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Abstract
Peripheral blood cells from 28 patients with leukemic cutaneous T-cell lymphoma including 25
patients with Sézary syndrome were evaluated for expression of regulatory T-cell-associated
markers (FoxP3, CD25, CTLA-4, neurophilin-1), T-cell activation markers (CD28 and its ligands
B7.1 and B7.2) and NK cell-associated markers (NKG2D and its ligands MicA and Mic-B) using
real-time quantitative polymerase chain reaction. T-plastin served as a positive genetic marker,
and its expression correlated to blood tumor burden. More than 90% of samples had transcripts for
CD28 and Mic-B, but less than 30% of samples expressed FoxP3, CTLA-4 and CD25. Expression
of Mic-B by neoplastic cells could provide another mechanism to inhibit anti-tumor immune
responses. FoxP3 expression correlated with a poor prognosis. Although the underlying
mechanisms accounting for this correlation remain unclear, the expression of the Foxp3 and
CTLA-4 regulatory elements indicates that a subset of leukemic cases displays a regulatory T-cell
phenotype.
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Introduction
Cutaneous T-cell lymphoma (CTCL) is a heterogeneous group of primary cutaneous non-
Hodgkin lymphomas that is composed predominantly of mycosis fungoides (MF) and
Sézary syndrome (SS) [1]. According to recommendations of the International Society for
Cutaneous Lymphomas (ISCL) [2], SS is currently defined as an erythrodermic expression
of CTCL with high blood tumor burden or “leukemic” involvement, but some patients with
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the clinical findings more typical of MF also may fulfil the hematologic criteria for leukemic
disease. For this reason, we use the inclusive term “leukemic CTCL” to include patients
with SS and MF who meet the B2 blood rating defined by the ISCL [2].

The prevailing concept is that MF/SS are clonal proliferations of skin-homing memory T-
cells based on the frequent expression of cutaneous lymphocyte-associated antigen (CLA)
[3–5], and chemokine receptors CCR4 and CCR10 that are involved in trafficking into the
skin [6–8]. The typical immunophenotype of the neoplastic T-cells is CD4 + CD45RO +
CD26− with variable expression of CD7 and CD25 (interleukin-2 receptor α chain/Tac)
among cases [9–13]. Functionally, neoplastic T-cells of MF/SS have properties of
immunoregulatory cells. Initial studies in vitro showed that the neoplastic T-cells of SS
potentiate B cell transition into immunoglobulin-secreting plasma cells [14]. By contrast,
malignant T-cells from patients with the adult T leukemia/lymphoma (ATL) frequently
functioned as suppressor cells. In addition, the neoplastic T-cells observed in most cases of
MF/SS appear to exhibit a TH2 cytokine secretion profile [15]. Most recently and relevant to
this study, Berger showed that under certain conditions, neoplastic T-cells of CTCL can up-
regulate expression of FoxP3, CD25, and cytotoxic lymphocyte-associated antigen-4
(CTLA-4/CD152) with enhanced capacity to secrete of IL-10 and transforming growth
factor-β, i.e., the phenotype and functional properties of regulatory T (Treg) cells [16].
Wong extended these studies by showing that freshly isolated T-cells from patients with MF
as well as neoplastic T-cells from SS markedly increase expression of CTLA-4 mRNA and
surface protein when stimulated compared with normal cells [17]. If MF/SS is a tumor of
Treg cells as proposed by Berger [16], then this might account for the profound
immunosuppression that characterises SS [18].

FoxP3 (forkhead box P3) is the master regulatory gene for the development and function of
both natural and induced Treg cells [19,20]. FoxP3 protein (scurfin) forms complexes with
other coactivator or corepressor proteins, leading to Treg-related repression of interleukin-2
secretion and up-regulation of coding for CD25 and CTLA-4. Accordingly, FoxP3 gene
expression and protein is used as a marker of Treg cells although it should be recognised
that FoxP3 expression per se does not always identify cells with Treg functional properties
[21].

CTLA-4 together with CD28 acts on T-cells as inhibitory and stimulatory receptors,
respectively, when engaged to their ligands, B7-1/CD80 and B7-2/CD86 [22,23]. CD28 as
well as B7-1 and B7-2 have been reported to be frequently expressed by neoplastic T-cells
of MF/SS in the skin [4,24], suggesting the existence on an auto-stimulatory loop [25].
CTLA-4 is rapidly up-regulated following T-cell activation, inhibits T-cell responses, and
regulates peripheral T-cell tolerance. Conversely, CD28, which is constitutively expressed
on the surface of T-cells, acts in concert with TCR signalling to enhance T-cell activation
and proliferation, and enhances T-cell survival by up-regulating anti-apoptotic proteins such
as Bcl-XL. The interaction between CD28 and B7 is important for development and
maintenance of natural Treg cells [26]. B7-2 is constitutively expressed on some resting T-
cells whereas B7-1 is not present on resting T-cells, but both ligands can be up-regulated on
activated T-cells.

Previous reports indicated a decline in the natural killer (NK) cell activity associated with
CTCL progression [27–29]. However, it remained unclear whether this was due to a
decrease of the NK cell numbers, impairment of their cytotoxic function, or both. Recent
studies of SS have confirmed a quantitative decrease of NK cells, but also indicate that NK
cells are capable of lyzing autologous neoplastic cells as well neoplastic cell lines derived
from SS [30,31].
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NK cells utilise a form of immune recognition known as “induced self recognition” that is
exemplified by the NKG2D immunoreceptor-MicA/B ligand system [32–34]. Mic-A and its
homologue Mic-B are MHC class I chain-related proteins that are not expressed abundantly
by most normal cells, but are up-regulated on cells exposed to various cellular insults and
neoplastic transformation [35]. These proteins are ligands for the activating immunoreceptor
NKG2D on NK cells and cytotoxic T-cells, and provide a co-stimulatory signal that
activates the cytolytic response (release of cytotoxic granules). In mice, NKG2D ligand
expression by tumor cells results in tumor rejection by NK cells and/or CD8 T-cells, and its
absence or down-regulation results in tumor escape from NK and T-cell attack. The anti-
tumor response to naturally arising malignant cells appears to vary depend concentration of
the expressed NKG2D ligands. Thus, NKG2D ligands appear to play a critical role in tumor
immune surveillance, but there is no information about their role in MF/SS.

T-plastin, which is not normally expressed in lymphoid tissue, appears to be
characteristically expressed by neoplastic T-cells of CTCL [36–40], and has been used as a
molecular marker in studies that use real-time quantitative polymerase chain reaction
(qPCR) [38]. Recent in vitro studies indicate that T-plastin is also expressed in cell lines
derived from SS, but not T-cell lines derived from other T-cell lymphomas [39].

In this study we examined in leukemic cells from a cohort of CTCL patients, the mRNA
gene expression profile of Treg-associated markers (FoxP3, CD25, CTLA-4, neurophilin-1),
CD28 and its ligands B7.1 and B7.2 and NKG2D and its ligands Mic-A and Mic-B. T-
plastin was used as a genetic marker of neoplastic T-cells in these experiments. We found
that Mic-B is highly expressed by the neoplastic cells, and that FoxP3 is expressed in some
cases that have a relatively poor prognosis.

Materials and methods
Real-time qPCR was performed on samples of peripheral blood lymphocytes from 28
patients with the leukemic phase (B2 blood rating) of CTCL as defined using hematologic
criteria recommended by the ISCL [2]. The cells were thawed and washed in RPMI 1640
tissue culture medium. For qPCR analysis, mRNA was extracted and purified with Trizol
from lysate of 5 – 10×105 thawed and washed cells with 500 μL Trizol (Invitrogen,
Carlsbad, CA) reagent. Twenty-six of the samples with usable mRNA were collected by
leukopheresis between November 1989 and September 1997 and stored in liquid nitrogen,
and 2 samples (PT30 and PT31) were obtained from recently evaluated patients (Table I).
Twenty-five cases had generalised erythroderma and therefore fulfilled the ISCL definition
of SS, i.e., T4B2. The remaining 3 patients also had leukemic involvement, but had skin
manifestations of extensive MF (PT20 and PT27) or primary cutaneous peripheral T-cell
lymphoma with histologic features resembling Kimura disease (PT28). These studies were
approved by the Institutional Review Board of Johns Hopkins University.

The immunophenotype of the neoplastic cells in all cases was CD3+CD4+CD8- with a
CD4/CD8 ratio of 10 or more at the time of collection for 21 (75%) cases. Absolute Sézary
cell counts exceeded 1.0 K/μL in 20 (71%) of the cases, and absolute lymphocyte counts
exceeding 4.0 K/μL occurred in 13 patients of which 10 had evidence of a dominant T-cell
clone by Southern blot (3 cases), PCR analysis of the T-cell receptor gamma chain (5 cases)
or both methods (2 cases). Chromosome studies showed an abnormal clone in the blood for
23 (82%) cases. Taken together, 4 patients had one ISCL criterion for leukemic
involvement, 5 patients had 2 criteria, 4 patients had 3 criteria, 8 patients had 4 criteria and 7
patients had all 5 criteria [2]. At the time of analysis, all but 2 patients (PT2, PT28) have
died as a result of disease.
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Target gene expression (T-plastin, FoxP3, CD25, CD28, CTLA-4, B7.1, B7.2,
neurophilin-1, NKG2D, Mic-A and Mic-B) was assessed by qPCR using an ABI PRISM
7000 Sequence Detection System. Reagents and primer/probe constructs for target genes
were purchased from Applied Biosystems, Inc. (Foster City, CA) [41,42]. Each sample was
multiplexed with an endogenous control, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). Relative transcripts were determined by the formula:

. Real-time PCR efficiencies of target genes and the reference
gene (GAPDH) were approximately equal over a concentration of 0.1–200 ng total cDNA.

Multi-colour flow cytometry was utilised to evaluate the number of CD3 + CD4 + cells that
express Foxp3 + and to correlate the relative number of Foxp3 + cells with Foxp3 + mRNA
transcript levels assessed by qPCR. Briefly, to inhibit clumping of thawed cells, the initial
diluent contained DNAase, 0.01%, RPMI 1640 and 20% normal human serum. The cells
were then stained with directly conjugated anti-CD3 and anti-CD4 antibodies followed by
intracellular staining for Foxp3 (clone PCH101, Human Regulatory T Cell Staining Kit; (e-
Biosciences, San Diego, CA) according to the instructions supplied by the manufacturer.
Flow cytometric analysis was assessed on a dual laser FACSCanto II (Becton-Dickinson,
San Jose, CA) flow cytometer.

Statistical analysis
Because most continuous variables did not have a normal distribution, non-parametric tests
(Mann–Whitney and Kruskal–Wallis tests) were used to test for differences among 2 and 3
or more groups, respectively. Fisher and Pearson chi-square exact tests were used to test
categorical data in 2 by 2 and R by C tables, respectively. Spearman rank order test was used
to test for correlation between two variables. The Cox proportional hazards model was used
to examine the relationship between prognostic factors and survival. Survival probabilities
were calculated using the method of Kaplan–Meier and survival curves were compared
using the log-rank test of Mantel–Cox. Survival was determined from time of blood
sampling to the death of death or last known date alive. Censoring was not required because
the status of each patient was known at the time of the analysis. Death from any cause used
to define overall survival. The statistical packages used for data analysis and graphs were
SYSTAT10 and SPSS 13.0 for Windows, SPSS, Inc., Chicago, IL; StatXact 6 and EGRET
for Windows, Cytel, Inc., Cambridge, MA; and SigmaPlot 9.0, Systat Software, Inc., Point
Richman, CA.

Results
Gene mRNA expression was found in the majority of samples for T-plastin, CD28, and Mic-
B (100%, 93% and 86% of samples, respectively; Table I. In contrast, mRNA transcripts
were detected in a minority of the samples for CD25 (29% of samples), and FoxP3, CTLA-4
and Mic-A (21% of samples each). Transcripts for neurophilin-1, B7.1 and B7.2 were absent
or rarely detected. Interestingly, when mRNA transcripts were detected for these genes (T-
plastin, Foxp3, CTLA-4, CD25, CD28, Mic-A and Mic-B) in the patient samples, they
greatly exceeded on average concentrations detected in normal peripheral mononuclear cells
from control subjects (n = 6) (Figure 1).

Expression of T-plastin mRNA transcripts
Transcripts for T-plastin were detected in all 28 samples with a wide range of expression
levels among cases (Table I, Figure 1). Because message for T-plastin has been proposed as
a molecular marker of SS [37,38,40] and because qPCR provides a quantitative measure of
gene transcripts in the sample, T-plastin transcript levels were compared with other
measures of blood tumor burden. One such measure, the number of Sézary cells/mm3
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(absolute Sézary cell count), was available on all cases of SS (n = 25) and correlated
significantly to the level of T-plastin transcripts (ρ = + 0.425, p = 0.034). On a smaller
subset of patients, positive, but not statistically significant, correlations were also observed
between T-plastin transcript levels and absolute counts of CD4 + CD26- cells (n = 21, ρ = +
0.286, p = 0.205), and Vβ + cells (n = 12, ρ = + 0.315, p = 0.306). The lack of correlation
with CD4 + CD7- cells (n = 21, ρ = + 0.096, p = 0.674) reflects the fact that CD7 is variably
expressed by neoplastic T-cells [43].

The level of T-plastin transcripts also correlated strongly with the transcript levels for CD28
(ρ = + 0.457, p = 0.022) and Mic-B (ρ = + 0.720, p <0.001) as well as the chemokine
receptor CCR10 (ρ = + 0.761, p <0.001) that is highly expressed by neoplastic T-cells (data
not shown) [8]. The transcript levels of CD28 and CCR10 also significantly correlated with
the absolute Sézary cell count (ρ = + 0.423, p = 0.035 and ρ = + 0.512, p = 0.009,
respectively) whereas the positive correlation with Mic-B failed to reach statistical
significance (ρ = + 0.332, p = 0.104). Although serum LDH also correlated significantly
with the absolute Sézary cell count (ρ = + 0.448, p = 0.025), no correlation was found
between T-plastin expression and serum LDH levels (ρ = + 0.095, p = 0.646). In contrast to
other measures of blood tumor burden (absolute Sézary cell count, CD4/CD8 ratio, and
serum LHD level), the level of T-plastin transcripts in samples from the 25 patients with SS
did not correlate significantly with survival in the Cox model (p = 0.381).

Expression of FoxP3, CD25 and CTLA-4 mRNA Transcripts
Transcripts for FoxP3 were detected in 6 (21%) samples from our patients with SS including
PT31 whose neoplastic T-cells had extremely high expression levels for FoxP3 and several
other genes including CD25, but not CTLA-4. Overall, transcripts for CD25 were found in
only 8 (29%) and CTLA-4 message was found in 6 (21%) of our samples. Additional studies
were undertaken to determine whether mRNA transcript levels for Foxp3 correlated with the
levels of CD3 + CD4 + Foxp3 + cells detected by flow cytometry. As illustrated in Figure 2,
there was significant correlation (p <0.001) of Foxp3 message levels with the number of
cells expressing Foxp3 protein for a limited number of cases that could be studied.

CD25 transcripts were found in 3 (50%) of the 6 FoxP3 expressing samples versus 5 of the
22 (23%) that did not express FoxP3, a difference that was not statistically significant
(Fisher test, p = 0.311). Most of the FoxP3 + CD25 + cases exhibited low levels of CD25
transcripts except for PT31 who had relatively high FoxP3 expression plus very high
expression of CD25, findings that are associated with a Treg phenotype. Of the remaining
22 FoxP3 negative samples, the level of CD25 transcripts was also often at high levels,
which may be more indicative of cell activation. The correlation between FoxP3+ and
CTLA-4+ cases and between CD25+ and CTLA-4+ cases also was significant (Fisher test, p
= 0.01 and p = 0.003, respectively). This further suggests that some of the FoxP3 expressing
cases may have acquired CTLA-4 expression as well as CD25. Although we recognise that
statistical results based on such small numbers of cases must be interpreted with caution,
these findings support the notion that a subset of leukemic CTCL patients might have
acquired a phenotype of Treg cells. Of interest, the 6 patients with SS whose neoplastic cells
expressed FoxP3 had a significantly worse prognosis than the other 19 patients whose cells
lacked FoxP3 (Mantel test, p = 0.011; Figure 3). Cases with CTLA-4 mRNA expression also
had a worse prognosis, but the difference in survival curves was not significantly different
(Mantel test, p = 0.163), and there was no correlation with survival for cases with or without
CD25 mRNA expression (Mantel test, p = 0.871).
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CD28, B7.1 and B7.2
In concert with reported flow cytometric studies [44,45], CD28 transcripts were detected in
all but 2 samples. This is not surprising because CD28 is constitutively expressed by normal
T-cells. Moreover, the level of CD28 transcripts in the cells varied widely among the cases
which agrees with the study by Lima in which CD28 surface protein expression on Vβ+
neoplastic cells of 18 cases with SS was increased in 9 cases, normal in 2 cases, and
decreased in 7 cases [45]. The level of CD28 transcripts was positively correlated with the
level of T-plastin (ρ = + 0.426, p = 0.024), a finding that suggests that some of the
variability of CD28 expression among our samples was related to the percentage of
neoplastic cells in the sample.

With regard to circulating neoplastic T-cells, Schwab found very low surface expression of
B7.1, but B7.2 was increased in all 5 cases of SS studies by flow cytometry [44]. However,
contrary to this report, transcripts for B7.2 were detected in only 2 of our cases overall
including the sample from one patient with SS (PT31) who also had relatively high
expression levels of FoxP3, CD25 and CD28.

NKG2D, MicA and MicB
An unexpected finding in our study was that Mic-B mRNA was present in 86% of samples
with median transcript concentrations in positive samples second only to T-plastin. In
addition, the level of Mic-B transcript levels was strongly correlated to that of T-plastin (ρ =
0.637, p <0.001), suggesting a relationship to blood tumor burden. Mic-A transcripts were
present in 8 (29%) samples at low expression levels and NKG2D mRNA was detected in
one sample. Neither the level of Mic-B transcripts nor the presence or absence of Mic-A
transcripts correlated with survival.

Discussion
T-plastin mRNA appears to be characteristically expressed by neoplastic T-cells of CTCL
[36–38,40]. It is therefore not surprising that the T-plastin expression levels correlated to
absolute Sézary cell counts, which is used to approximate blood tumor burden in SS [46,47].
T-plastin expression also strongly correlated with CCR10 expression (data not shown; ρ = +
0.686, p <0.001), which is characteristically expressed by neoplastic T-cells [8,48,49].
However, although the absolute Sézary cell count correlated significantly with prognosis in
the Cox model (p = 0.011), neither T-plastin nor CCR10 transcript levels had prognostic
importance at least for this cohort of CTCL patients with high blood tumor burden. Of
interest, T-plastin was not identified as one of the genes associated with poor outcome in
patients with high-count SS that were studied by a cDNA gene array even though it was
highly expressed in the samples [37]. Therefore, T-plastin expression may be more useful as
a molecular marker for diagnosis than for prognosis. Other significant correlations were
observed between transcript levels of T-plastin and CD28 (ρ = + 0.426, p = 0.024) and Mic-
B (ρ = + 0.637, p <0.001) that may be associated with blood tumor burden.

T-plastin, encoded by PLS3 located at chromosome segment Xq23, is an actin-bundling
protein that is highly expressed in actively dividing cells of solid tissues and up-regulated in
several carcinomas, but unlike its isoform L-plastin, is not expressed by lymphoid tissue
[50]. T-plastin is involved in regulation of the actin cytoskeleton by cross-linking actin
filaments into tight bundles, and has been implicated in DNA repair [50]. It has been
proposed that the cortical cytoskeleton acts as a scaffold for various signal transduction
pathways [51]. Considering that a translocation that partnered the L-plastin gene (LCP1),
located at chromosome segment 13q14.3, with the BCL6 gene has been implicated in the
pathogenesis of B-cell lymphoma [52], we wondered if a similar molecular alteration that
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involves the T-plastin gene might be important in CTCL. However, no translocations that
involve this segment have to our knowledge been reported in CTCL [53].

The present study agrees with previous reports that CD28 is constitutively expressed by
neoplastic T-cells similar to normal T-cells [4,24,44,45], but perhaps with more variability
with regard to its density. No difference in CD28 protein expression by infiltrating T-cells in
the skin was observed between MF and SS [4]. CD28 co-stimulation of normal CD4+ T-
cells via its major ligands, B7.1/CD80 or B7.2/CD86, is essential for proliferation and
survival via the Bcl-xL pathway, and promotes differentiation into TH2 cells with
production of IL-4 and IL-5 [22,54]. However, in contrast to other studies [4,24,44], we did
not find transcripts for B7.1 or B7.2 in neoplastic cells. In addition, if neoplastic T-cells
were being co-stimulated through the T-cell receptor and CD28, one might expect up-
regulation and more frequent expression of CTLA-4 that normally acts to antagonise the
main effects of CD28. Thus, the results of the present study do not support the hypothesis
that CD28-B7 interactions provide autostimulation of neoplastic T-cells in advanced stages
of CTCL.

The present study also shows that Mic-B gene transcript levels are highly expressed by
neoplastic cells of CTCL and that further studies are warranted to determine the significance
of this finding in CTCL. However, it should be noted that high Mic-B expression was not
found in two gene expression array studies that compared SS with controls, raising question
about the specificity of this finding [40,55]. The Mic-B gene and its homologue Mic-A gene
encode proteins that are ligands for the activating immunoreceptor NKG2D on NK cells and
cytotoxic T-cells that triggers release of cytotoxic granules [32–35]. Because Mic-B protein
expression by neoplastic T-cells was not studied nor was soluble Mic-B measured in the sera
of our patients, we can only speculate as to the clinical significance of high Mic-B gene
expression by neoplastic T-cells. However, assuming that high gene transcript levels
indicate that Mic-B protein is being expressed as occurs with a variety of other malignancies
including hematopoietic tumors [56–58], then the question arises how are these cells able to
evade killing by NKG2D bearing NK or CD8+ T-cells considering the fact that NK cells
harvested from patients with SS are capable of killing autologous neoplastic cells [30–31].
One potential mechanism is that the prolonged encounter with tumor cell-bound, but not
soluble, NKG2D ligand alters NKG2D signalling in NK cells [59]. Another potential
mechanism is that tumor-derived soluble Mic-B protein can down-regulate expression of
NKG2D on CD8+ T-cells and suppress T-cell activation [60,61].

Lastly, our studies indicate that FoxP3 mRNA is not detectable in the majority (22/28
samples) of unstimulated leukemic cases, but when expressed it is associated with a poor
prognosis. This finding agrees with other published studies that indicate that FoxP3 protein
is not expressed to any significant degree by neoplastic cells in skin lesions or peripheral
blood of most patients with MF/SS whereas the cutaneous infiltrates do have variable
proportions of tumor-infiltrating FoxP3+ cells [62–65]. In recent study, Gjerdrum evaluated
FoxP3 protein expression in 69 patients with MF further classified into early patch/plaque (n
= 10), infiltrated plaque (n = 42), non-transformed tumor (n = 10), and transformed tumor (n
= 7) cases [65]. Tumor-infiltrating FoxP3+ cells were present in varying numbers in the
cutaneous infiltrates of MF, but a relative decrease was observed for tumor lesions
compared with patch/plaque lesions. Moreover, the loss of FoxP3+ cells correlated with an
adverse prognosis, and significantly both FoxP3 values and disease type were found to be
independent risk factors for death when analysed as covariates in the Cox Proportional
Hazards Model. This study also found that FoxP3 protein was not expressed by neoplastic
cells in the skin infiltrate in any of these cases although it should be noted that negative
FoxP3 staining was defined as absent or less than 10% staining by neoplastic cells,
suggesting that occasional neoplastic cells could have been positive. Interestingly, the lack
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of FoxP3 protein in transformed MF in this study differs from the experience of Hallermann
in which 4 of 5 cases of CD30+ transformed MF cases expressed FoxP3 [64]. The reason for
this discrepancy is unclear but could be due to technical reasons (immunohistochemistry
with or without antigen retrieval; FoxP3 antibody clones 236A/E7 versus hFoxy) [66].

Our observation that a small number of patients with SS have detectable transcripts for
FoxP3 and that this is associated with a poor prognosis may signify that neoplastic cells in
some cases have acquired the functional properties associated with Treg cells. FoxP3
expression by neoplastic cells in ATL also appears to adversely affect prognosis [62].
Although we were able to show a significant correlation between Foxp3 mRNA transcript
levels with the number of CD4 + Foxp3+ T-cells identified by multi-colour flow cytometry
in a few of our samples (Figure 2), attempts to correlate Foxp3 mRNA transcript levels with
FoxP3 protein levels by flow cytometry or Western blotting was compromised due to the
poor state of the stored cells. The possibility that the source of the FoxP3 message was from
normal Treg cells in the sample cannot be excluded, but is considered unlikely because of
the selection of cases with high blood tumor burdens. Nevertheless, Kwon observed that in 8
patients with SS, a CD4 + CD25 + FoxP3+ Treg phenotype was expressed by non-malignant
T-cells in 7 instances, while the Treg phenotype was expressed by 60% of the Vβ+
neoplastic T-cells in one case [67]. Discordance between FoxP3 mRNA and protein
expression has been observed for various tumor cell lines including the Sézary-derived
HUT78 cells, suggesting regulation at the posttranslational level [68]. However, an
alternative explanation is that FoxP3 mRNA may be easier to detect by the more sensitive
qPCR technique than FoxP3 protein by standard methods which would account for the
apparent lack of FoxP3 protein by neoplastic cells in most tissue samples and CTCL-derived
cells lines. If so, an increased amount of FoxP3 protein detected by immunohistochemistry
occurs in only certain unusual circumstances such as large cell transformation [64].

Thus, neoplastic T-cells appear capable of expressing FoxP3 mRNA and possibly protein in
a small subset of aggressive MF/SS, but whether this is the result of cell activation or an
intrinsic defect is unclear. In humans, expression of FoxP3 resides exclusively in CD4 +
CD25+ T-cells, but in contrast to the mouse studies, activation of human CD4 + CD25− T-
cells leads to expression of FoxP3 and generation of CD4 + CD25+ Treg cells with
expression of FoxP3 correlated with regulatory activity although not always [21,69,70].
Because we found no correlation between FoxP3, CD25 or CTLA-4 expression in most
cases, which one might have expected if neoplastic T-cells had been derived from Treg
cells, the possibility that FoxP3 expression in our cases is related more to cell activation than
a change in neoplastic phenotype remains plausible.

A possible explanation for the poor prognosis of FoxP3-expressing Sézary patients could be
related to presumed Treg-like inhibitory effects of such cells on normal anti-tumor immune
mechanisms as shown for other cancers [71,72]. Treg cells function as professional
suppressor T-cells that are capable of inhibiting the in vitro proliferation of CD4 + CD25-T-
cells stimulated via T-cell receptors [73,74]. In healthy individuals, thymic-derived natural
Treg cells represent about 10% of CD4+ T-cells in the peripheral blood, and are identified
by high surface expression of CD25 and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4/CD152), which contributes to the cell-cell suppressive effect of Treg cells [75].
However, in the case of CTCL, where tumor-infiltrating Treg cells might actually be
inhibiting the growth of neoplastic T-cells either directly or indirectly via dendritic cell
function as well as paradoxically inhibiting cytotoxic T-cell responses against the tumor
cells (a dichotomy in terms of the anti-tumor immune response), the accumulation of
neoplastic cells with Treg-like properties might alter the immune balance and favour the
expansion of neoplastic cells that typically lack Treg-like properties. According to this
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hypothesis, only in some cases would the numbers of Treg-like neoplastic cells be detectable
within the neoplastic pool.

The presence of neoplastic cells with Treg-like immunoregulatory properties in CTCL has
therapeutic implications. For example, such cells might interfere with anti-tumor responses
mediated by normal tumor-infiltrating Treg cells induced by extracorporeal photopheresis
[76,77] or by cytotoxic cells induced by dendritic cell vaccines [78,79]. To enhance the
effectiveness of such immunotherapeutic approaches, concurrent treatments that reduce or
eliminate Treg-like neoplastic cells should be considered. For instance, a drug that targets
CD25 such as denileukin diftitox might prove effective although not all FoxP3+ neoplastic
T-cells appear to express CD25 and an inhibitory effect on tumor-infiltrating Treg cells that
express high CD25 levels might not be desirable in this clinical setting. Similarly the
suppressive effects of low dose cyclophosphamide or fludarabine on Treg cells might not
selectively target Treg-like neoplastic T-cells vis-á-vis normal Treg cells [80–82]. At the
present time, a non-myeloblative allogeneic bone marrow transplantation with the intent of
generating a graft-versus-lymphoma effect may provide the best therapeutic option to gain
long-term survival in these patients [83–86].

The hypothesis that neoplastic T-cells can acquire Treg-like properties has also been
proposed for HTLV-1+ ATL, a neoplasm that shares many clinical and pathologic features
with MF/SS [87–90]. At the mRNA level, FoxP3 expression in quite variable in ATL cells,
and could be even down-regulated compared with Tregs from normal subjects [87]. Chen
recently proposed that CD25+ ATL cells may be derived from 2 distinct subsets: one
originating from primary FoxP3-expressing Treg cells, the other from activated T-cells [91].
The former subset, representing about one-third of ATL cases, exhibits high FoxP3 and
CTLA-4 expression with associated immunosuppression and presumably a worse prognosis
[62]. The latter subset is characterised by absent to low level of FoxP3 and negligible
regulatory activity similar to conventional activated T-cells.

However, in contrast to leukemic ATL cells which constitutionally express high levels of
CD25, expression of CD25 by the circulating neoplastic cells of leukemic CTCL is typically
low, but also quite variable [9,92]. Considering that increased expression of CD25 on
neoplastic cells in the skin may identify patients at risk to develop large cell transformation
[93], and that there is an association between transformation and FoxP3 and CD25
expression by neoplastic cells, we wonder if high CD25 expression might also a marker of
neoplastic T-cells with an activated Treg phenotype in MF/SS.

Taken together, we conclude that unstimulated circulating neoplastic T-cells in the majority
of cases of SS do not constitutively express the phenotype of Treg cells, but when activated
in vivo may up-regulate molecules like FoxP3 and CTLA-4, thereby acquiring Treg-like
functional properties. In this regard, this subset of SS may be analogous to the activated
form of ATL proposed by Chen [91]. The poor prognosis of Sézary patients whose
circulating neoplastic T-cells express FoxP3 transcripts is a new finding that needs to be
validated on fresh samples from a larger series of patients. If confirmed, then FoxP3
expression by neoplastic cells can be added to the list of other prognostic indicators for SS
such as absolute Sézary cell count [46,47], serum level of lactate dehydrogenase [94,95] or
soluble interleukin-2 receptor [96,97], and gene expression profile [37].
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Figure 1.
The gene expression profile of T-plastin, FoxP3 and other markers of T-cell activation in
peripheral blood mononuclear cell samples from patients with Sézary syndrome compared
with normal controls.
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Figure 2.
Correlation of Foxp3 mRNA transcript levels with the number of CD4 +Foxp3+ T-cells
identified by multi-colour flow cytometry.
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Figure 3.
An adverse survival was observed for patients with Sézary syndrome whose circulating
neoplastic T-cells expressed FoxP3 mRNA compared with patients without expression.
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