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Objectives: To investigate the expression profile of
programmed death-1 (PD-1) on T cells derived from pa-
tients with cutaneous T-cell lymphoma (CTCL), ana-
lyze a potential mechanism responsible for upregulation
of PD-1, and assess the correlation between blockade of
its signaling pathway and improvement in immunologi-
cal function.

Design: Translation research study.

Setting: University medical center.

Participants: Patients with Sézary syndrome, patients
with mycosis fungoides, and healthy volunteers.

Main Outcome Measures: Programmed death-1 ex-
pression on T cells by flow cytometry and interferon �
(IFN-�) production by enzyme-linked immunosorbent
assay.

Results: We report significantly increased PD-1 expres-
sion on CD4� T cells from patients with Sézary syndrome

compared with CD4� T cells from patients with mycosis
fungoides and healthy volunteers. Both CD26− and CD26�

populations of CD4� T cells demonstrated increased ex-
pression of PD-1, which was upregulated by the engage-
ment of the T-cell receptor with anti-CD3/CD28 antibod-
ies. In addition, blockade of the signaling pathway with
blocking antibodies to PD-1 or its ligand PD-L1 led to an
increase in the capacity to produce IFN-� among some pa-
tients. Finally, longitudinal studies of 1 patient revealed a
progressive decrease in PD-1 expression on CD4� T cells
with improvement of clinical disease.

Conclusion: Our data imply that increased PD-1 ex-
pression in Sézary syndrome may play a role in attenu-
ating the immune response and provide further insight
into the immunosuppressive nature of CD4� T cells in
Sézary syndrome and suggest another potential means
of targeted therapy for these patients.
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C UTANEOUS T-CELL LYMPHO-
mas (CTCLs) are typi-
cally a group of CD4� lym-
phoproliferative disorders
comprised of clonally de-

rived skin-homing T cells. Mycosis fungoi-
des (MF) and Sézary syndrome (SS) are the
most common forms of CTCL. Sézary syn-
drome, a leukemic variant of CTCL, is de-
fined by the triad of erythroderma, gener-
alized lymphadenopathy, and the presence
of neoplastic T cells in the skin, lymph
nodes, and peripheral blood.1 The neoplas-
tic cell is typically characterized by a
CD4�CD26− phenotype.2

Patients with SS manifest both clinical
and immunologic abnormalities. They
commonly display, within the peripheral
blood and skin, a helper T cell, subtype 2
(TH2) cytokine profile characterized by in-
creased levels of interleukin 4 (IL-4) and

IL-53 and concomitant decreased levels of
TH1 cytokines such as IL-2 and interferon
� (IFN-�),4 resulting in reduced cell-
mediated immunity.5 Even though circu-
lating populations of activated CD8� T cells
are detected, malignant T cells persist, sug-
gesting the inability to mount an effective
immune response.6 Endogenous immuno-
suppression, implicated by an ineffective
effector response and an altered cytokine
milieu, renders patients susceptible to op-
portunistic infections.7 Overall, these find-
ings point to the immunosuppressive na-
ture of the disease, with malignant T cells
evading the immune system and resisting
activation-induced cell death.8

Programmed death-1 (PD-1) was origi-
nally cloned as a molecule overexpressed on
apoptotic cells.9 It is commonly expressed
on activated T cells and B cells on T-cell re-
ceptor and B-cell receptor stimulation, re-
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spectively.10 Programmed death-1, a member of the B7-
CD28 family, has 2 known ligands, PD-L1 and PD-L2;
PD-L1 is expressed on many cell types, such as T cells, den-
dritic cells, and tumor cells, whereas PD-L2 expression is
limited to antigen-presenting cells.11 Engagement of PD-1
by its ligands transduces a signal that leads to inhibition
of T-cell function, including proliferation and cytokine pro-
duction.12 Therefore, it is postulated that a major function
of PD-1 is to attenuate the immune response.

Increased expression profiles of PD-1 have been iden-
tified in models of defective immune function, including
chronic viral infection13-15 and adult T-cell leukemia/
lymphoma,16 indicating a role in disease progression and
immunosuppression. Murine models have demonstrated
the crucial role that PD-1 plays in maintenance of self-
tolerance and prevention of autoimmunity.17 In these mod-
els, alteration of the PD-1 gene and/or complete knockout
of the gene has led to diabetes mellitus,18 lupus,19 and au-
toimmune cardiomyopathy.20 It has been proposed that the
loss of PD-1 may lower the threshold for antigen recogni-
tion in peripheral tissues evidenced by increased numbers
of antigen-specific cytotoxic cells and increased cytokine
productionwhencomparedwithwild-typemice.21 Further-
more, blockade of the PD-1/PD-L1 pathway results in the
restored ability to proliferate and secrete cytokines.13,22-24

In this study, we investigate the expression profile of
PD-1 on T cells derived from patients with CTCL, and its
functional significance for IFN-� production. Our data im-
ply a role for PD-1 in attenuating the immune response
and antitumor immunity, providing further insight into
the immunosuppressive nature of CD4� T cells in CTCL
and the potential for immunotherapy.

METHODS

PATIENTS

Blood samples were collected from healthy donors (HDs), and
from patients with MF and SS who were seen and followed at
the University of Pennsylvania Cutaneous Lymphoma Clinic,
Philadelphia. Donation of blood by patients and HDs con-
formed to the protocols approved by the University of Pennsyl-
vania institutional review board, and written informed consent
was obtained. Patients were considered to have a low to me-
dium tumor burden if their percentage of circulating malignant
T cells with the flow cytometric phenotype of CD4�CD26− ranged
from 20% to less than 50% of total lymphocytes. Patients whose
percentage of circulating phenotypically abnormal T cells was
50% or higher were considered to have a high tumor burden.25

Peripheral blood cells from a total of 21 patients with SS, 4 pa-
tients with MF (skin-only involvement without blood involve-
ment with less than 5% CD4�CD26− T cells), and 5 age-
matched HDs were evaluated over the course of this study. The
diagnoses of SS and MF were made clinically, histologically, and
by flow cytometry of the blood and conformed to the criteria of
the International Society for Cutaneous Lymphomas and the Eu-
ropean Organization of Research and Treatment of Cancer.26

PERIPHERAL BLOOD MONONUCLEAR CELL
ISOLATION AND CULTURE

Venous blood was collected into heparinized syringes using uni-
form standards. The heparinized blood was diluted 1:2 with

phosphate-buffered saline (PBS) and was layered on a Ficoll-
Hypaque gradient (Amersham, Pittsburgh, Pennsylvania). The
gradient was centrifuged at 2400 rpm for 30 minutes at room
temperature. The peripheral blood mononuclear cell (PBMC)
band was collected and washed twice in PBS. Cells were cul-
tured in medium (RPMI 1640; Life Technologies, Gaithers-
burg, Maryland) supplemented with 10% fetal bovine serum,
1% penicillin/streptomycin, and 1% L-glutamine (all from Gibco-
BRL, Grand Island, New York).

FLOW CYTOMETRY

To detect PD-1 expression on T cells, approximately 1 million
PBMCs per sample were stained with CD8 fluorescein isothio-
cyanate, CD26 phycoerythrin, CD4 peridinin chlorophyll pro-
tein complex, and PD-1 allophycocyanin (all from BD Pharm-
ingen, San Jose, California) for 30 minutes on ice. Cells were
analyzed with the FACS Calibur flow cytometer using CELLQuest
software (BD Biosciences, San Jose) at the Flow Cytometry and
Cell Sorting Core, Abramson Cancer Center, University of Penn-
sylvania. Approximately 50 000 cells were collected for each
analysis.

STIMULATION WITH ANTI-CD3/CD28
ANTIBODIES: ASSESSMENT OF PD-1

EXPRESSION AND IFN-� LEVELS
AFTER PD-1/PD-L1 BLOCKADE

Freshly isolated PBMCs from patients and HDs were plated at
a density of 1�106/mL per well in the presence or absence of
anti-CD3/CD28 antibodies (R&D Systems, Minneapolis, Min-
nesota) (0.5 µg each) with medium alone, isotype control anti-
body (eBioscience, San Diego, California) (17 µg/mL), purified
anti PD-1 (R&D Systems) (17 µg/mL), or purified anti–PD-L1
(eBioscience) (17 µg/mL). Cells were incubated at 37°C in 5%
carbon dioxide for 72 hours prior to the collection of super-
natants for cytokine analysis or assessment of PD-1 expres-
sion on cultured CD4� T cells by flow cytometry.

ELISA FOR CYTOKINE ANALYSIS

Culture supernatants were harvested at 72 hours and stored at
−80°C until analysis (not exceeding 3-4 weeks). Interferon �
production was detected by enzyme-linked immunosorbent as-
say (ELISA) according to the manufacturer’s recommenda-
tions using a DuoSet ELISA kit (R&D Systems) (sensitivity for
IFN-�: 10 pg/mL).

STATISTICAL ANALYSIS

Data are expressed as means (SDs) in Figure 1 for tested in-
dividuals. Statistical significance was determined using the t test
when applicable.

RESULTS

SIGNIFICANT INCREASE IN CIRCULATING
PD-1�CD4� T CELLS FROM PATIENTS WITH

SS COMPARED WITH CD4� T CELLS
FROM THOSE WITH MF OR HDs

Increased levels of PD-1 or its ligand PD-L1 have been
observed on so-called exhausted T cells during chronic
viral infections and on various tumor cells.13,15,16,25,27,28
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We postulated that a similar increase in PD-1/PD-L1
expression would be evident on T cells of patients with
SS. Seven patients with SS (of a total of 14 patients
tested), 4 patients with MF, and 5 age-matched HDs
were tested for PD-1 expression in association with
CD4, CD8, and CD26 by flow cytometry using antibody
against PD-1. The PD-1�CD4� T cells were significantly
increased in patients with SS compared with CD4� T
cells from patients with MF or age-matched HDs
(P� .01) (Figure 1). The percentage of PD-1� CD8� T
cells from patients with SS, although increased in com-
parison to those from HDs, was not statistically signifi-
cant (P =.05) (data not shown). Expression of PD-L1 or
PD-L2 was not detected on either population of T cells.
However, variable and/or low-level expression of PD-L1
(range, 0.5%-7.4%) was observed on CD14� monocytes
from some, but not all, HDs and patients (data not
shown). It is noteworthy that the CD4�CD26− popula-
tion from patients with SS (range, 20%-98% of CD4� T
cells) showed a small, but statistically insignificant
(P=.42), upregulation of PD-1 expression compared
with the CD4�CD26� population (range, 2%-80% of
CD4� T cells) (Figure 1).

T-CELL RECEPTOR ACTIVATION AND
UPREGULATION OF PD-1 EXPRESSION

ON CD4� T CELLS FROM PATIENTS WITH SS

To further investigate the underlying mechanisms re-
sponsible for upregulated PD-1 expression on patients’
CD4� T cells, we examined the effect of anti-CD3/
CD28, IFN-�, or IFN-� on the expression of PD-1. The
engagement of the T-cell receptor by anti-CD3/CD28 led
to enhanced expression of PD-1 on CD4� T cells from
12 patients with SS. Stimulation of PBMCs from pa-
tients with a low to medium tumor burden (and from HDs;

data not shown) with anti-CD3/28 resulted in an in-
crease in the percentage of PD-1 expression on both
CD4�CD26− and CD4�CD26� T cells, and an increase
in density of PD-1 molecules on the surface of those cells
(mean fluorescent intensity [MFI], 1.2- to 1.3-fold in-
crease, respectively) (Figure 2A). In contrast, patients
with a high tumor burden did not demonstrate an in-
creased percentage of PD-1� within CD4�CD26− T cells.
However, an increase in MFI (1.0-fold) suggests an in-
crease in density of PD-1 molecules on some CD4�CD26−

T cells on TCR stimulation. The CD4�CD26� popula-
tion maintained the ability to upregulate expression of
PD-1 on anti-CD3/CD28 engagement, resulting in an in-
creased percentage of CD4�PD-1� T cells and intensity
of PD-1 expression on cell surfaces (1.2-fold increase in
MFI) (Figure 2B).

Both IFN-� and IFN-� have been used as therapeutic
modalities for CTCL, and consequently we theorized
that they might play a role in the expression of PD-1.
However, findings from cultures of PBMCs from pa-
tients and HDs for 3 days with either interferon (at 10
ng/mL) did not alter the expression profile of PD-1 on
CD4� T cells. Both interferons also failed to upregulate
PD-L1 on T cells, but in concordance with previously
published data, IFN-�, and, to a lesser extent, IFN-�
were able to upregulate expression of PD-L1 on mono-
cytes (data not shown).29

PD-1/PD-L1 BLOCKADE AND
ENHANCED IFN-� PRODUCTION

The expression of PD-L1 on monocytes of some pa-
tients (4 patients; range, 0.7%-7.4% of CD14� T cells),
although low, suggested the potential for the engage-
ment of the PD-1/PD-L1 pathway to affect the end pro-
duction of cytokines, such as IFN-�. To analyze the
effect of blocking PD-1 and PD-L1 on cytokine produc-
tion, we performed coculture assays using PBMCs from
6 patients with SS and 2 HDs in the presence of block-
ing antibody to PD-1 or PD-L1. We incubated the cells
in medium alone or in the presence of CD3/CD28 to de-
termine a change in IFN-� production. After the cells
had been in the culture for 72 hours, we noted en-
hanced production of IFN-� in 3 of 6 patients and 1 HD
when cells were activated with anti-CD3/CD28 in the
presence of blocking antibodies (Figure 3). It is worth
noting that 2 of 3 patients demonstrated increased
IFN-� production resulting from the blockade of both
PD-1 and PD-L1, while 1 patient demonstrated in-
creased IFN-� production in the presence of PD-1
blocking antibody alone.

CORRELATION OF DECREASE IN PD-1
EXPRESSION WITH CLINICAL IMPROVEMENT

To further our understanding of the biological signifi-
cance of PD-1 expression on patients’ CD4� T cells, we
examined PBMCs from patients collected at different times
and different stages of disease. In 1 patient with SS, clini-
cal remission in association with clearing of circulating
malignant T cells correlated with progressive changes
of PD-1 expression on CD4� T cells from initial high
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Figure 1. Increased expression of programmed death-1 (PD-1) on CD4�

T cells from patients with Sézary syndrome (SS). The peripheral blood
mononuclear cells from patients with SS (n=7), patients with mycosis
fungoides (MF) (n=4), and healthy donors (HDs) (n=4) were stained with
anti-CD4, anti–PD-1, and anti-CD26, and were analyzed by flow cytometry.
The percentage of CD4�PD-1� is demonstrated according to patient
population and CD26 status. Error bars indicate the standard deviation of
uncertainty.
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Figure 2. Activation of CD4�CD26− T cells by anti-CD3/CD28 antibodies varies between patients with a low and high tumor burden in circulation. The peripheral
blood mononuclear cells were isolated from either a patient with a low tumor burden (A) or a high tumor burden (B) and were cultured with medium alone or with
anti-CD3/CD28. After 48 hours of stimulation, cells were harvested, stained with antibodies, and analyzed by flow cytometry. In both A and B, the top panels
demonstrate cells cultured with medium alone, and the lower panels demonstrate cells cultured with anti-CD3/CD28 antibodies. Panels on the left reveal the
expression of CD26 on CD4� T cells, the center panels reveal the expression of programmed death-1 (PD-1) on the CD4�CD26− population, and panels on the
right reveal the expression of PD-1 on the CD4�CD26� population. The numbers in the quadrants represent the percentages of cells that are double positive for
each condition, and the numbers in parentheses represent the mean fluorescent intensity for PD-1 expression. Results shown are representative of a total of 12
patients tested. APC indicates allophycocyanin; FITC, fluorescein isothiocyanate; PE, phycoerythrin; and PerCP, peridinin chlorophyll protein complex (all from BD
Pharmingen, San Jose, California).
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levels at the time of diagnosis to normal levels as the pa-
tient responded to immunotherapy (Table).

COMMENT

Our study demonstrates increased PD-1 expression on
circulating CD4� T cells of patients with SS compared
with CD4� T cells of patients with MF and HDs. To our
knowledge, this has not been previously described in pa-
tients with SS. The presence of PD-1 on CD4�CD26− T
cells, currently defined as the malignant population of
cells in CTCL, implies a role for an increase in PD-1 ex-
pression in tumor progression. This is demonstrated in
the case of adult T-cell leukemia lymphoma, in which
the neoplastic T cell, characterized by a CD4�CD25� phe-
notype, demonstrates increased PD-1 expression with a
correlative increase in the absolute number of tumor
cells.16 However, in patients with SS, PD-1 is not limited
to the malignant population of cells but is also found on
CD4�CD26� T cells, considered normal and immuno-

competent. Additional studies on the mechanisms re-
sponsible for the upregulation of PD-1 on patients’ CD4�

T cells demonstrated upregulated PD-1 expression on both
CD4�CD26� and CD4�CD26− T cells on T-cell receptor
activation. Interestingly, an increase in the percentage of
PD-1� CD4�CD26− T cells was apparent only in pa-
tients with a low to medium tumor burden and not in
those with a high tumor burden, despite the presence of
CD3 on their surface. Similarly, as we have previously
reported, these patients also fail to upmodulate CD40
ligand on their CD4� T cells in response to anti-CD3
ligation.30

Our data suggest that increased expression of PD-1
on CD4� T cells from patients with SS results mainly from
activation of the TCR on patients’ CD4� T cells with pu-
tative tumor antigen. Furthermore, both CD4�CD26� and
CD4�CD26− populations, comprising normal immuno-
competent cells and malignant cells, respectively, are ac-
tivated, particularly in patients with low tumor burden,
suggesting a less clearly defined population of potential
tumor cells than previously assumed. The “normal”
CD4�CD26� T cells may in fact contain a subset of cells
that have not yet lost CD26 on their cell surface and rep-
resent an activated phenotype resulting from ongoing
stimulation with tumor antigen. In addition, the
CD4�CD26− T cells may contain a subset of cells that are
still sensitive to TCR stimulation implicated by an in-
crease in intensity of PD-1 expression (MFI) on
CD4�CD26− T cells in patients with a high tumor bur-
den. As tumorigenesis progresses, there seems to be a di-
minished capacity of peripheral blood T cells to re-
spond to TCR stimulation. These malignant cells may
represent an “exhaustion” phenomenon, suggesting that
the level of PD-1 expression likely correlates with an im-
paired T-cell response.14 At present, more detailed stud-
ies are needed to fully understand the mechanism re-
sponsible for the impairment of TCR signaling in patients
with a high tumor burden.

In the case of 1 patient followed longitudinally, we
noted a clear correlation between a decrease in PD-1 ex-
pression with improvement in clinical disease. The change
in percentage of CD4�PD-1� T cells paralleled a de-
crease in the CD4:CD8 ratio and a decrease in the abso-
lute numbers of the CD4�CD26− population in the
circulation. Similar findings are noted in human immu-
nodeficiency virus, in which PD-1 expression is shown
to correlate positively with plasma viral load and in-
versely with a CD4� T-cell count.14 As a result, de-
creased expression of PD-1 that correlates with improve-
ment of disease status may result from either a diminished
number of tumor cells expressing PD-1 owing to therapy,
a loss of PD-1 on exhausted immune-compatible cells and
recovery of immune function owing to therapy, or a com-
bination of both. Of note, our previous study31 of pa-
tients with SS revealed normalization of dysregulated im-
mune functions during remissions induced by immune
modulatory therapy.

Blockade of the PD-1/PD-L1 pathway revealed a rela-
tive increase in IFN-� production by PBMCs of patients
with CTCL. Patients with active CTCL demonstrate a
skewed cytokine profile, resulting in a deficiency of IFN-�
production. Interferon � is critical for the generation of
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Figure 3. Blocking the pathway of programmed death-1 (PD-1) and its
ligand PD-L1 results in increased interferon � (IFN-�) production by patients’
peripheral blood mononuclear cells (PBMCs) stimulated with anti-CD3/CD28.
The PBMCs of patients with Sézary syndrome were cultured for 72 hours
with either medium or anti-CD3/CD28 alone, and with the following: murine
IgG (mIgG), anti–PD-1, or anti–PD-L1. Subsequently, culture supernatants
were collected and tested for the presence of IFN-�. There was no detectable
level of IFN-� in samples treated with medium only (data not shown).

Table. Decrease in PD-1 Expression Correlating
With Clinical Improvement of Diseasea

Date
CD4�PD-1�

T Cells, % CD4:CD8
CD4�CD26−

T Cells, %

April 2007 24 16 63
December 2007 75 23 79*LCP
March 2008 57 80 87
August 2008 6 1 6

Abbreviations: LCP, large-cell population; PD-1, programmed death-1;
asterisk, the evidence of a malignant LCP, which correlates with a peak in the
percentage of PD-1 expression.

aPeripheral blood mononuclear cells from 1 patient were collected over 1
year and examined for PD-1 and CD26 expression on CD4� T cells and for
the ratio of CD4:CD8.
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antitumor immunity and plays an important role in sta-
bilizing a TH1 phenotype,32 particularly when used as a
therapeutic agent.33 In studies using human T cells, ac-
tivation of those cells using anti-CD3 in the presence of
PD-L1 demonstrates decreased IFN-� secretion.12 Re-
covery of IFN-� production in some patients with CTCL
during PD-1/PD-L1 blockade implies an operational
PD-1/PD-L1 pathway that may contribute to a skewed
cytokine profile. In the case of LCMV and human im-
munodeficiency virus infections, blockade of PD-L1 or
PD-L2 results in enhanced T-cell proliferation, cyto-
kine production, and restored function of exhausted CD8�

T cells.14,22

However, unlike PD-1, PD-L1 and PD-L2 are not fre-
quently or highly expressed on monocytes and den-
dritic cells of patients with CTCL without stimulation
by IFN-�. The engagement of the TCR, which provides
a strong signal for upregulation of PD-1 in patients with
a low to medium tumor burden, results in a rather weak
upregulation of PD-L1 or PD-L2 (data not shown). It is
therefore possible that blockade of this pathway, as our
results demonstrate, would not consistently result in up-
regulation of TH1 cytokine production and improve-
ment of T-cell responses in patients with CTCL.

One of the most important implications of fully un-
derstanding the role of both PD-1 and PD-L1 on malig-
nant T cells in CTCL relates to the application of novel
therapies. Blockade of PD-1 can increase immune acti-
vating cytokine production and may enhance function-
ing of cytotoxic T cells, which would lead to enhanced
disease eradication. Injection of tumors into PD-1 double-
negative mice has revealed increased effector cytokine pro-
duction, greater recruitment of T cells, and reduced spread
of tumor cells.34 To further develop PD-1–targeted therapy,
it will be necessary to acknowledge the complexity of its
role in T-cell homeostasis by considering treatment that
spares normal, immunocompetent T cells, induces a vig-
orous antitumor response, and avoids the consequence
of inducing autoimmune disease.

While PD-1 seems to act as a negative regulator of the
immune response, its function in T cells, specifically in
patients with SS, largely remains unclear. It is unknown
whether an increase in PD-1 expression serves to protect
tumor cells from elimination, particularly if PD-1 ligands
are not in abundance, or if it represents an “exhausted phe-
notype” of immunocompetent cells chronically stimu-
lated with tumor antigen. More detailed investigations are
needed to fully elucidate its role in this specific patient
population.
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hanced helper T type 1 cytokine production and natural killer cell activity. J Am
Acad Dermatol. 2001;45(2):208-216.

32. Nakamura T, Lee RK, Nam SY, Podack ER, Bottomly K, Flavell RA. Roles of IL-4
and IFN-gamma in stabilizing the T helper cell type 1 and 2 phenotype. J Immunol.
1997;158(6):2648-2653.

33. Hino R, Shimauchi T, Tokura Y. Treatment with IFN-gamma increases serum lev-
els of Th1 chemokines and decreases those of Th2 chemokines in patients with
mycosis fungoides. J Dermatol Sci. 2005;38(3):189-195.

34. Iwai Y, Terawaki S, Honjo T. PD-1 blockade inhibits hematogenous spread of
poorly immunogenic tumor cells by enhanced recruitment of effector T cells. Int
Immunol. 2005;17(2):133-144.

Archives Feature

Free color publication if color illustrations en-
hance the didactic value of the article.

(REPRINTED) ARCH DERMATOL/ VOL 146 (NO. 12), DEC 2010 WWW.ARCHDERMATOL.COM
1388

©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


