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Abstract

Extracorporeal photopheresis (ECP) is an important second-line therapy for graft-versus-host disease.
A central therapeutic mechanism is the induction of immune tolerance through apoptosis in patient’s leu-
kocytes, caused by ex vivo incubation with 8-methoxypsoralen (8-MOP) and subsequent UVA irradiation.

We hypothesized that different 8-MOP incubation times and an additional 8-MOP removal step
could influence the apoptosis kinetics of leukocytes in general and in particular could lead to different
apoptotic levels in the leukocyte subpopulations. After 8-MOP/UVA treatment of human leukocytes, cells
were cultured and the percentage of annexin V positive cells from several leukocyte subpopulations was
determined. Only regulatory T cells (Tregs) were relatively resistant to 8-MOP/UVA induced apoptosis.
When cells were incubated for 30 minutes with 8-MOP prior to UVA exposure, higher percentages of
annexin V positive cells were detected on day 1 and day 2 after treatment. Removal of 8-MOP after
UVA exposure caused no significant changes in the apoptosis kinetics during the 72 h culture period
compared with unwashed cells. The results of our in vitro study indicate that it could be possible to
adjust the apoptosis kinetics via modulation of the 8-MOP incubation time. In further in vivo studies it
should be elucidated to which extent different apoptosis kinetics influence the therapeutic effect of ECP
since steady-state apoptosis levels are probably important for establishing a long lasting immune toler-
ance. Furthermore we found that Tregs, according to their well-known tolerogenic function, are more
resistant to apoptosis after 8-MOP/UVA treatment compared to GvHD inducing T cell populations.
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Introduction

In many patients with leukemia or lymphoma, alloge-
neic hematopoietic stem cell transplantation (HSCT) is per-
formed in combination with chemotherapy and sometimes
radiation therapy to remove malignant cells and to prevent
relapses. However, allogeneic HSCT is linked to severe side
effects such as graft-versus-host disease (GvHD) which can
be fatal for the patient [1]. GVHD is still one of the most
challenging clinical problems after HSCT and GvHD thera-
py needs optimization for improved outcome.

Standard first-line therapy for GVHD is the treatment
with glucocorticoids causing generalized immunosuppres-
sion. However, patients after HSCT suffer from reduced
immune-competence and additional generalized immu-
nosuppression can lead to severe opportunistic infections.
Therefore, current research is focused on therapies without
generalized immunosuppression such as extracorporeal
photopheresis (ECP) [2]. ECP is often used as a second-line
GvHD therapy and even has potential to become a part of
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the first-line therapy [3]. The main advantage of ECP is the
induction of selective immune tolerance instead of unspecif-
ic immunosuppression [4]. After ECP therapy, no increase
in opportunistic infections could be observed [5]. The proce-
dure of ECP therapy begins with an apheresis step in which
about 10% of the patient’s peripheral leukocytes are har-
vested [6]. Subsequently, these leukocytes (mainly mononu-
clear cells) are incubated ex vivo with the DNA intercalator
8-methoxypsoralen (8-MOP). 8-MOP is activated by UVA
light leading to DNA double-strand breaks followed by cel-
lular apoptosis. Immediately after UVA irradiation 8-MOP
returns into the inactivated stage [7]. Afterwards, treated
leukocytes are reinfused into the patient.

The therapeutic effect of ECP is mediated by effects
initiated by the reinfusion of apoptotic cells rather than by
simple reduction of GvHD causing cytotoxic T-cells [8].
Following apoptotic cell infusion, dendritic cell differen-
tiation via platelet activation and induction of regulatory
T cells are important pathways leading to subsequent im-
mune tolerance [9,10].
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Cellular apoptosis is a physiological process inducing
immune tolerance in contrast to inflammation causing necro-
sis [11]. However, tolerance induction is a dose-dependent
process and too much or too little apoptosis is limiting the
therapeutic benefit [12]. In clinical protocols, about 10% of
the peripheral leukocytes are commonly used for a single ECP
procedure. However, recent publications suggest that lower
concentrations of ECP treated cells are also effective [13].
Beside considerations about the optimal ECP cell dose, apop-
tosis kinetics is probably another important factor. If too many
apoptotic cells have to be removed by the monocyte/macro-
phage system, inflammatory pathways are activated and tol-
erance induction might not occur [12]. Furthermore, a more
constant application of apoptotic cells is perhaps required to
establish and maintain a tolerogenic effect [14].

Based on these findings, different questions arise for the
identification of the most effective ECP protocol. For exam-
ple, since ECP is based on an apheresis procedure which is
a physical effort for patients and requires a sufficient venous
access, it cannot be performed as often as pharmaceutical
therapy. Usually ECP initiated for the treatment of acute
GvVHD is performed at weekly intervals on one or two con-
secutive days [15, 16]. As apoptosis is an important ECP
mechanism one might speculate that a continuous supply
and subsequent degradation of apoptotic cells would more
effectively establish immune tolerance compared with the
weekly therapy.

We hypothesize that although apoptosis of the treated
cell product is desirable, apoptosis of all cells should not
occur immediately after treatment but be more delayed over
the first days to achieve a prolonged or more constant level
of apoptotic cells. The central aim of our study was to find
out whether the time-dependent increase in the apoptosis
level of different leukocyte subpopulations in vitro can be
influenced by different 8-MOP/UVA treatment protocols.

Material and methods

Blood samples

All blood samples were obtained from healthy blood
donors who regularly attend the blood donation service of
the University Medical Center Gottingen. Altogether 36 do-
nors aged 18-65 years were included in the study. For each
treatment condition buffy-coats from nine different whole-
blood donations were used. All donors gave written consent
that a part of their blood donation can be used for scientific
purposes and procedures were performed in accordance with
the Declaration of Helsinki. The study was approved by the
local ethics committee of the University Medical Center
Gottingen (no. 18/6/12).

Mononuclear cells were enriched by Ficoll density-gra-
dient-centrifugation with Ficoll-Paque Plus (GE Healthcare
Biosciences AB, Uppsala, Sweden). Coagulation of blood
samples was prevented by sodium-citrate. Cells were sepa-

rated by centrifugation at 600 g for 20 minutes followed by
two platelet depletion steps with 100 g for 10 minutes each.

8-MOP and UVA treatment

A liquid solution of 8-MOP was produced by the phar-
maceutical department of the University Medical Center
Gottingen. Leukocytes were suspended in 25 cm? flasks
in 5 ml phosphate-buffered saline (PBS; Lonza, Verviers,
Belgium), incubated with 0.2 pg/ml 8-MOP and exposed
to UVA light (2 J/cm?). Four different conditions were
compared: in the first condition cells were incubated for
30 min with 8-MOP prior to UVA exposure. Following
UVA exposure, cells were washed once with PBS and
centrifuged at 500 g for 5 min for 8-MOP removal. In the
second condition, 8-MOP was given to the cell suspension
immediately before UV A exposure without pre-incuba-
tion. Subsequently, cells were washed for 8-MOP removal
in the same manner as in the first condition. In the third
condition, 8-MOP was added immediately before UVA
exposure like in the second condition but cells were resus-
pended after UVA exposure in culture medium without any
additional washing step with PBS. After 8-MOP and UVA
treatment, cells of all treatment groups were cultured with
RPMI-1640 medium (Gibco, Paisley, UK), 10% fetal calf
serum (Gibco, NY, USA) and 1% penicillin/streptomycin
(Gibco, NY, USA) at 37°C and 5% CO,. In the control
group, cells were cultured immediately after Ficoll sepa-
ration without any 8-MOP or UVA treatment.

Flow cytometry

Cells of all subgroups were stained with fluorescent
antibodies for different leukocyte antigens immediately
after 8-MOP/UVA treatment (day 0) and in addition after
1, 2 and 3 days in culture. Fc receptors were blocked for
10 min at room temperature (Human TruStain FcX, Bio-
Legend, San Diego, CA, USA). Anti-human CD45 (PE,
Clone 2D1, Mouse IgG1), CD4 (eFluor450, Clone RPA-T4,
Mouse IgG1), CD8 (PE, Clone SK1, Mouse IgG1) and
CD25 (APC, Clone BC96, Mouse IgG1) were purchased
from eBioscience, San Diego, CA, USA. Anti-human CD3
(PE, Clone HIT3a, Mouse IgG2a) was purchased from BD
Pharmingen (San Diego, CA, USA) and CD14 (APC, Clone
MS5E2, Mouse 1gG2a), CD19 (APC, Clone HIB19, Mouse
IgG1) and CD56 (APC, Clone HCD56, Mouse IgG1) from
BioLegend (San Diego, CA, USA). After staining of CD-an-
tigens on the cell surface, cellular apoptosis was detected
with annexin V. For annexin V-staining, cells were resus-
pended in annexin V Binding Buffer (BioLegend) and in-
cubated with FITC-labeled annexin V (BioLegend) for 10
minutes at room temperature prior to flow cytometry analy-
sis (FACS Canto II, BD Biosciences, San Jose, CA, USA).
Regulatory T cells were defined as CD4+ CD25+ cells with-
out performing FoxP3 staining, because intracellular FoxP3
binding needs permeabilization of the cell membrane which
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is not compatible with the annexin V assay. Even though
Tregs are identified in most of the current studies by CD4+
CD25+ FoxP3+ triple staining, different studies show that
in general 90-97% of all CD4+ CD25+ cells are FoxP3
positive [17, 18]. Analysis of flow cytometry data was per-
formed using the FACSDiva Software (BD Biosciences).

Statistics

In order to analyze the effects of culture duration and
8-MOP/UVA treatment condition on the apoptosis levels of
the corresponding leukocyte subpopulations, two-way repeat-
ed measures analysis of variance (ANOVA) were performed.
Subsequent to the ANOVA, subgroups were analyzed with
Tukey’s post-hoc test. P-values < 0.05 were defined as sta-
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Results

8-MOP/UVA treatment causes apoptosis in all
leukocyte subpopulations

Since steady-state levels of apoptotic cells are known
to induce immune tolerance, we wanted to investigate
whether changes in the 8-MOP/UV A protocol can influ-
ence the kinetics of apoptosis induction in the treated leu-
kocytes. In all treatment groups we observed a continuous
increase in annexin V positive cells during the culture pe-
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Fig. 1. Apoptosis of leukocytes and monocytes after different 8-MOP/UVA treatments. Leukocytes were stained for the
pan leukocyte marker CD45 and for annexin V as apoptosis marker and analyzed by flow cytometry (A). Monocytes were
detected by CD14 staining (B). Percentages of annexin V positive cells out of all CD45 or CD14 cells are shown in the bar
chart. Treatment conditions for Figs. 1-3: Without treatment (ctrl.), with 30 minutes’ 8-MOP pre-incubation and subsequent
washing step for 8-MOP removal before culturing (30 min pre-incubation + wash), with 8-MOP addition immediately before
UVA irradiation and subsequent 8-MOP removal before culturing (no pre-incubation + wash) and with 8-MOP addition
immediately before UVA irradiation without 8-MOP removal before culturing (no pre-incubation w/o wash). Apoptosis
of untreated ctrl. samples after 1, 2 and 3 days in culture was always significantly lower (p < 0.001) compared with treated
samples (Figs. 1-3). Other significant differences are depicted with * p < 0.05, ** p < 0.01 or *** p <0.001
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Fig. 2. Apoptosis of T cells after different 8-MOP/UVA treatments. Leukocytes were stained with CD3 as pan T cell
marker (A), CD4 as T helper cell marker (B), CDS as cytotoxic T cell marker (C) and with CD4 CD25 co-staining as
regulatory T cell marker (D). Percentages of annexin V positive cells out of all cells from the corresponding cell type are
shown in the bar charts. For treatment conditions, see legend of Fig. 1

Central European Journal of Immunology 2017; 42(1)



In vitro effects of different 8-methoxypsoralen treatment protocols for extracorporeal photopheresis on mononuclear cells

A

CDI19 —»

Annexin V —

CD56 —

Cell number —

y
13.8
89.6
10.4
Annexin V —

__ﬁ.

@i

Cell number —

Oectrl.

W 30 min preincub. + wash

CD3 —»

Ono preincub. + wash

MEno preincub. w/o wash

CD56 —»

100]
*kk
+ 75 ] *
>
=
=
[}
= 507
<
+
S
a
O 25
0 0 ' 1 ' 2 ' 3
Days after 8-MOP/UVA
1007
3
= 757
=
[}
(=}
=
< —
AL 50
a
Q
+
b _
g 25
Q
0 0 ' 1 ' 2 ' 3
100 .
+ *kk
E 75 *kk
s
(5}
=]
=]
<
+ 50
[sa) i
()]
Q
+
2 25
a =
Q
0 ' 1 ' 2 ' 3

Fig. 3. Apoptosis of B cells, NK cells and NKT cells after different 8-MOP/UVA treatments. B cells were identified with
marker CD19 (A). NK cells were defined as CD56 positive and CD3 negative cells (B) and NKT cells as CD56 CD3
double-positive cells (C). Percentages of annexin V positive cells out of all cells from the corresponding cell type are
shown in the bar charts. For treatment conditions, see legend of Fig. 1

riod of 3 days (Figs. 1-3). In the untreated controls we
could not observe considerably increased apoptosis levels
during the 3-day culture period (Figs.1-3, day 0). The first
quantification of annexin V positive cells was performed
immediately after 8-MOP/UVA treatment before resus-
pension in cell culture medium. Compared to controls,

a small increase in annexin V positive cells immediately
after treatment occurred only in the CD3+ T cell and the
CD14+ monocyte population (Figs. 1B, 2A). In the other
8-MOP/UVA treated leukocyte subpopulations, apoptosis
levels at this early time point were not statistically different
compared to control samples (Figs. 1-3). In the follow-
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Table 1. Two-way repeated measures ANOVA for analysis of differences between time points and treatment protocols.
P- and F-values and the degree of freedom (D.F.) are shown for the analysis of changes over time (day O, 1, 2 and 3) and
differences in the 3 experimental 8-MOP/UV A treatment protocols

Cell-Type Differences between time points Differences between the
(day 0, 1,2, 3) 3 treatment protocols
P-value F-value D.F. P-value F-value D.F.

CD45+ <0.0001 1857 3 <0.0001 16,0 2

CD14+ <0.0001 1575 3 0.0002 12,0 2

CD3+ <0.0001 880 3 0.0071 6,1 2

CD4+ <0.0001 685 3 0.0009 9,6 2

CD8+ <0.0001 1143 3 0.0016 8,5 2

CD4+ CD25+ <0.0001 341 3 0.0003 11,5 2

CDI19+ <0.0001 2266 3 0.0008 9,8 2

CD3- <0.0001 1082 3 n.s. 2,1 2
CD56+ (0.14)

CD3+ CD56+ <0.0001 652 3 0.0005 10,5 2

ing 3 days after 8-MOP/UVA treatment, apoptosis levels
increased continuously. On day 1 most cell populations
showed already around 50% apoptosis and reached in be-
tween 90 and 99% on day 3 independently of the treatment
protocol (Figs. 1-3).

8-MOP pre-incubation for 30 minutes leads to
more rapid apoptosis

The three different 8-MOP/UVA treatment protocols
showed significant differences in their apoptosis patterns
(Table 1). The highest increase in apoptosis levels occurred
in all cell populations when cells were pre-incubated for
30 min with 8-MOP prior to UVA exposure (Figs. 1-3).
Directly after 8-MOP/UVA treatment we already observed
in several cell populations higher percentages for apop-
tosis (6-21%) compared to untreated cells (5-14%, Figs.
1-3). However, the difference at this early time point was
statistically significant only for CD3+ T-cells (p < 0.05,
Fig. 2A) and CD14+ monocytes (p < 0.05, Fig. 1B). Sub-
stantial mean apoptosis levels of 53 to 73% were detected
1 day after using the 30-min 8-MOP pre-incubation proto-
col in CD45+ cells and in most leukocyte subpopulations
such as CD3+, CD4+, CD8+, CD56+ CD3—, CD19+ and
CD14+ cells (Figs. 1-3). In contrast, apoptosis levels of
cells cultured for 1 day with the two other protocols with-
out 30-min 8-MOP pre-incubation were in almost all cases
significantly lower (p < 0.05), depicted by mean apoptosis
levels of 37-58%. The difference in the apoptosis rate was
still statistically significant after 2 days in most leukocyte
subpopulations. Only NK-cells showed high apoptosis lev-
els 1 day after 8-MOP/UVA treatment independent of the
three different treatment protocols (Fig. 3B).

8-MOP depletion before cell-culturing does not
reduce apoptosis

Furthermore, we investigated whether the final wash-
ing step for 8-MOP removal before culturing has an impact
on the apoptosis rate of the leukocyte subpopulations. We
compared two conditions, the first one with a PBS wash-
ing step for 8-MOP removal and the second one without
the final washing step in which 8-MOP remained in the
cell suspension during the 3-day culture period. In both
conditions 8-MOP was added to the cells immediately be-
fore UV A exposure. Comparing both conditions with and
without residual 8-MOP during the 3-day culture period in
most cell types we observed a tendency for slightly lower
apoptosis levels in the condition without 8-MOP removal
before culturing (Figs. 1-3). However, no statistically sig-
nificant differences appeared in cellular apoptosis at any
time point. As mentioned above, nearly complete apoptosis
was detected after 3 days of cell culture in most leukocyte
subpopulations independent of the treatment protocol ex-
cept in CD4+ CD25+ Tregs (Fig. 2D).

Tregs are more resistant to 8-MOP/UVA
treatment

The apoptosis kinetics of most leukocyte subpopula-
tions were similar after 8-MOP/UVA treatment: on day
1 we found mean apoptosis levels of 33-75% depending
on the cell subpopulation and the treatment protocol (Figs.
1-3). In contrast to all other cell populations, after 1 day
CD4+ CD25+ Tregs showed very low mean apoptosis lev-
els of only 14-29% depending on the different treatment
conditions (Fig. 2D). When compared with all other cell
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types, apoptosis of Tregs was significantly lower in each
of the three treatment conditions (p < 0.001). Furthermore,
after 2 and 3 days in cell culture, the Treg apoptosis rate
was lower as compared to the other leukocyte subpopula-
tions. Treg apoptosis after 2 days ranged from 30 to 65%
compared with 73 to 93 % in the other leukocyte subpopu-
lations (p < 0.01). Even on day 3, Treg apoptosis was less
complete (64 to 92%) than in other cell populations (90
to 99%, p < 0.001). Especially in the treatment with the
clinically applied protocol, in which UVA irradiation is
performed directly after the addition of 8-MOP (without 30
min 8-MOP pre-incubation) and without final 8-MOP re-
moval, Tregs showed a relatively low mean apoptosis rate
of 64% on day 3 (p < 0.001 vs. all other cell populations).

High apoptosis rates in B cells and NK cells
already one day after 8-MOP/UVA treatment

In contrast to low apoptosis levels in Tregs, in NK and
B cells the highest apoptosis rates of all leukocyte sub-
populations were found (Figs. 3A, B). Apoptosis levels in
NK cells were 64 to 73% already one day after treatment.
In addition, NK and B cells showed high apoptosis lev-
els with 90-92% and 90-95%, respectively, 2 days after
8-MOP/UVA treatment whereas such a high apoptosis rate
was not observed until day 3 in the other leukocyte sub-
populations (p < 0.01). Interestingly, these high apoptosis
rates on day 2 were observed even if 8-MOP was added
to the cell suspension immediately before UV A irradiation
without the 30 min pre-incubation step.

Discussion

Controlled removal of apoptotic leukocytes is assumed
to be one of the main mechanisms of ECP therapy. The
resulting induction of immune tolerance is most proba-
bly dependent on a defined level of apoptotic cells [14].
This general mechanism of selective immunologic silenc-
ing has a considerable potential for treatment of diseases
with a hyper-reactive immune system. Since apoptosis of
leukocytes through ECP therapy is dependent on §-MOP
and UVA treatment, the corresponding protocols should
have a crucial impact on the quantity and time-dependent
occurrence of apoptotic cells. Interestingly, clinical treat-
ment protocols differ from experimental animal models.
In clinical protocols 8-MOP is added immediately before
UVA exposure whereas in ECP mouse models 8-MOP is
often pre-incubated for 30 min before UVA exposure [19,
20]. Another difference is that in clinical protocols 8-MOP
is not removed from the leukocyte suspension after UVA
exposure in general, but in many published mouse exper-
iments 8-MOP removal is performed before injection of
the treated leukocytes into the animals [20-23]. One rea-
son for this difference is the in vivo toxicity of 8-MOP
in mice, which is why 8-MOP should be removed before

injection of the treated cells [24, 25]. In the clinical set-
ting, the 8-MOP concentration used in the ECP therapy
is well tolerated without removing 8-MOP from the cell
suspension. Therefore, one should keep in mind that these
different protocols could result in different apoptosis pat-
terns with different therapeutic outcomes. Hence the aim
of our study was to compare the apoptosis characteristics
of several leukocyte subpopulations after treatment with
different 8-MOP/UV A protocols.

In concordance with results from other studies we
found that 8-MOP/UVA treatment led to almost complete
apoptosis [9, 26, 27]. In our experiments we found that
apoptosis levels increased successively with time after
treatment and were almost complete after 3 days indepen-
dent of the 8-MOP/UV A treatment protocol. However, the
different protocols we used showed different apoptosis ki-
netics. The strongest increase in apoptosis was observed
when cells were pre-incubated with 8-MOP 30 min prior
to UVA irradiation. Although, Karolak et al. found that
8-MOP uptake from supernatant to lymphocyte cytoplasm
reached equilibrium after two minutes, there is possibly
another time for uptake into the nucleus and stable incor-
poration into the DNA double-strands [28]. Probably after
30 min of pre-incubation 8-MOP is able to incorporate into
the DNA more completely and intracellular caspase activa-
tion is better induced by higher fractions of damaged DNA
[29]. The washing step for 8-MOP removal did not result
in significant changes in the apoptosis kinetic. On the one
hand this result was expected, since it has been shown in
previous studies that 8-MOP returns to an inactive state
when UVA light irradiation is stopped [7], but on the other
hand the experiment was important since different proce-
dures such as the addition of washing and centrifugation
steps immediately after 8-MOP/UVA treatment implies ad-
ditional centrifugation stress and time before bringing the
cells in culture. Having a closer look at our results, it is vis-
ible in the condition with the additional washing step that
the apoptosis levels are slightly, although not significantly,
higher than in the condition without the washing step.

Since immune tolerance can be efficiently induced by
a steady-state level of apoptotic cells, the conventional
protocol from clinics seems to be superior to other proto-
cols e.g. used in animal experiments. In the clinical pro-
tocol, apoptosis of the corresponding cell populations is
more equally distributed over the first 72 h after PUVA
treatment. Therefore the apoptosis level is more continu-
ous than in protocols with 8-MOP pre-incubation leading
to a fast increase in apoptosis directly after 8-MOP/UVA
treatment.

The main cause for GVHD onset are alloreactive
T cells arising from the hematopoietic graft. We could
demonstrate that CD3+ T cells in general and CD4+ as
well as CD8+ T cells in particular undergo almost com-
plete apoptosis within 72 h after 8-MOP/UVA treatment in
vitro. This effect was very robust and independent of the
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variations in the protocols. Our findings are further con-
firmed by the study of Schmid et al. showing an increase
in annexin V positive CD3 T cells after ex vivo ECP with
high final apoptosis levels after 72 h in vitro [30].

The different leukocyte populations showed similar
apoptosis characteristics after 8-MOP/UV A treatment.
Only in the CD4+ CD25+ fraction we found a different
apoptosis pattern. Since 90-97% of the CD4+ CD25+ cell
population is expressing the FoxP3 Treg transcription fac-
tor [9, 10], we suggest that these apoptosis pattern reflects
the apoptosis of the Treg population. The increase in Treg
cell death as well as the final apoptosis levels 72 h af-
ter 8-MOP/UVA treatment were smaller than in all other
cell populations. Lowest Treg apoptosis was reached by
the clinical protocol without 30-min 8-MOP pre-incuba-
tion. Therefore, the clinical protocol seems to be more
favorable for maintaining Tregs over the ECP therapy.
Since Tregs are most probably the central effector cells
in ECP-mediated induction of immune tolerance, the ef-
fect probably contributes to the therapeutic mechanisms
of ECP treatment by shifting the T cell ratio from T-helper
and cytotoxic T cells to the Treg fraction [31]. This find-
ing matches observations from different other studies, in
which increased numbers of Tregs after ECP therapy were
found [23, 32, 33].

Contributing to the discussion whether ECP is able to
induce monocyte apoptosis or not, we found that mono-
cytes undergo apoptosis after 8-MOP/UVA treatment [34,
35]. Their apoptosis kinetics were similar to most other
leukocyte subpopulations and final monocyte apoptosis af-
ter 72 h in vitro was also above 90%. In addition Hannani
et al. observed that the migratory behavior of monocytes
is altered directly after ECP treatment [34]. Interestingly,
they found that even after induction of apoptosis in mono-
cytes, the ability of cytokine secretion was not impaired in
the first 24 h.

In two leukocyte subpopulations we found very high
susceptibility to 8-MOP/UV A mediated apoptosis. B cells
as well as NK cells showed almost complete apoptosis al-
ready after 48 h in vitro. B cell apoptosis is probably an-
other factor contributing to the therapeutic effect of ECP,
since B cell depletion through administration of anti-CD20
antibody Rituximab was found to be preventive for devel-
oping chronic GvHD after HSCT [36, 37]. On the other
hand, NK cell reduction may not contribute to the positive
ECP effects, because NK cells may have potential in mod-
ulating alloreactive immune-responses and alleviation of
GvHD [38]. NK cell apoptosis could be therefore a side
effect with less impact than the other positive cellular ef-
fects generated by ECP.

In conclusion, we found that leukocyte apoptosis kinet-
ics can be influenced by variation of 8-MOP (pre-)incuba-
tion time and, on a small scale, by the final washing step
for 8-MOP removal after treatment. Most cell populations
show a strong apoptosis response with apoptosis levels

more than 90% after 72h in vitro. In particular, cytotoxic
T cells and T-helper cells as well as B cells, which are
the main drivers in graft-versus-host alloreaction, under-
go almost complete apoptosis. In contrast, immune toler-
ance mediating Tregs are more resistant to 8-MOP/UVA
induced apoptosis. The most interesting protocol with the
highest Treg survival-rate and rather more prolonged or
steady-state apoptosis levels of the other leukocyte popula-
tions was found to be 8-MOP/UV A incubation only during
UVA exposure without 8-MOP pre-incubation and with-
out final 8-MOP removal. Future in vivo animal or clinical
studies are required to elucidate the influence of different
apoptosis kinetics on the outcome of the ECP therapy.

The authors declare no conflict of interest.
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