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Extracorporeal photopheresis (ECP) has been established as an effective treatment modal-
ity for patients with chronic extensive graft-versus host disease (GVHD). In the present
study, we evaluated the influence of ECP on the numbers of CD4+, CD8+, CD20+, CD56+
cells, and on T-regulatory (Tregs), as well as on the numbers of naïve, central memory
(CM), and effector memory (EM) T-cells in patients treated for refractory chronic GVHD.
Flow cytometric analysis of peripheral blood lymphocytes was performed for the
calculation of the different T-cell subsets. Patients with GVHD had a higher percentage
of EM-CD4+ cells in comparison with healthy donors (p = 0.046). The percentages of
naïve-CD8+, naïve-CD4+, CM-CD8+, CM-CD4+, EM-CD8+, and Tregs were not different
between patients with GVHD and healthy donors. Similarly there was no statistical differ-
ence in the percentages of naïve, CM, and EM CD4+ and CD8+ cells before and after
3 months of treatment with ECP. However, in the subset of Tregs a statistically significant
increase was observed after 3 months of treatment with ECP (p = 0.015). Responders to ECP
had statistically significantly higher absolute numbers of CD4+, and CD8+ cells, in compar-
ison with non-responders. These data further support the concept that ECP does not cause
immune-suppression, but should be better considered as an immune-modulating
treatment.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Allogeneic stem cell transplantation (Allo-SCT) remains
the only therapeutic modality with a curative potential for
various hematological malignancies refractory to standard
. All rights reserved.

nt of Internal Medi-
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chemotherapy regimens. Despite its therapeutic activity,
Allo-SCT is associated with significant morbidity and mor-
tality. Chronic graft-versus-host disease (cGVHD) repre-
sents the most serious late complication after Allo-SCT,
with a significant negative impact on quality of life, and
long-term survival. Immunosuppressive treatment with
corticosteroids in combination with calcineurin inhibitors
is currently the standard of care for patients with cGVHD
[1]. However, for the vast majority of patients with
extensive cGVHD, treatment needs to be prolonged over
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many months or even years, resulting in impaired immune
reconstitution and increased incidence of life-threatening
infections. Extracorporeal photopheresis (ECP) was intro-
duced into the clinical practice almost two decades ago,
as an approved treatment for patients with cutaneous
T-cell lymphomas [2]. During the previous years, a large
number of non-randomized trials showed the effectiveness
of ECP in the treatment of steroid-refractory cGVHD [3].
Recently, in a prospective randomized trial conducted by
Flowers et al. ECP showed significant activity in the treat-
ment of cGVHD, especially in patients with skin disease
[4]. Moreover, it seems that the efficacy of ECP is mediated
through an immune-modulating effect, since ECP does not
cause immune-suppression, and it is not associated with
increased incidence of infections or relapse rates. Despite
the proven activity of ECP in the treatment of GVHD, much
less is known about its mechanisms of action.

In the present study, we evaluated the influence of ECP
on the numbers of various lymphocyte subsets such as:
CD3+/CD4+, CD3+/CD8+, B-cells, and natural killer cells
(NK) as well as the influence of ECP on various T-cell sub-
sets such as: T-regulatory, naive, central memory, and
effector memory T-cells in patients treated for extensive
chronic GVHD.
2. Materials and methods

2.1. Patients

We examined the influence of ECP in two different co-
horts of patients with chronic GVHD.

Cohort 1 served as the study group for evaluation of the
influence of ECP on the following lymphocyte subpopula-
tions: CD4+, CD8+, B-cells, and NK-cells. Cohort 1 consisted
of 39 consecutive patients with chronic GVHD treated with
ECP in the same institution (Thessaloniki).

Cohort 2 served as the study group for evaluation of the
influence of ECP on the following T-cell subsets: T-regula-
tory (Tregs), naive, central memory (CM), and effector
memory (EM) T-cells. Cohort 2 consisted of eight consecu-
tive patients with various hematological malignancies who
underwent Allo-SCT and subsequently developed chronic
GVHD refractory to standard immunosuppression. All eight
patients treated with ECP in the same institution (Athens).
All patients in both cohorts gave informed consent before
treatment.
2.2. Diagnosis and staging of GVHD

Diagnosis and staging of chronic GVHD was performed
using the global scoring system for chronic GVHD, pro-
posed by the National Health Institute Working Group for
GVHD. Briefly, organs or anatomical sites considered for
scoring included skin, mouth, eyes, gastrointestinal tract,
liver, lungs, joints, fascia, and female genital tract. The
severity of GVHD in each organ or site was scored accord-
ing to a four-point scale, from 0 (no involvement) to 3
(severe involvement) [5].
2.3. Treatment schedule

ECP was performed, using the device THERAKOS-UVAR
XTS (Johnson & Johnson) according to standard protocols
[6].

2.3.1. Cohort 1
All patients were treated with ECP until maximal re-

sponse or progression of GVHD. Treatment schedule was
as follows. First month of treatment: two consecutive
ECP-procedures every week for a total of eight procedures.
Thereafter two consecutive ECP – procedures were per-
formed every 2 or 4 weeks according to clinical response
at the discretion of the responsible physician. Treatment
with ECP was discontinued in the following circumstances:
GVHD progression, relapse of malignancy, 1–2 months be-
yond the achievement of maximal response.

2.3.2. Cohort 2
All patients were treated with ECP for at least

6 months. Treatment schedule was as follows. First month
of treatment: two consecutive ECP-procedures every
week for a total of eight procedures. Second and third
month of treatment: Two consecutive ECP – procedures
every second week for a total of four procedures per
month. Fourth, fifth, and sixth month of treatment: two
consecutive ECP-procedures every month.

2.4. Response to treatment

Response to treatment was evaluated using the provi-
sional response criteria proposed by the National Health
Institute Working Group for response in chronic GVHD.
In more detail, for an objective estimation of response we
used the ‘‘Chronic GVHD Data Collection Forms’’ (http://
www.asbmt.org/GvHDForms) [7].

2.5. Flow cytometry

2.5.1. Cohort 1
Peripheral blood (PB) samples were taken from patients

at the onset, and 3, 6, 9, and 12 months after the onset of
treatment with ECP. Evaluation of the absolute numbers
of CD3+/CD4+, CD3+/CD8+, CD20+, and CD56+ was per-
formed using flow cytometry.

2.5.2. Cohort 2
In order to examine the influence of ECP on T-cell sub-

sets, PB was collected before and 3 months after treatment
with ECP. PB was also collected from 29 healthy volunteer
donors who served as the control group. All healthy volun-
teer donors gave informed consent.

A standardized methodology was used for the prepara-
tion of specimens. EDTA anticoagulated PB specimens were
collected and processed within 4–6 h using (a) Immuno-
prep™ Reagent System [Beckman Coulter (BC), Miami]
for red cell lysing and surface markers staining and (b)
IntraPrep™ Permeabilisation Reagent (BC) and (c) FoxP3
Staining Set (eBioscience, San Diego) for cytoplasmic mark-
ers staining. Three- and four-color MFC was performed on
an EPICS Coulter XL-MCL™ Flow Cytometer (BC) using
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Fig. 1. Cumulative incidence of overall response to ECP (Cohort 1).
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commercially available reagents and the appropriate stain-
ing procedures recommended by the manufacturing com-
pany. The panel of monoclonal antibodies included: (a)
fluorescein isothiocyanate (FITC): CD25, CD45RO, and
CCR7 (b) phycoerythrin (PE): CD45RA, CD127, FoxP3, and
CD62L (c) PE-Texas Red-x (ECD): CD4 and (d) PE-Cyanin
5 (PC5): CD4 and CD25. FoxP3 molecules were detected
by intracellular staining. All the other molecules were de-
tected by surface staining.

The following phenotypic expression profiles were used
for the calculation of various T-cell subpopulations in pa-
tients and healthy volunteer donors. (1) CD3+ cells,
CD3+/CD4+ cells, and CD3+/CD8+ cells. (2) Naïve-CD4
(RA+, CCR7+, CD62Lhigh), central memory CD4 (CM-CD4)
(RA-, CCR7+, CD62Lhigh), and effector memory CD4+ cells
(EM-CD4) (RA-, CCR7-, CD62Llow). The results were given
as absolute numbers as well as percentage of the total
CD4+ cells. (3) Naïve-CD8 (RA+, CCR7+, CD62Lhigh), central
memory (CM-CD8) (RA-, CCR7+, CD62Lhigh), and effector
memory CD8+ cells (EM-CD8) (RA-, CCR7-, CD62Llow).
The results were given as absolute numbers as well as per-
centage of the total CD8+ cells. (4) T-regulatory cells
(Tregs). The results were given as percentage of the total
CD4+ cells. Two different phenotypic expression profiles
were used for the estimation of Tregs: (a) Tregs1 (CD4+,
CD25strong+, CD127low), and (b) Tregs2 (CD4+, CD25strong+,
FoxP3+).

2.6. Statistical analysis

A two-sided Mann–Whitney U test was used for com-
parison between non-paired samples. Wilcoxon test was
used for comparison between paired samples. Fisher’s ex-
act test was used for comparison between categorical vari-
ables. All comparisons were two-tailed. P values less than
0.05 were considered statistically significant.
3. Results

3.1. Response to treatment

3.1.1. Cohort 1
Four patients died before completion of treatment with

ECP. Twenty-five patients showed an objective response to
ECP, five patients progressed while on treatment with ECP,
while five patients had no response. The median time to re-
sponse was 8 weeks (range, 2–16 weeks). The cumulative
incidence of overall response to ECP was 75.4% (CI 95%,
61.9–91.9%) (Fig. 1).

3.1.2. Cohort 2
One patient discontinued treatment with ECP due to

early relapse of the malignant disease. Treatment with
ECP was effective in two out of seven patients. One patient
presented with extensive scleroderma affecting almost all
of his body surface area. After the completion of a 28-
month course of treatment with ECP, he achieved complete
resolution of skin scleroderma and immunosuppression
was discontinued. Another one patient with extensive scle-
rodermatous changes had a partial skin response, but not
allowing for any decrease in immunosuppression. Three
patients had progressive GVHD while on treatment with
ECP, while no response was observed in two patients.
3.2. Influence of ECP on CD4+, CD8+, CD20+, and CD56+
lymphocyte subsets (Cohort 1)

Patients in Cohort 1 were divided in those who re-
sponded to ECP (25 patients) and in non-responders (14
patients). The absolute numbers of lymphocyte subsets
(CD4+, CD8+, CD20+, and CD56+) at the onset of treatment
and after 1 month of treatment with ECP were not different
between responders and non-responders to ECP (data not
shown). Three and 6 months after the onset of ECP
responders had higher absolute numbers of CD4+ and
CD8+ cells in comparison with non-responders to ECP
(Fig. 2). No difference in the absolute numbers of CD20+,
and CD56+ cells was observed between responders and
non-responders to ECP (data not shown).
3.3. Influence of GVHD on T-cell subpopulations (Cohort 2)

The percentages of naive-CD8+, CM-CD8+ and EM-
CD8+ cells (among total CD8+ cells) were not different be-
tween patients with GVHD and healthy donors (p = 0.12,
0.88, and 0.11, respectively). Similarly the percentages
of naive-CD4+, and CM-CD4+ (calculated among total
CD4+ cells) were not different between patients with
GVHD and healthy donors (p = 0.12, 0.10, respectively).
Patients with GVHD had a higher percentage of EM-
CD4+ cells in comparison with healthy donors
(p = 0.046). The percentages of Tregs cells were not differ-
ent between patients with GVHD and volunteer donors



Fig. 2. Influence of ECP on CD4+, CD8+, CD20+, and CD56+ lymphocyte subsets (Cohort 1).
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(p = 0.32, and 0.49 for T-regs1 and T-regs2, respectively)
(Figs. 3 and 4).

3.4. Influence of ECP on T-cell subpopulations (Cohort 2)

ECP did not have any effect on the following T-cell
subsets: the percentages of naive-CD4+, CM-CD4+, and
EM-CD4+ (among total CD4+ cells) were not significantly
different before and after 3 months treatment with ECP
(p = 0.35, 0.56, and 0.37, respectively). Similarly, there
was no significant difference in the percentages of naive-
CD8+, CM-CD8+, and EM-CD8+ cells before and after
3 months of treatment with ECP (p = 0.43, 0.81, 0.68)
(Fig. 5).
3.5. Influence of ECP on Tregs (Cohort 2)

However, in the subset of Tregs a statistically significant
increase was observed after 3 months of treatment with
ECP (p = 0.015) (Fig. 6). The same result was obtained irre-
spectively of the method used for the estimation of Tregs
(Tregs1 or Tregs2).

4. Discussion

ECP was introduced in the clinical practice in 1987 as an
effective treatment modality for a subset of patients with
CTCL, such as erythrodermic mycosis fungoides and Sezary
syndrome [8]. The therapeutic potential of ECP was tested



Fig. 3. Influence of GVHD on EM-CD4+, CM-CD4+, EM-CD8+, and CM-CD8+ cells. Comparison between patients with chronic GVHD and healthy donors.
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in many diseases, and ECP proved to be effective in various
autoimmune and alloimmune disorders, such as, solid or-
gan graft rejection, GVHD, systemic sclerosis, etc. ECP pro-
cedure consists of four steps: (1) collection of peripheral
blood mononuclear cells (buffy coat fraction), (2) ex-vivo
incubation of mononuclear cells with 8-methoxypsoralen
(8-MOP), (3) irradiation of cells with UVA, (4) reinfusion
of treated cells to the patient [9]. The effects of ECP, on
ex-vivo treated mononuclear cells have been extensively
studied in the past. Photoactivation of 8-MOP after UVA
irradiation results in DNA damage due to cross-linking
between the DNA strands, followed by the activation of
apoptotic machinery. T-lymphocytes are sensitive to
ECP-effects and laboratory evidence of apoptosis has been
observed in more than 80% of the treated cells, within 24 h
after ECP. Monocytes are resistant to ECP apoptotic stimuli,
and probably due to adherence to plastic surface differen-
tiate to immature dendritic cells with enhanced phagocytic
ability [9].

Previous studies examined the effect of treatment with
ECP on T-cell subsets in small number of patients (10–11
patients) with chronic GVHD. Interpretation of data
showed that the absolute number of various T-cell subsets
(CD4+, and CD8+ cells) increased towards to normal values
in patients with chronic GVHD who responded to
treatment with ECP, while T-cell subpopulations remained
low in non-responders [10,11]. We examined the effect of
ECP in a large number of patients (no = 39), and similar to
previous studies we observed statistically significantly
higher absolute numbers of CD4+ and CD8+ cells in
responders soon after the initiation of treatment with
ECP (3rd month). The higher CD4+, CD8+ counts in
responders could not be attributed to withdrawal of
immunosuppression since no discontinuation or tapering
of immunosuppression occurred during the first 3 months
of treatment. Therefore it is reasonable to assume that
slowing down the allo-reactive process results in augmen-
tation of immune reconstitution. These data further sup-
port the concept that ECP does not cause immune-
suppression, but should be better considered as an im-
mune-modulating treatment.

The pathophysiology of chronic GVHD remains poorly
understood however, it is accepted that donor derived,
anti-host reactive, T cells play a significant role. Human
T-cells can be divided into three distinct populations:
(1) naïve T-cells (CD45RA+, CCR7+, CD62Lhigh), (2) central
memory T-cells (CD45RA-, CCR7+, CD62Lhigh) and, (3)
effector memory T-cells (CD45RA-, CCR7-, CD62Llow).
Chemokine receptor CCR7 and CD62L (L-selectin) are
expressed on the surface of cells destined to travel from



Fig. 4. Influence of GVHD on naïve T-cells and T-regulatory cells. Comparison between patients with chronic GVHD and healthy donors.
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peripheral blood to secondary lymphoid organs. Central
memory T-cells are antigen-experienced, migrate from
peripheral blood to secondary lymphoid organs, and retain
the capacity to differentiate into effector memory cells
after antigen re-challenge. Conversely, effector memory
cells migrate from peripheral blood to tissues and are ac-
tively involved in inflammation and cytotoxicity. In
healthy individuals, central memory CD4+, T-cells are pre-
dominant in peripheral blood [12].

In a previous study, Yamashita et al. showed that severe
chronic GVHD is characterized by an increased percentage
of peripheral blood EM-CD4+, in relation to CM-CD4+ cells.
Patients with cGVHD had a higher percentage of EM-CD4+
cells (35%), than healthy donors (13.8%), or patients with-
out cGVHD (21.7%) and these differences were statistically
significant [13].

Authors postulated that increased in vivo T cell stimula-
tion observed in recipients with cGVHD promotes the
transition of central memory to effector memory cells,
resulting in the decrease of the central memory CD4+
T-cell pool. In a similar trial, authors showed that patients
with cGVHD had a higher percentage of CM-CD8+, and a
lower percentage of CM-CD4+ cells in comparison with
healthy donors or patients without GVHD. Treatment with
ECP resulted in restoration of T-cell subsets in responding
patients [14].

In accordance with published data, we also observed
that patients with GVHD had a higher percentage of EM-
CD4+ cells in comparison with healthy donors. However,
we did not observe any influence of treatment with ECP,
on the various T-cell subpopulations. The percentages of
these T-cell subsets were not significantly different in pa-
tients with GVHD before and after 3 months of treatment
with ECP. The association, if any, of the different peripheral
blood T-cell subsets with the clinical course of cGVHD
should be further explored in a larger number of patients.

Tregs cells are an important component of peripheral
immune tolerance and reduced levels have been observed
in various autoimmune disorders as well as in cGvHD. In a
murine model, the infusion of high levels of Tregs has been
demonstrated to reduce acute GvHD mortality [15], while
high levels of donor Tregs have been associated with a
low risk of acute GvHD [16]. There are conflicting data
regarding the percentage of Tregs in cases with chronic
GVHD, as both increased and decreased levels have been
reported [17,18]. In the present study, we did not observe
any difference in the percentages of Tregs between pa-
tients and healthy donors.



Fig. 5. Influence of ECP on EM-CD4+, CM-CD4+, EM-CD8+, and CM-CD8+ cells. Comparison between values before and after 3 months treatment with ECP.

Fig. 6. Influence of ECP on Tregs. Comparison between values before and
after 3 months treatment with ECP.
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Previous studies assessing the efficacy and mechanism
of action of ECP in the treatment of GVHD, and prevention
of solid organ rejection, showed a significant increase in
the percentage of Tregs post treatment [19–23]. However
the influence of ECP on Tregs has been explored in a
limited number of patients with chronic GVHD, and
requires further investigation.
In accordance to previous reports, in our study, we ob-
served a significant increase in the percentage of Tregs
after 3-months of treatment with ECP. Moreover, the great-
est increase in Tregs was observed in the only patient who
achieved complete skin response.

Generation of regulatory T-cells after treatment with
ECP remains a topic of active research. Immature dendritic
cells (DCs) upon exposure to microbial products, receive
the so called ‘‘danger signals’’, differentiate into mature
DCs, migrate in regional lymph nodes and finally activate
antigen-specific T-cells. On the contrary, DCs acquire a tol-
erogenic phenotype after phagocytosis of apoptotic cells
(ACs) [24]. Under normal conditions, apoptotic cells,
resulting from the normal cellular turnover, are removed
by DCs. Engulfment of apoptotic cells represents the basic
mechanism of peripheral tolerance. ECP induces massive
apoptosis of lymphocytes. Apoptotic bodies are removed
by various cell types and among them, antigen professional
cells (like immature DCs) are the more efficient. Recogni-
tion of ACs is mediated through specific receptors on
DCs. These receptors recognize ligands such as phosphat-
idyl serine and oxidized lipids expressed on ACs. Previous
studies showed that ingestion of ACs by DCs regulates
immune responses. Immune regulation occurs primarily
by a functional shift of DCs to a tolerogenic profile.
Tolerogenic DCs do not stimulate T cells and may induce
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tolerance using several different mechanisms, including
generation of Tregs [25,26].

In conclusion, refractory chronic GVHD represents a
major challenge for the treating physician. ECP is a prom-
ising therapeutic modality with an excellent safety profile.
The mechanism of action of ECP, as well as parameters pre-
dictive of response need to be further explored in future
studies. Understanding the mechanism of action of ECP
might lead to innovative and more effective immune toler-
ance therapeutic modalities.
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