphocytes can be found in
patients with reactive forms of erythroderma and as a
consequence, the Sézary cells may represent only a
minor fraction of all blood lymphocytes in SS. Accord-
ingly, the diagnosis of SS based on clinical-pathologic
grounds alone is not always straightforward, particu-
larly in the early stages of the disease, and it is now well
accepted that additional criteria are needed."

Several studies have shown that Sézary cells frequently
display aberrant phenotypes including abnormal expres-
sion of CD7,'>'6 CD3'5'7 and CD2.'5'819 Despite this, some

Sézary's syndrome (SS) is a rare form of cutaneous
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authors claim that the presence of clonal T cells in
the blood should be confirmed by molecular stud-
ies.?2 Nevertheless, molecular studies also have lim-
itations that compromise their use in routine diag-
nosis and do not provide helpful information to fur-
ther sub-classify the disease.?’-2

Based on the results of the present study, inv-
volving a comparative analysis of 18 cases of SS, 10
patients with reactive erythroderma and 21 normal
individuals, we propose that the presence of a TCR-
of-restricted CD5*, CD28+, NK-associated antigen
(NKa)~, CD4+ T-cell population with a CD3-/*low,
TCR+ow, CD4-/+low, CD2-/+dim CD7-+low phenotype in
the blood will make an enormous contribution to
the routine diagnosis of SS in patients presenting
with erythroderma.

Design and Methods

Patients and samples

A total of 18 consecutive patients with SS (13
males and 5 females, with a median age of 73 years,
range 53 to 87 years) were studied at diagnosis.
None of these patients had a past history of MF,
although six of them (patients #5, 6, 10, 13, 14, 15
and 17) had had extended periods (from 1 to 9
years) of erythroderma that had been mis-diag-
nosed as reactive dermatitis based on clinical
grounds. Clinical features observed at diagnosis
were those typically found in this condition and
included erythroderma in all cases, skin nodules in
1 patient (patient #5) and lymphadenopathy in 8
patients (patients #3, 5, 7, 11, 12, 15, 17 and 18).
Morphologic analysis of blood smears showed the
presence of atypical lymphocytes compatible with
Sézary cells in 15 cases. Skin biopsy, bone marrow
aspirate and biopsy and lymph node biopsy were
consistent with SS. Long-term follow-up studies
(mean follow-up of 21 months from diagnosis;
range: 18 to 35 months) were performed in 4 cas-
es.

In addition, 10 patients with reactive erythro-
derma including photodermatitis (n= 3), psoriasis
(n=2), toxicoderma (n= 1), atopic dermatitis (n= 1),
chronic eosinophilic leukemia (n= 1), and erythro-
derma of unknown origin (n= 2), were studied.
These ten patients (7 males and 3 females) had a
median age of 51 years (range: 23 to 81 years).

Normal reference values were based on the study
of blood samples from 21 normal healthy adults
(age range: 18 to 51 years).

Blood analyses included in this study were: (i)
flow cytometric lymphocyte immunophenotyping,
(ii) immunophenotypic assessment of the TCR 3
chain variable (TCR-VPB) region repertoire, (iii)
determination of DNA cell content, and (iv) mole-
cular analysis of TCR-3 and -y gene rearrange-
ments. All these studies were performed in blood
samples collected in tripotasium EDTA tubes.

Immunophenotypic studies

Flow cytometric immunophenotypic studies were
performed on whole blood, using a stain-lyse-and-
then-wash method (FACS lysing solution, Bec-
ton/Dickinson Biosciences - BDB - San José, CA,
USA) and 4-color stainings that combined fluores-
cein isothiocyanate- (FITC), phycoerythrin- (PE),
peridine chlorophyll protein- (PerCP) or PE-cyanine
5- (PC5) and allophycocyanine (APC) —conjugated
monoclonal antibodies (MADb). In a first step, NK
and T cells as well as the major TCRap+, TCRy&,
CD4+and CD8* T-lymphocyte subsets were quan-
tified using the following combinations of MAb
(FITC/PE/PerCP or PC5/APC): CD8/CD28/CD4/CD3,
TCRaf3/CD8/CD4/CD3, CD2/CD7/CD56/CD3 and
CD57/CD11¢/CD56/CD3. In a second step,
CD4+/TCRa+ and CD8*ish/TCRa+ T-cell subsets
were further characterized, by combining APC -
conjugated anti-CD8 and PerCP-conjugated anti-
CD4 with a large panel of FITC/PE-conjugated MAb
directed against different T- and NK-cell associat-
ed antigens as well as lymphoid activation mark-
ers and adhesion molecules: CD2/CD7, CD7/CD5,
CD11a/HLA-DR, CD122/CD25, CD45RA/CD45R0,
CD11¢/CD57, CD16/CD56. In addition, the expres-
sion of CD62L (FITC), CD94 (FITC), CD158a (FITC),
CD161 (PE) and NKB1 (PE) was investigated in a
total of 8, 6, 7, 11 and 11 SS patients, respectively.
Whenever necessary, different combinations of the
above listed MAb were used in order to character-
ize the neoplastic T cells better.

A similar strategy combining APC-conjugated
anti-CD8 and PerCP-conjugated anti-CD4 with
FITC/PE-conjugated anti-TCR-V[3 MAb was used for
the analysis of the TCR-V[ repertoire. For this pur-
pose, a total of 24 MAb directed against an iden-
tical number of members of 19 different TCR-V[3
families (TCR-VB1.1, -VB2.1, -VB3.1, -VB5.1, -
VB5.2, -VB5.3, -VB6.1, -VB6.7, -VB7.1, -VB8.1, -
VB8.2,-VpB9.1, -VB11.1, -VB12.2, -VB13.1, -VB13.6,
“VB14.1, -VB16.1, -VB17.1, -VB18.1, -VB20.1, -
V[321.3, -VB22.1 and -V323.1) (Immunotech, Mar-
seille, France) were used. This panel covers about
60+4% and 46+6% of the TCR-V[ repertoire of
the CD4+ and CD8+high T-cells present in normal
blood, respectively.? Criteria used to define a TCR-
V[3 expansion were previously defined in detail.2*
Briefly, for those TCR-V[P families that were
assessed with the panel of MAb used in this study
(direct identification), a TCR-V[3 expansion was
considered to be present whenever its representa-
tion exceeded by at least two standard deviations
(SD) the mean value observed in CD4+ or CD8+bright
circulating T cells in normal healthy individuals. For
the remaining TCR-V( families that were not
explored with the panel of MAb used, the criteria
used to define a TCR-V3 expansion (indirect iden-
tification) was based on the observation of a rela-
tive decrease in the fraction of either CD4+ or
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CD8+rigt circulating T cells that were recognized
with the panel of MADb to values < 85% of those
observed for the same T-cell subsets in blood sam-
ples from normal adult individuals. Whenever nec-
essary, additional appropriate multicolor stainings
were used in order to confirm whether a given TCR-
V[ expansion had occurred within either the lym-
phomatous or normal T-cell compartments.

Data acquisition was carried out in a FACSCal-
iburTM flow cytometer equipped with a 488 nm
argon laser and a 625 nm neon diode laser (BDB).
Paint-A-Gate PRO software (BDB) was used for
data analysis. First, CD4+ T cells were gated and
analyzed for the presence of phenotypically abnor-
mal and/or expanded T-cell populations. Once
identified, the abnormal T cells were analyzed for
each antigenic determinant tested. The following
parameters were recorded for each marker: (i) per-
centage of positive cells; (ii) intensity of expression
evaluated as the mean fluorescence intensity (MFI);
(iii) pattern of expression - homogeneous versus
heterogeneous - evaluated by the coefficient of
variation (CV). In addition, the light scatter prop-
erties and the intensity of expression of each anti-
gen on the phenotypically aberrant CD4+ T cells
was compared to that observed in the phenotypi-
cally normal CD4+ T cells by calculating the ratio
between the MFI values obtained for each antigen
in these cell populations (fold increase or fold
decrease). Abnormal CD4+T cells were considered
to be increased in size (large) when the ratio
between their forward light scatter (FSC) and the
FSC of the normal residual CD4+ T cells was high-
er than 1.5.

CD4+ and CD8+ cytotoxic T cells (CTL) were
defined by flow cytometry as CD28~ T cells cells
with high FSC and sideward light scatter (SSC)
properties and expressing one or more natural NKa
markers from those tested.

Flow cytometric DNA cell content studies

Flow cytometric DNA cell content studies were
performed in whole blood, using a double staining
technique for surface CD4 and nuclear DNA, pre-
viously described in detail.?> Briefly, cells were
stained with FITC-conjugated mouse anti-human
CD4, washed twice, and then stained with a sec-
ondary FITC-conjugated rat anti-mouse immuno-
globulins reagent (DAKO A/S, Glostrup, Denmark);
afterwards, cells were washed once and treated
with DNA-Prep reagents (Beckman/Coulter - B/C-,
Hialeah, FL, USA) according to the manufacturer's
instructions. Other stainings (CD2/DNA, CD3/DNA
and CD7/DNA) were also performed whenever nec-
essary to distinguish between normal and abnor-
mal CD4+ T cells.

Data acquisition was carried out in an EPICS-XL-
MCL flow cytometer (B/C) equipped with a 15-mW
air-cooled 488 nm argon laser, using the XL2 soft-

ware program (B/C). Analysis of the DNA content
and calculation of both the DNA ploidy and the
cell cycle distribution of the neoplastic T-cell pop-
ulation was performed with MultiCycle software
(Phoenix Flow Systems, San Diego, CA, USA). The
DNA index was calculated by dividing the modal
DNA cell content of the abnormal CD4+ T-cell pop-
ulation by that of the normal residual cells present
in the same sample.

Molecular analysis of T-cell receptor gene
rearrangements

Molecular analysis of TCR gene rearrangements
was performed using conventional Southern blot
techniques as previously described in detail.?®
Briefly, mononuclear cells were obtained by densi-
ty gradient centrifugation on Lymphoprep®, (Nyco-
med Pharma AS, Oslo, Norway), washed twice in
phosphate-buffered saline (PBS) and cryopreserved.
DNA was extracted using the chloroform method
and digested with EcoRl and Hindlll restriction
enzymes. DNA fragments were separated by a 0.8%
agarose gel electrophoresis and transferred to
nitrocellulose membranes by vacuum blotting, UV
fixed and hybridized with 32P-labeled probes for
the TCR-3 gene region (C[3, TCRBC and TCRBJ2;
DAKQ A/S). Clonality studies were also performed
by PCR analysis of TCR- gene (n= 6) and/or TCR-
BB gene (n=7) rearrangements, using the strategies
and primers previously described.?’

Statistical analysis

For all variables under study, median, mean, stan-
dard deviation and range values were calculated.
Comparisons between groups were made using the
Mann-Whitney U test (SPSS 11, SPSS, Chicago, IL,
USA). The degree of linear correlation between vari-
ables was evaluated by calculating Pearson's prod-
uct moment correlation coefficient (CoStat version
6.102, CoHort Software, CA, USA). K values were
also computed for further assessment of the over-
all concordance between the incidences of specific
TCR-V[ family members with their representation in
normal samples, using the SPSS software.

Results

Distribution of the major T-cell subsets in
the blood of patients with SS at diagnosis

Patients with SS showed highly variable white
blood cell (WBC) and lymphocyte counts (Table
1), although the absolute number of CD4+ T-cells
was increased (> 1100x10¢/L) in all but 2 cases
(mean of 5490+4991x10¢/L; range: 832x10¢/L to
15710x108/L, leading to an increased CD4/CD8
ratio in most patients (mean: 38.4+59.6) (see also
Table 1).

In all cases, phenotypically abnormal TCRaf3+/
CD4+ T-cells were identified in blood. The abnormal
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Table 1. Blood cell counts and major phenotypic data (number total CD4* T-cells, the CD4/CD8 ratio, the representation of the
phenotypically abnormal CD4+ T-cell population and the TCR-V[3 expansions found on CD4+ T-cells in the blood) in patients with

Sézary’s syndrome (n=18).

Patient WBC % Hb Platelets % CD4* T-cells
Number (x10%L) Lymphocytes  (g/dl)  (x10%L) from total
from WBC lymphocytes

1 5.1 49.0 15.6 158 575

2 155 408 136 299 828

3 253 58.2 140 203 9.1

4 259 64.2 129 251 94.5

5 98 155 115 329 54.7

6 11.7 61.6 99 116 85.8

7 12.2 12.9 10.6 187 742

8 128 187 154 336 60.7

9 87 39.1 128 202 80.6
10 118 39.6 123 163 813
11 16.0 59.1 15.0 17 66.7

12 208 58.3 82 164 920
13 79 55.6 135 194 912
14 82 172 11.2 277 66.1
15 237 536 131 205 91.0
16 6.7 289 129 89 83.7
17 174 187 14.7 298 63.7
18 105 321 130 250 55.1
MeanSD 140463  37.7£169 130£2.2  215+70 76.6:14.4

CD4/CD8 % abnormal CD4+ T-cells % expanded % large abnormal
ratio from total CD4+ T-cells TCR-V3 family from T-cells from total
(and from total WBC) total CD4 T-cells abnormal CD4* T-cells

2.7 38.6(10.9) VB13.6 - 48% 0.0

14.8 8.6 (30.3) VB13.6 - 86% 0.0
199.0 95.8 (53.6) VBni - 97% 0.0
162.0 98.1(59.5) VBni - 87% 0.0

41 612 (5.2) VBni - 22% 86.2

164 98.1(51.8) VBni - 97% 9.1

82 455 (4.4) VpBni - 59% 915

35 734(83) V[3ni - 65% 95.9

80 87.4(21.5) V[32.1 - 88% 9.3

46.3 97.8(31L5) VBni - 94% 53.6

33 86.9(34.2) V3ni - 75% 0.0

252 989 (53.0) VBni - 97% 9.8
1239 96.9 (49.4) VBni - 95% 0.0

36 517 (5.9) V[3ni - 50% 0.0

19.8 96.0 (46.8) VBni - 91% 0.0

422 87.1(21.1) VB13.6-73% 0.0

36 949(11.3) V3ni - 87% 99.9

37 14.0 (2.5) [95.0 (45.9)]* VBni - 18% (92%) 0.0

38.4+59.6 784254 72.6+26.8% 40.1+47.2

TCR, T-cell receptor; V[ni, the expanded TCR-V[3 family was not positively identified with the panel of MAb used in this study. *Values in brackets were found 25 months after

diagnosis.

CD4+T-cell population accounted for between 14
and 99% (mean: 79+26%: median: 89%) of all
CD4+ T cells.

In 10 cases (patients #1-4, 11, 13-16 and 18),
only small Sézary cells with similar light scatter
characteristics to those of normal residual CD4+ T
cells (mean FSC fold increase of 1.0+0.1, range: 0.9
to 1.3) were found. In contrast, in the remaining 8
cases (patients 5- 10, 12 and 17), small Sézary cells
co-existed with a large sized CD4+ Sézary T-cell
population (mean FSC fold increase of 1.8+0.2,
ranging from 1.6 to 2.1), these latter cells account-
ing for most (median value of 96.1%; range: 53.6
to 99.9%) Sézary cells in the blood (Table 1). Four
out of the 8 patients with large Sézary cells (50%)
had a long past history (> 1 year) of erythroderma,
as compared to 3 out of the 10 patients in whom
only small Sézary cells were found (30%%).

Phenotypically abnormal CD4+/TCRa+ T cells co-
existed with variable numbers of both normal resid-

haematologica/journal of hematology vol. 88(08):august 2003

ual CD4+/TCRo3+ (453+374x109/L) and CD8*/TCRaf3+
T-cells (387+421x108/L, most cases (n=15) showing
decreased numbers of both normal CD4+/TCRap+
(< 700%108/L) and CD8*/TCRa* (< 500%108/L) T lym-
phocytes.

Immunophenotypic features and DNA cell
contents of CD4*/TCRO[3* Sézary cells at
diagnosis

Figure 1 illustrates the typical immunophenotyp-
ic patterns observed in Sézary cells, concerning the
antigens analyzed here and Figure 2 shows the most
relevant phenotypic aberrations found on CD4+ neo-
plastic cells as compared to normal residual CD4+ T
cells. As may be seen in this latter figure, CD3,
TCRaf and CD4 expression were decreased in all
but one case (patient 12), the MFl obtained for these
antigens being decreased by 1.2 to 8.7 (median: 2.1),
2.2 to 10.1 (median: 3.8) and 1.1 to 4.3 fold (medi-
an: 1.8), respectively. In contrast to what was
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Figure 1. Bivariate dot plots illustrating the most relevant
immunophenotypic features of blood CD4+ Sézary T-cells.
Dot plots A to C show all WBC, including neutrophils (red
dots), monocytes (green dots), eosinophils (yellow dots),
CD4+ Sézary cells (blue dots), other T-cells (pink dots), NK
cells (cyan dots) and B cells (highlighted black dots). In
dot plots D to L, only the lymphocyte population is specifi-
cally displayed, CD4+ Sézary cells painted as blue dots and
normal residual T cells represented as pink dots. Other lym-
phoid cells are shown as gray events.

observed in normal blood samples — in which CD3
levels on CD4+/TCRaB+ T cells always exceeded
those on CD8+/TCRaB* T cells (fold increase ranging
from 1.1 to 1.3) — CD3 levels on CD4+/TCRaf+
Sézary T-cells were lower than those observed on
CD8+/TCRaB+ T-cells present in the same sample in
12 out of 18 cases (fold decrease ranging from 1.1
to 10.2).

In addition, Sézary cells also showed decreased
CD7 expression, with the antigen being either
absent (n=10) or dimly expressed (n=8; fold
decrease: 1.1 to 5.6; median: 2.0) (Figure 2); a
bimodal CD7 expression was noted in half of
patients (n=9/18) due to the co-existence of both
CD7- and CD7+ Sézary cells. Similarly, abnormally
low CD2 expression was found in 16 out of 18 cas-
es studied (Figure 2), the marker being either neg-
ative (n=1) or expressed with a decreased intensi-
ty (n=15; fold decrease of 1.2 to 14.1 with a medi-

an value of 2.4) as compared to on normal resid-
ual CD4+ T cells. Combined staining for CD2 and
CD7 was of a great help in distinguishing normal
activated CD7-/+ov CD4+ T-cells, which express
CD2hish (CD2+high/CD7-/+ow) from CD7-/+ow CD4+
Sézary T-cells, which expressed abnormally low
CD2 levels (Figure 1). Overall, 5 cases showed a
multimodal CD2 expression, due to the coexistence
of CD2-and one or two different subpopulations of
CD2+ in Sézary cells.

In contrast to expression of CD7 and CD2, Sézary
cells were constantly CD5+hish  although CD5
expression was rather variable, being either lower
(n=9; median decrease of 1.5 fold, ranging from
1.1 to 2.6) or higher (n=9; median increase of 2.2
fold, ranging from 1.3 to 4.7; n=9) than that of
normal residual CD4+ T cells. Like CD5, CD28 was
constantly expressed on Sézary T cells, with its
intensity of expression increased in half of the cas-
es (median increase of 1.7; range: 1.2 to 2.2), nor-
mal in 2 cases and decreased by 1.1 to 3.2 folds
(median of 1.3) in the remaining 7 patients. Like
recently activated T cells, in most cases (n=13)
CD4+ Sézary cells were CD45R0+/CD45RA-, the
other 5 patients showing co-expression of CD45R0
and CD45RA. In addition, CD4+ Sézary cells showed
variable expression of CD62L and CD25, with both
markers dimly expressed in half of the cases test-
ed, and they were CD122-. However, in contrast to
normal recently activated T cells, which usually dis-
play a CD11a+Me"/CD38+/HLA-DR* phenotype, CD4+
Sézary cells constantly showed a CD11a+ov/CD38-
[HLA-DR-+ow phenotype (mean percentage of HLA-
DR+ cells: 11+10%). Dim co-expression of CD8 on
5000 of CD4+ Sézary cells was observed in one case.

The CD11b, CD11¢, CD16, CD56, CD94, CD1583,
CD161 and NKB1 natural killer -associated mole-
cules and killer-receptors were negative in all
except two cases, one (case #6) displaying a very
dim and heterogeneous expression of CD56 and
the other (case #9) being CD158a+"". Comparative
immunophenotypic analysis of the small and large
Sézary cell populations was performed in only one
case (patient #10, in whom small and large Sézary
cells accounted for 46% and 54% of the total Sézary
cells, respectively). In this specific case, small and
large Sézary cells differed mainly in the levels of their
expression of CD2 and CD7 molecules.

In fact, small Sézary cells were CD7+ and CD2-/+ow,
whereas large Sézary cells were CD7-/+lw and
expressed higher levels of CD2. Moreover, the inten-
sity of expression of CD4, CD5, CD11a and CD25
and the percentage of HLA-DR* cells (0% versus
30%) was higher whereas that of CD3/TCRaf3 was
lower on large Sézary cells. In the other cases in
which both small and large Sézary cells were iden-
tified, the representation of the small-sized Sézary
cell population (5+5% of total Sézary cells) did not
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Figure 2. Aberrant expression of T-cell associated markers on CD4+ Sézary T-cells. Results are expressed as fold variation
(increase or decrease) on the mean fluorescence intensity of each individual antigen on CD4+ Sézary T cells as compared to
the normal residual CD4+* T cells from the same sample. Absence of antigen expression is shown as white bars.

allow an accurate comparison of the immuno-
phenotypic features of small and large Sézary cells.

TCR-VB repertoire studies of CD4+/TCRapB*
revealed a TCR-V[3 expansion in all cases, account-
ing for 18 to 97% of circulating CD4+. T cells (mean:
73+27%; median: 86%). The TCR-V[3 restricted CD4+
+ T-cell population corresponded to the phenotyp-
ically abnormal T-cell population, as reflected by the
high correlation between the magnitude of the TCR-
V[ expansion and the fraction of phenotypically
abnormal CD4+ T cells observed in each individual
case (r=0.896; p<0.0001) (Figure 3). The expanded
TCR-V[B family was not identified in the majority
(14/18) of cases; in the 4 cases in which the expand-
ed TCR-VP family was identified, it corresponded
either to TCR-VB13.6 (n=3) or to TCR-VB2.1 (n=1)
(Table 1). Taking into account that the panel of anti-
TCR-VB MAb used allowed us to identify 60+4%
(ranging from 53 to 66%) of the TCR-V[3 repertoire
of the normal blood CD4+ T cells,?* the frequency of

2o 100
O3
w5
e 751
S <
2a
82 50
S8
g,
SE 25
S8 .
22 9 ‘ ‘
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s % expanded TCR-V® family from total
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Figure 3. Correlation between the fraction of phenotypical-
ly abnormal CD4+ T cells and the TCR-VP restricted clonal
expansions among total CD4+ T cells in the blood of SS
patients.
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Figure 4. Light scatter and CD2/CD7 dot plots illustrating the phenotypic changes that occurred over time in two patients:
patient 18 (panel A) and patient 10 (panel B). Normal residual CD4* T cells are shown in black, small CD4+ Sézary cells are
shown in red and large Sézary cells are shown in green. Values inside dot plots indicate the percentage of each lymphocyte
population among the total WBC. Dot-plots shown in the upper row were obtained at diagnosis whereas those in the middle
and lower rows were obtained at different times during disease evolution.

cases in which we were able to identify the expand-
ed TCR-V family was significantly lower than that
expected if no restricted usage of specific TCR-V[3
families occurred in neoplastic cells from SS patients
(p=0.01).

Molecular studies confirmed the existence of
monoclonal rearrangements of the TCR (3-chain
gene in all patients with SS. No evidence of the
existence of multiple TCR-3 or TCR-y gene rear-
rangements were found in any of the 18 SS cases
analyzed.

Flow cytometric analysis of the DNA contents of
abnormal CD4+ T cells performed in 5 cases in
which only small Sézary cells were identified,
showed either diploid (n=3; DNA index of 1.01+
0.01, ranging from 1.01 to 1.02) or hypoploid DNA
content (h=2; DNA index of 0.89 and 0.94). In con-
trast, all 3 cases analyzed in which large Sézary
cells were found, showed one (n=2) or more (n=1)
DNA hyperdiploid CD4+ T-cell populations (DNA
index of 1.83+0.15; range: 1.60 to 1.99). In these
latter cases, hyperdiploid cells constantly corre-
sponded to large neoplastic CD4+ T cells and co-
existed with a small proportion of small Sézary cells
with a diploid DNA content (DNA index of 1.00+
0.03). In terms of the cell cycle distribution, the
percentage of S phase cells was 1.1+0.7% and
0.7+1.1% and the percentage of G2/M phase cells,
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0.4+0.3% and 1.1+2.3%, for small and large Sézary
cells, respectively.

Immunophenotypic changes of
CD4+*/TCRaf+ Sézary cells during follow-up
Long-term follow-up complete immunopheno-
typic studies (mean follow-up of 21 months; range:
18 to 35 months) were available in 4 patients with
SS. Phenotypic changes occurred over time in all
these cases and they mainly involved CD2 (n=3)
and CD7 (n=3) expression. Differences were found
between patients. In case #18 (Figure 4, panel A),
who had the lowest proportion of Sézary cells in
the blood at diagnosis, a progressive decrease in
CD2 expression on the Sézary cells associated with
up-regulation of CD25 was observed, with the
overall proportion of phenotypically abnormal TCR-
VB-restricted Sézary cells also increasing in paral-
lel in blood. In another case, patient #10 (Figure 4,
panel B), in whom both small and large Sézary cells
were identified at diagnosis, the number of large
Sézary cells decreased selectively after treatment
and increased thereafter as disease progressed
again. Simultaneously, in this patient there was a
progressive increase in CD2 expression on small
Sézary cells and a progressive decrease in CD7
expression on large Sézary cells. Phenotypic
changes observed in two additional cases consist-
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Table 2. PB CD8* T-cells in CD4* Sézary’s syndrome
patients: expression of CD28, NK-associated (NKa) anti-
gens (CD56 and/or CD57) and TCR-V[ expansions.

Patient no. * % CD28-cells % NKa* cells  Expanded TCR-V[3 families

1 ND ND V[316.1 (45.5%)

2 89.2 885 V[321.3 (84.1%)

3 25.6 382 V[321.3 (9.3%)
V[322.1 (4.6%)
V[312.2 (3.2%)
V[35.2 (2.0%)

4 451 ND ND

6 69.9 59.8 VPBni (44.8%)
V[32.1 (28.2%)
VB1.1(2.3%)

7 86.5 782 V[313.1 (6.5%)
V[35.2 (7.4%)

8 532 50.4 V[33.1 (12.1%)
V[321.3 (5.3%)

10 63.6 62.2 V[321.3 (9.8%)
V[36.7 (6.6%)

1 ND ND V[316.1 (11.6%)

12 90.9 81.6 VPBni (81.5%)

13 ND ND NI

14 432 35.7 V[320.1 (16.2%)

15 739 30.3 VPBni (64.0%)

16 112 0.2 NI

17 487 431 V[35.1 (10.1%)

18 9.0 79 VB14.1 (5.2%)

Results expressed as percentage from total CD8+ peripheral blood T-cells.
NI: No TCR-V[3 expansion identified [ni: the expanded TCR-V3 family was not
positively identified with the panel of anti-TCR-V3 MAb used in this study.
*Cases 5 and 9 were not analyzed.

ed in a progressive increase in the fraction of large
CD4+ Sézary cells together with a decrease in CD7
expression in one case and a decrease in CD2
expression on Sézary cells in the other case.

Immunophenotypic features of normal
residual T cells in the blood of patients
with SS at diagnosis

Comparing the immunophenotypic features of
normal residual CD8*/TCRaf* T cells in the blood of
patients with SS and those of normal individuals, an
increased fraction of CD2+hiah/CD7-+ow (88 + 20%
vs. 49+11%, p< 0.001), CD11a*hie" (72+32% vs.
46+12%, p=0.007) and HLA-DR* (51+19% vs.
15+6%, p<0.001) was found. In addition, SS
patients also showed an increased fraction of CD8*
T-cells displaying a CD28~ (mean: 55+28% vs. 27
+9%; p=0.003) and NKa* - typically CD57+/CD56-/+

- (48+28% vs. 30+8%; p=0.02) CTL-associated phe-
notype (Table 2).

Normal residual blood CD4+/TCRa3+T cells from
SS patients also showed higher expression of acti-
vation-related markers than did CD4+/TCRaf3+ T
cells from normal individuals, as evaluated by the
fraction of CD2+hish/CD7-+low (63+22% vs. 48+10%;
p=0.02), HLA-DR* (31+18% vs. 8+2%; p<0.001)
cells; the SS patients also showed a higher propor-
tion of CD45R0+ (83+14% vs. 70+9%; p=0.02) and
a lower percentage of CD45RA+CD45R0~ (30+9%
vs. 17+14%; p=0.01) CD4+/TCRap+ T cells.

In addition, among normal residual CD4+ T-cells
from patients with SS, an increased fraction of cells
with a CTL-associated immunophenotype was
observed, as reflected by the mean percentage of
CD28- (30+20% vs. 2+2%; p<0.001) and NKa+ -
typically CD57+/CD56+- - cells (26+22% vs. 4+3%;
p<0.001).

Interestingly, flow cytometric analysis of the
TCR-V repertoire of blood CD8*/TCRaf+ T cells
from SS patients revealed the existence of one or
more TCR-V[3 expansions in 14 out of 16 cases ana-
lyzed, up to a total of 25 TCR-V[3 expansions (a sin-
gle TCR-V[ family in 7 cases and two or more TCR-
V[3 families in another 7 cases). The proportion of
the expanded TCR-V[B family accounted for
between 2 and 84% (median of 9%) of total CD8+/
TCRap+ T cells (Table 2) and those patients having
the highest TCR-V[3 expansions (> 40% of all CD8*
T cells) were those displaying a greater proportion
of CD8+/TCRap+/CD28-/CD57+/CD56*~ T cells
(patients #2, 6, 12 and 15). Appropriate addition-
al multiple stainings confirmed that the TCR-V[3
expansions observed within the CD8*/TCRof3+ com-
partment corresponded to these cells.

Due to their low frequency, the distribution of
the TCR-V[ families within the normal residual
blood CD4+/TCRap+ T cells could not be reliably
analyzed.

Distribution of the major T-cell subsets
and immunophenotypic features of
CD4+/TCRaf* T cells in the blood of
patients with reactive erythroderma

In contrast to what was observed in SS patients,
the absolute number of CD4+ T cells was increased
(> 1100x108/L) in only 4 out of 10 patients with
reactive erythroderma (mean of 1010+654 x108/L;
range: 282x108/L to 2421x108/L), leading to an
increased CD4/CD8 ratio (CD4/CD8 > 3.9) in only 2
patients (mean of 2.83+1.66; range: 0.68 to 6.36)
(Table 3).

The major phenotypic differences between CD4+ T
cells from these patients and those from normal
individuals consisted of increased FSC (p<0.01) and
SSC (p<0.001), increased CD2 expression (p<0.001)
and decreased CD7 (p< 0.001) expression (Figure 5).
In addition, these cases showed higher percentages

haematologica/journal of hematology vol. 88(08):august 2003 881



M. Lima et al.

Table 3. Blood cell counts and major phenotypic data (number of total CD4+ T-cells, the CD4/CD8 ratio and the TCR-V[3 expansions
found among CD4+ T-cells in the blood) in patients with reactive erythroderma (n=10).

Patient Diagnosis WBC Lymphocytes Hemoglobin
Number (x1091) (% WBC) (¢/dL)
1 Atopic dermatitis 111 6.6 104
2 Unknown 16.8 141 141
3 Photodermatitis 10.4 16.9 111
4 Photodermatitis 118 15.3 14.0
5 Photodermatitis 1.2 211 140
6 Unknown 12.0 198 129
7 Chronic eosinophilic leukemia 46 58.2 111
8 Psoriasis 9.0 26.6 114
9 Psoriasis 103 179 131
10 Toxicoderma 41 245 116
Mean £ 1 SD 9.7+38 22.7£139 12.1£14

Platelets CD4+ T-cells CD4/CD8
(x10%L) (% Lymphocytes) ratios

Expanded TCR-V 3 family
(% CD4+ T-cells)

293 55.8 3.72 V[38.1+8.2 (9.9%); V314.1 (5.6%);
404 250 0.68 VBni (21.9%); VB13.6 (3.6%);
355 638 2.20 N
174 62.1 6.36 VP35.3 (3.7%)
199 63.2 310 N
253 62.9 451 V2.1 (14.2%); V312.2 (5.6%)
588 52.0 150 N
245 385 191 N
401 359 1.84 V[38.1+8.2 (8.1%)
120 474 243 N
303138 50.7£13.6 2.83+1.66 9.8+85

TCR, T-cell receptor; N, Normal TCR-V3 T-cell repertoire (no evidence for the existence of TCR-V[3 expansions); V[3ni, the expanded TCR-V3 family was not positively identified with the panel

of MAb used in this study, SD, standard deviation.

of HLA-DR* (42+22% vs. 8+2%, p<0.001), CD25+
(72+16% vs. 55+9%, p<0.05), CD45R0* (82+14%
vs. 77+12%, p<0.01) and CD45R0+/CD45RA- (70+
11% vs. 53+12%, p<0.01) and a lower proportion of
CD45RA* (31+10% vs. 47+12%, p<0.01) and
CD45RA* /CD45R0- (12+7% vs. 27+10%, p<0.01) T
cells. There was also a slight, but statistically sig-
nificant, increase in the proportion of CD28-/CD4+
T cells (7+8% vs. 2+2%; p<0.05), together with a
slight increase in the proportion of CD57+/CD4+ T-
cells (74+6% vs. 3+2%; p<0.01), as compared to in
normal individuals. CD94, CD158a and NKB1
expression on CD4+ T cells was not observed, as
found in SS patients and in healthy individuals.

In contrast to what was observed in SS patients,
overall levels of CD3/TCR and CD4 on CD4+ T cells
did not differ significantly from those observed on
normal blood CD4+T cells, exceeding by a factor of
1.4+0.6 those observed on CD8+/TCRap* T cells pre-
sent in the same sample. In addition, abnormal
CD3-[+low[CD4[+low[CD2~[+lew[CD7~[+ew T cells were
never found; instead, blood CD4+ T cells from these
patients usually had a CD3+/CD4+/CD2+hish/CD7-/+low
activation-related immunophenotype.

Analysis of the TCR-V[ repertoire of CD4+ T cells
showed one (2 cases) or more (3 cases), usually
small, TCR-V[3 expansions in only 5 patients, which
accounted for 4% to 29% of the total CD4+ T cells
(mean: 10+9%). Germ-line TCR genes were found
in all 10 patients with reactive erythroderma.

Discussion

General agreement exists on the urgent need to

define more sensitive and specific criteria to iden-
tify Sézary cells. In line with this, the Internation-
al Society for Cutaneous Lymphomas has recently
proposed a new algorithm for diagnosis of blood
involvement in SS:28 (i) an absolute count of 1000
Sézary cells/mm3or more; (i) a CD4/CD8 ratio = 10
or higher and/or an aberrant loss of expression of
pan-T cell markers by flow cytometry; (iii) increased
lymphocyte counts with evidence of a T-cell clone
in the blood by Southern blot or PCR techniques;
and (iv) a chromosomally abnormal T-cell clone.
Although this algorithm is in fact an improvement
over previous proposals,’3? it does not clearly
define the immunologic criteria to identify Sézary
cells. Thus, our first priority was to analyze the type
and incidence of the phenotypic abnormalities of
Sézary cells and to define a sensitive and specific
strategy to identify and quantify Sézary cells by
flow cytometry in order to improve immunophe-
notypic diagnosis of the disease and to allow mon-
itoring of the response to therapy.

Our results show that defective CD3/TCR, CD4,
CD2 and CD7 expression are the most common
phenotypic abnormalities observed on CD4+ Sézary
T-cells that circulate in blood. Similar phenotypic
abnormalities were also found on CD4+ T cells
extracted from skin (n=3), lymph nodes (n=1) and
parotid mass biopsies (n=1) (data not shown).
Although the series of patients studied here did
not include certain rare phenotypes that have been
observed in SS, our results also clearly show that
CD3/TCRa+ow, CD4+ow, CD2-/+low, CD7-/+low is by far
the most common phenotype of SS cells and that
it clearly differs from that observed on CD4+ T cells
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Figure 5. Box-whisker plots showing the central location
and scatter dispersion of FSC and SSC values, and CD3,
CD4, CD2, CD7, CD5 and CD28 mean fluorescence inten-
sities found in blood CD4+* T cells from normal healthy indi-
viduals (pink boxes), patients with reactive erythroderma
-RE- (gray boxes) and patients with SS (blue boxes) The
blue line series shows parametric statistics, including the
mean and the 95% confidence interval around the mean
(blue diamond) and the parametric percentile range (blue
lines). The notched box and whiskers show non-parametric
statistics, including the median, the lower and upper quar-
tiles and the 95% confidence interval around the median
(notched box); the dotted lines connect the nearest obser-
vations within 1.5 inter-quartile ranges of the lower and
upper quartiles. Differences between medians were tested
using the Mann-Whitney U test (p-values are indicated
inside boxes at the upper part of each graphic; ns: statisti-
cally not significant (p>0.05).

from patients with reactive erythroderma.

Despite being found in a high percentage of SS
patients, none of these abnormalities is specific or
sensitive enough to be used as the sole diagnostic
criterion to establish a differential diagnosis
between SS and reactive erythroderma. As an
example, in accordance with the results presented

here and in line with previous studies, decreased
CD7 expression, although a common phenotypic
characteristic of Sézary cells,"'3 also defines a sub-
set of normal CD4+/CD45R0+ memory cells which
can be increased in patients with benign or malig-
nant skin diseases.’2303" Moreover, decreased
CD3/TCR expression, although not observed in
patients with reactive dermatitis studied in this
series, has been described in conditions associated
with T-cell stimulation.3233 The same applies to oth-
er phenotypic features that had been previously
found in SS, which have also been described in
blood T-lymphocytes from patients with inflamma-
tory skin diseases, including expression of cuta-
neous lymphocyte-associated antigen.3> Therefore,
combined assessment of several aberrant pheno-
typic markers is needed. Simultaneous staining for
CD7 and CD2 proved to be particularly interesting
since decreased CD2 expression on CD4+/CD7-/+low
Sézary cells allows their discrimination from normal
reactive CD4+/CD7-+o» memory cells, which strong-
ly express the CD2 molecule. In addition, decreased
expression of CD3/TCRB and CD4, although very
frequent in SS, might be of limited value in cases
showing low numbers of residual CD4+ T cells once
each marker is separately tested. Simultaneous
staining for CD3, TCRP CD4 and CD8 usually makes
it easier to distinguish between normal CD4+"igh/
CD3+hish/TCRB*Ma" T cells and CD4+lov/CD3+ow/
TCRaf+w lymphoma cells. Furthermore, useful
information obtained with this 4-color combina-
tion is provided by the fact that CD3/TCR expression
on CD4+ Sézary cells is frequently decreased
towards levels below those of the CD8*/TCRaf3* T
cells present in the same sample.

In line with previous studies,'>3¢ CD4+ Sézary cells
from the vast majority of patients, like normal CD4+
memory cells, express CD45R0+/CD45RA-,
although co-expression of CD45RA was also found
in a few cases. CD25 expression, although not rel-
evant for distinguishing Sézary lymphoma cells
from normal residual CD4+T cells, would probably
be of interest in selecting patients for anti-CD25
therapy,®” since reactivity for the IL2 receptor a-
chain on Sézary cells was found in only around half
of the cases. In turn, reactivity on Sézary cells for
the CD28 T-cell co-stimulatory molecule in the
absence of expression of NKa molecules and killer-
receptors distinguishes Sézary T cells from normal
residual CTL present at relatively high levels in the
same sample in some patients. Such an increased
expression of NKa markers and activation-related
antigens on normal residual CD8+, and to a lesser
extent, CD4+ T-cells, has already been reported in
the blood?® and in the skin3 of patients with CTCL
and may reflect a systemic anti-tumor response.
In addition, these phenotypic features might be
useful in the differential diagnosis between SS and
other types of T-cell lymphoma and leukemia. In
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fact, although the immunophenotype that typical-
ly characterizes T-cell lymphocytic/prolymphocyt-
ic leukemia — which can also present with ery-
throderma — and CD438 LGL have been previously
described in detail and clearly differ from that
described for SS,%4 defective CD3 and CD7 expres-
sion may also be found in peripheral T-cell lym-
phomas other than SS.834 The same applies to oth-
er phenotypic features that have been previously
found in SS, such as absence of CD26 expression,
a marker that is also frequently negative in other
peripheral T-cell lymphomas.'®34 Thus, additional
studies should be carried out in order to determine
whether the unique immunophenotypic features
described here are specific to Sézary cells and allow
differential diagnosis between SS and other T-cell
neoplasias.

Despite the similarities between patients with
SS, it should be noted that important intra-tumor
phenotypic heterogeneity was frequently observed,
this mainly involving the presence of large and
small neoplastic cells and subsets of Sézary cells
expressing different levels of CD7 and/or CD2.

Combined immunophenotypic and DNA studies
proved to be of a particular interest in that they
showed that the presence of large CD4+ Sézary
cells is predictive for a hyperdiploid — typically
nearly tetraploid — DNA content, whereas small
Sézary cells usually have a diploid, or less fre-
quently hypoploid, DNA content. Although previous
reports have already shown that large CD4+ Sézary
cells may display an aneuploid DNA content, to the
best of our knowledge this is the first report in
which the overall frequency at which these cells
appear in the blood of newly diagnosed patients
with SS, as well as their distribution within the
small and large neoplastic CD4+ T cells subsets, are
reported.

Despite co-existence of DNA diploid and hyper-
ploid CD4+ T-cell populations in a relatively high
proportion of cases, associated or not with pheno-
typic heterogeneity, molecular studies were con-
sistent with a (mono)clonal T-cell proliferation. The
fact that the proportion of cases with large Sézary
cells was higher in patients with a long (> 1 year)
past history of symptoms, together with the phe-
notypic changes observed in some cases during fol-
low-up, would support the notion that intra-tumor
heterogeneity is a consequence of ongoing somat-
ic mutations and acquisition of new chromosomal
abnormalities developing over time. The occurrence
of large cell transformation in patients with CTCL
is well documented.*>#5 In one such case large
Sézary cells proved to be clonally identical to the
original CTCL*2 and in another case large Sézary
cells were shown to be hyperdiploid.* Intra-tumor
diversity may influence response to therapy, as
indeed occurred in one of the cases included in this

series (patient #10), whose large Sézary cells pref-
erentially responded to treatment with 2-deoxy-
coformycin.*

Another goal of the present study was to explore
the utility of immunophenotypic analysis of the
TCR-V repertoire, either in confirming the (mono)
clonality of a phenotypically abnormal T-cell pop-
ulation or in facilitating direct identification of
residual tumor cells, even when they are present in
blood at very low frequencies. Our results confirm
that TCR-V[3 repertoire studies are of great utility
for detecting (mono) clonality of aberrant CD4+ T
cellsin SS, once previously established criteria have
been applied.?>4 Nevertheless, the fact that the
expanded TCR-V[3 family was not directly identified
in most cases limits the use of a combined strate-
gy — simultaneous assessment of aberrant mark-
ers with a specific TCR-V[3 family — for identify-
ing residual tumor cells until the panel of anti-
TCR-VP antibodies available is completed. The fact
that the clonally expanded TCR-V[3 family was not
identified in 78% of cases using a panel of 24 anti-
TCR-VP MAD that identify around 60% of all nor-
mal blood CD4+ T-cells would suggest that Sézary
cells preferentially bear one or more of the few
TCR-VPB families that were not represented in the
panel of MAb used in this study. This notion is also
supported by the results obtained here in patients
with reactive dermatitis and those previously
described with acute infectious mononucleosis*®
with the same panel of MAb, in which the expand-
ed TCR-VB families found corresponded to those
represented most in normal individuals. The hypo-
thesis of a preferential TCR-V[3 usage by Sézary
cells is further supported by the fact that in 3 out
of the 4 cases in which the expanded TCR-V[3 fam-
ily was identified (corresponding to 17% of all cas-
es studied), the same TCR-V[ family (TCR-VP 13.6)
was found, this particular TCR-V[3 family being typ-
ically expressed in < 2% of normal blood CD4+ T
cells.?* Studies published to date aimed at the char-
acterization of the TCR-V[3 repertoire in CTCL are
scarce, most of them including CTCL other than SS
and are mainly based on molecular studies using
primers specific for the TCR-V[3 families, and per-
formed in skin biopsies.*-52 From those studies in
which anti-TCR-V[3 MAb were used to identify
clonal cutaneous T-cell infiltrates by immunohis-
tochemical methods, it could be concluded that
the TCR V[3-restricted T-cell clones corresponded to
the phenotypically abnormal T-cell populations®
and a wide range of TCR-V[3 families were found to
be expanded® in line with the results from molec-
ular studies.*® Despite this, Gorochov et al. showed
restricted TCR-V[3 repertoire usage of five TCR-V[3
families (VB5, VB6, VP8, VB13, and VB18) in the
blood of 16 SS patients using both anti-TCR-V[3
MAb and PCR-techniques.®® Such discrepancies
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probably relate to the criteria used to enter
patients (SS versus other CTCL) and samples (skin
versus blood) into the different studies, to the use
of different techniques (molecular versus immuno-
logic) to analyze the TCR-V[3 repertoire and to dif-
ferent technical approaches for the same technique
(analysis of the TCR-V[ repertoire on total CD3+ T
cells versus differential analysis on CD4+ and CD8*
T-cell subsets). Another important factor that
should be taken into account when comparing the
results of these studies concerns the occurrence of
TCR-VP expansions among normal blood CD8* and
CD4+ T cells, as they may be erroneously taken as
corresponding to neoplastic cells, particularly in
cases in which the fraction of CTL predominates
over that of circulating Sézary cells or when high-
ly sensitive methods, such as PCR-based tech-
niques, are used. In line with this, it should also be
noted that a restricted TCR-V[3 repertoire has been
shown to occur in the blood of reactive skin con-
ditions that may mimic CTCL, including atopic der-
matitis,5* and a TCR-V[3 restricted CTL response has
also been described in the skin of patients with
CTCL3® Thus, as shown in the present report,
assessment of the TCR-V[3 repertoire specifically
on the phenotypically aberrant CD4+ T cells may
be of a great help in identifying TCR-V[3-restricted
lymphoma cells and in distinguishing them from
other polyclonal, oligoclonal or monoclonal T-cell
populations present in the same sample.

In summary, our results indicate that the pres-
ence of a TCR-V restricted CD28+/CD5*/NKa~- CD4+
T-cell population expressing abnormally low levels
of CD3, TCRB, CD4, CD7 and/or CD2 molecules
would support the diagnosis of SS in patients with
erythroderma. Further studies in larger series of
patients are required in order to cover all the
abnormal immunophenotypic patterns that may be
associated with SS and to establish the value of
these criteria for the differential diagnosis between
SS and other T-cell lymphomas/leukemias. In addi-
tion, assessment of the TCR-V[3 families not ana-
lyzed in this study is necessary to fully identify
those specific TCR-V[3 families preferentially used
by Sézary cells.

References

1. Borowitz MJ, Weidner A, Olsen EA, Picker LJ. Abnormalities
of circulating T-cell subpopulations in patients with cuta-
neous T-cell lymphoma: cutaneous lymphocyte-associated
antigen expression on T cells correlates with extent of dis-
ease. Leukemia 1993;7:859-63.

2. Fuhlbrigge RC, Kieffer JD, Armerding D, Kupper TS. Cuta-
neous lymphocyte antigen is a specialized form of PSGL-1
expressed on skin-homing T cells. Nature 1997;389:978-81.

3. Celerier P, Bureau B, Litoux P, Dreno B. Keratinocyte-lym-
phocyte interaction in cutaneous T-cell lymphoma. Modu-
lation of keratinocyte antigen My7 by a soluble factor pro-
duced by T lymphocytes. Arch Dermatol 1997;133:837-40.

4. Arnold R, Seifert M, Asadullah K, Volk HD. Crosstalk between

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

keratinocytes and T lymphocytes via Fas/Fas ligand interac-
tion: modulation by cytokines. J Immunol 1999;162:7140-
7.

Dummer R, Heald PW, Nestle FO, Ludwig E, Laine E, Hemmi
S, et al. Sézary syndrome T-cell clones display T-helper 2
cytokines and express the accessory factor-1 (interferon-y
receptor 3-chain). Blood 1996;88:1383-9.

Suchin KR, Cassin M, Gottleib SL, Sood S, Cucchiara AJ, Von-
derheid EC, et al. Increased interleukin 5 production in
eosinophilic Sézary syndrome: regulation by interferon a
and interleukin 12. J Am Acad Dermatol 2001;44:28-32.
Rothe MJ, Bialy TL, Grant-Kels JM. Erythroderma Dermatol
Clin 2000;18:405-15.

Mallett RB, Matutes E, Catovsky D, Maclennan K, Mortimer
PS, Holden CA. Cutaneous infiltration in T-cell prolympho-
cytic leukaemia. Br J Dermatol 1995;132:263-6.

Trotter MJ, Whittaker SJ, Orchard GE, Smith NP. Cutaneous
histopathology of Sézary syndrome: a study of 41 cases with
a proven circulating T-cell clone. J Cutan Pathol 1997;24:
286-91.

Kohler S, Kim YH, Smoller BR. Histologic criteria for the diag-
nosis of erythrodermic mycosis fungoides and Sézary syn-
drome: a critical reappraisal. J Cutan Pathol 1997;24:292-
7.

Vonderheid EC, Bigler RD, Kotecha A, Boselli CM, Lessin SR,
Bernengo MG, et al. Variable CD7 expression on T cells in the
leukemic phase of cutaneous T cell lymphoma (Sézary syn-
drome). J Invest Dermatol 2001;117:654-62.

Harmon CB, Witzig TE, Katzmann JA, Pittelkow MR. Detec-
tion of circulating T cells with CD4+*CD7- immunophenotype
in patients with benign and malignant lymphoproliferative
dermatoses. J Am Acad Dermatol 1996; 35:404-10.

Bogen SA, Pelley D, Charif M, McCusker M, Koh H, Foss F, et
al. Immunophenotypic identification of Sézary cells in
peripheral blood. Am J Clin Pathol 1996;106:739-48.
Dummer R, Nestle FO, Niederer E, Ludwig E, Laine E, Grund-
mann H, et al. Genotypic, phenotypic and functional analy-
sis of CD4+*CD7+ and CD4+CD7- T lymphocyte subsets in
Sézary syndrome. Arch Dermatol Res 1999;291:307-11.
Scala E, Russo G, Cadoni S, Narducci MG, Girardelli CR, de
Pita O, et al. Skewed expression of activation, differentiation
and homing-related antigens in circulating cells from
patients with cutaneous T cell lymphoma associated with
CD7- T helper lymphocytes expansion. J Invest Dermatol
1999;113:622-7.

Rappl G, Muche JM, Abken H, Sterry W, Tilgen W, Ugurel S,
et al. CD4(*)CD7(7) T cells compose the dominant T-cell clone
in the peripheral blood of patients with Sézary syndrome. J
Am Acad Dermatol 2001;44:456-61.

Edelman J, Meyerson HJ. Diminished CD3 expression is use-
ful for detecting and enumerating Sézary cells. Am J Clin
Pathol 2000;114:467-77.

Jones D, Dang NH, Duvic M, Washington LT, Huh YO. Absence
of CD26 expression is a useful marker for diagnosis of T-cell
lymphoma in peripheral blood. Am J Clin Pathol 2001; 115:
885-92.

Bernengo MG, Novelli M, Quaglino P, Lisa F, De Matteis A,
Savoia P, et al. The relevance of the CD4+ CD26~ subset in
the identification of circulating Sézary cells. Br J Dermatol
2001;144:125-35.

Russell-Jones R, Whittaker S. T-cell receptor gene analysis
in the diagnosis of Sézary syndrome. J Am Acad Dermatol
1999;41:254-9.

Muche JM, Lukowsky A, Heim J, Friedrich M, Audring H, Ster-
ry W. Demonstration of frequent occurrence of clonal T cells
in the peripheral blood but not in the skin of patients with
small plaque parapsoriasis. Blood 1999;94:1409-17.
Fraser-Andrews EA, Woolford AJ, Russell-Jones R, Seed PT,
Whittaker SJ. Detection of a peripheral blood T cell clone is
an independent prognostic marker in mycosis fungoides. J.
Invest Dermatol 2000;114:117-21.

Delfau-Larue MH, Laroche L, Wechsler J, Lepage E, Lahet C,
Asso-Bonnet M, et al. Diagnostic value of dominant T-cell
clones in peripheral blood in 363 patients presenting con-
secutively with a clinical suspicion of cutaneous lymphoma.

haematologica/journal of hematology vol. 88(08):august 2003 885



24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

886

M. Lima et al.

Blood 2000;96:2987-92.

Lima M, Almeida J, Santos AH, dos Anjos Teixeira M, Alguero
MC, Queiros ML, et al. Inmunophenotypic analysis of the
TCR-VP repertoire in 98 persistent expansions of CD3+*/
TCRoB+ large granular lymphocytes. Utility in assessing clon-
ality and insights into the pathogenesis of the disease. Am
J Pathol 2001;159:1861-8.

Lima M, Teixeira MA, Fonseca S, Goncalves C, Guerra M,
Queiros ML, et al. Immunophenotypic aberrations, DNA con-
tent, and cell cycle analysis of plasma cells in patients with
myeloma and monoclonal gammopathies. Blood Cells Mol
Dis 2000;26:634-45.

Garcia-Sanz R, Vargas Montero M, Gonzalez Diaz M, del
Carmen M, Santos C, Balanzatagui Echevarria A, et al. Detec-
tion of single and associated lesions of the Bcl-1, Bel-2, Bel-
6, c-myc, p53 and p16 genes in B-cell non-Hodgkin's lym-
phomas: value of molecular analysis for a better assignment
of the histologic subtype. Haematologica 1998;83:209-16.
Pongers-Willemse MJ, Seriu T, Stolz F, d"Aniello E, Gameiro
P, Pisa P, et al. Primers and protocols for standardized detec-
tion of minimal residual disease in acute lymphoblastic
leukemia using immunoglobulin and T cell receptor gene
rearrangements and TAL1 deletions as PCR targets: report of
the BIOMED-1 CONCERTED ACTION: investigation of mini-
mal residual disease in acute leukemia. Leukemia 1999;
13:110-8.

Vonderheid EC, Bernengo MG, Burg G, Duvic M, Heald P,
Laroche L, et al. Update on erythrodermic cutaneous T-cell
lymphoma: report of the International Society for Cutaneous
Lymphomas. J Am Acad Dermatol 2002;46:95-106.
Willemze R, van Vloten WA, Hermans J, Damsteeg MJ, Mei-
jer CJ. Diagnostic criteria in Sézary's syndrome: a multipa-
rameter study of peripheral blood lymphocytes in 32 patients
with erythroderma. J Invest Dermatol 1983;81:392-7.
Reinhold U, Abken H. CD4+ CD7-T cells: a separate subpop-
ulation of memory T cells? J Clin Immunol 1997;17:265-71.
Liu L, Abken H, Pfohler C, Rappl G, Tilgen W, Reinhold U.
Accumulation of CD4*CD7- T cells in inflammatory skin
lesions: evidence for preferential adhesion to vascular
endothelial cells. Clin Exp Immunol 2000;121:94-9.
Geertsma MF, van Wengen-Stevenhagen A, van Dam EM,
Risberg K, Kroon FP, Groeneveld PH, et al. Decreased expres-
sion of { molecules by T lymphocytes is correlated with dis-
ease progression in human immunodeficiency virus-infect-
ed persons. J Infect Dis 1999;180:649-58.

Dworacki G, Meidenbauer N, Kuss I, Hoffmann TK, Gooding
W, Lotze M, et al. Decreased zeta chain expression and apop-
tosis in CD3* peripheral blood T lymphocytes of patients with
melanoma. Clin Cancer Res 2001;7:947s-57s.

Jamal S, Picker U, Aquino DB, McKenna RW, Dawson DB,
Kroft SH. Immunophenotypic analysis of peripheral T-cell
neoplasms. A multiparameter flow cytometric approach. Am
J Clin Pathol 2001;116:512-26.

Santamaria Babi LF, Picker LJ, Perez Soler MT, Drzimalla K,
Florh P, Blaser K, et al. Circulating allergen-reactive T cells
from patients with atopic dermatitis and allergic contact
dermatitis express the skin-selective homing receptor, the
cutaneous lymphocyte-associated antigen. J Exp Med 1995;
181:1935-40.

Karenko L, Nevala H, Raatikainen M, Franssila K, Ranki A.
Chromosomally clonal T cells in the skin, blood, or lymph
nodes of two Sézary syndrome patients express CD45RA,
CD45R0, CDw150, and interleukin-4, but no interleukin-2 or
interferon-y. J Invest Dermatol 2001;116:188-93.

Foss FM. Interleukin-2 fusion toxin: targeted therapy for
cutaneous T cell lymphoma. Ann NY Acad Sci 2001; 941:
166-76.

Asadullah K, Friedrich M, Docke WD, Jahn S, Volk HD, Ster-
ry W. Enhanced expression of T-cell activation and natural

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

killer cell antigens indicates systemic anti-tumor response in
early primary cutaneous T-cell lymphoma. J Invest Derma-
tol 1997;108:743-7.

Bagot M, Echchakir H, Mami-Chouaib F, Delfau-Larue MH,
Charue D, Bernheim A, et al. Isolation of tumor-specific cyto-
toxic CD4+ and CD4+CD8m+ T-cell clones infiltrating a cuta-
neous T-cell lymphoma. Blood 1998;91:4331-41.

Matutes E, Brito-Babapulle V, Swansbury J, Ellis J, Morilla R,
Dearden C, et al. Clinical and laboratory features of 78 cas-
es of T-prolymphocytic leukemia. Blood 1991;78:3269-74.
Lima M, Almeida J, Teixeira MA, Alguero MC, Santos AH,
Balanzategui A, et al. TCRap+/CD4+ large granular lympho-
cytosis: a new clonal T-cell lymphoproliferative disorder. Am
J Pathol (in press).

Wolfe JT, Chooback L, Finn DT, Jaworsky C, Rook AH, Lessin
SR. Large-cell transformation following detection of mini-
mal residual disease in cutaneous T-cell lymphoma: molec-
ular and in situ analysis of a single neoplastic T-cell clone
expressing the identical T-cell receptor. J Clin Oncol 1995;
13:1751-7.

Diamandidou E, Colome-Grimmer M, Fayad L, Duvic M,
Kurzrock R. Transformation of mycosis fungoides | Sézary
syndrome: clinical characteristics and prognosis. Blood 1998;
92:1150-9.

Li G, Chooback L, Wolfe JT, Rook AH, Felix CA, Lessin SR, et
al. Overexpression of p53 protein in cutaneous T cell lym-
phoma: relationship to large cell transformation and dis-
ease progression. J Invest Dermatol 1998; 110:767-70.

So CC, Wong KF, Siu LL, Kwong YL. Large cell transformation
of Sézary syndrome. A conventional and molecular cytoge-
netic study. Am J Clin Pathol 2000;113:792-7.

Granjo E, Lima M, Lopes JM, Cunha N, Teixeira M dos A, San-
tos F, et al. Intraclonal diversity in a Sézary syndrome with
a differential response to 2-deoxycoformycin of the two
lymphoma cell populations. Br J Haematol 2002;119:629-
33

Langerak AW, van Den Beemd R, Wolvers-Tettero IL, Boor PP,
van Lochem EG, Hooijkaas H, et al. Molecular and flow cyto-
metric analysis of the V3 repertoire for clonality assessment
in mature TCRap T-cell proliferations. Blood 2001;98:165-
73.

Lima M, Teixeira MA, Queirés ML, Santos AH, Goncalves G,
Correia J, et al. Immunophenotype and TCR-V[3 repertoire of
peripheral blood T-cells in acute infectious mononucleosis.
Blood Cells Mol Dis 2003;30:1-12.

Longley J, Tyrrell L, Lu SZ, Farrell J, Ding TG, Yang S, et al.
Malignant and normal T cells show random use of T-cell
receptor O chain variable regions in patients with cutaneous
T-cell lymphoma. J Invest Dermatol 1995;105:62-4.

Thor Straten P, Ralfkiaer E, Hendriks J, Seremet T, Vejlsgaard
GL, Zeuthen J. T-cell receptor variable region genes in cuta-
neous T-cell lymphomas. Br J Dermatol 1998;138:3-12.
Potoczna N, Boehncke WH, Nestle FO, Kuenzlen C, Sterry W,
Burg G, et al. T-cell receptor B variable region (VP) usage in
cutaneous T-cell lymphomas (CTCL) in comparison to normal
and eczematous skin. J Cutan Pathol 1996;23:298-305.
Finn DT, Jaworsky C, Chooback L, Jensen PJ, Lessin SR. Cor-
relation between clonotypic T-cell receptor 3 chain variable
region (TCR-VP) gene expression and aberrant T-cell antigen
expression in cutaneous T-cell lymphoma. J Cutan Pathol
1996;23:306-11.

Gorochov G, Bachelez H, Cayuela JM, Legac E, Laroche L,
Dubertret L, et al. Expression of V beta gene segments by
Sézary cells. J Invest Dermatol 1995;105:56-61.

Neuber K, Loliger C, Kohler I, Ring J. Preferential expression
of T-cell receptor VB-chains in atopic eczema. Acta Derm
Venereol 1996;76:214-8.

haematologica/journal of hematology vol. 88(08):august 2003



Blood involvement in Sézary syndrome

Pre-publication Report & Outcomes of
Peer Review

Contributions

ML, JA; conception and design, analysis and inter-
pretation of data, drafting the article and revising it
critically for important intellectual content; final
approval of the version to be published; MdAT: con-
ception and design; MLQ: conception and design;
AHS: conception and design; SF: conception and
design AB: conception and design; BJ: final approval
of the version to be published; AO: conception and
design, and analysis and interpretation of data, draft-
ing the article and revising it critically for important
intellectual content; final approval of the version to
be published.

This study was made possible by the kind support
of our colleagues who sent us patients, and to whom
we are most grateful: Emilia Arranhado (Hospital
Curry Cabral, Lisboa, Portugal), Ricardo (Hospital de
Leiria, Leiria, Portugal), Cristina Menezes (Centro
Hospitalar de Coimbra, Coimbra, Portugal), Elisa
Granjo (Hospital S&o Jodo, Porto, Portugal), Pureza
Pinto and Luciana Xavier (Centro Hospitalar de Vila
Nova de Gaia, Vila Nova de Gaia, Portugal), Efigénia
Amaral (Hospital do Barreiro, Barreiro, Portugal),
Adriana Teixeira (Hospitais da Universidade de Coim-
bra, Coimbra, Portugal), Santiago Gil (Centro Hospi-
talario de Leon, Leon, Spain), Abelardo Barez (Hospi-
tal Nuestra Senora de Sousoles, Avila, Spain), Daniel
Borrego and Javier Fernandez-Calvo (Hospital Uni-
versitario de Valladolid, Valladolid, Espana), Maximo
Aparicio (Hospital Universitario de Salamanca, Sala-
manca, Spain).

Funding

This work was partially supported by a grant (FIS-
P10212449) from the Fondo de Investigaciones San-
itarias of the Ministerio de Sanidad y Consumo
(Madrid, Spain).

Disclosures

Conflict of interest: none.

Redundant publications: no substantial overlap-
ping with previous papers.

Manuscript processing

This manuscript was peer-reviewed by two exter-
nal referees and by Dr. Estella Matutes, who acted as
an Associate Editor. The final decision to accept this
paper for publication was taken jointly by Dr.
Matutes and the Editors. Manuscript received April
15, 2003; accepted June 10, 2003.

In the following paragraphs, Dr. Matutes summa-
rizes the peer-review process and its outcomes.

What is already known on this topic

It is well recognised that Sézary cells express aber-
rant phenotypes and are heterogeneous regarding
ploidy shown by cytogenetics and DNA analysis.

What this study adds

The present study confirms that blood circulating
Sézary cells have aberrant phenotypes allowing them
to be distinguished from lymphocytes of patients
with reactive dermatitis and that they have differ-
ent ploidy in relation to the cell size. In addition, and
within some patients, there is phenotypic hetero-
geneity. By using a large set of monoclonal anti-
bodies against the TCR beta families, the authors are
able to demonstrate clonality in all patients and sug-
gest that this approach may avoid the need of mol-
ecular methods. Nevertheless this needs to be vali-
dated in a higher number of cases.

haematologica/journal of hematology vol. 88(08):august 2003 887





