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The down-regulation of IL1a and IL6, in monocytes exposed
to extracorporeal photopheresis (ECP)-treated lymphocytes,
is not dependent on lymphocyte phosphatidylserine
externalization
John Bladon and Peter C. Taylor

Haematology Department, Rotherham General Hospital, South Yorkshire, UK

Introduction

Extracorporeal photopheresis (ECP) is a leucopheresis-

based treatment, whereby isolated white cells are exposed

to 8-methoxypsoralen (8-MOP) and Ultraviolet (UV) A

light. On completion of treatment, the cells are immedi-

ately re-infused back to the patient [1]. Although ECP

was originally utilized for the treatment of erythrodermic

cutaneous T-cell lymphoma (CTCL), many other condi-

tions have subsequently demonstrated a positive response

to ECP [1–3]. These conditions often have a proinflam-

matory aetiology and include rheumatoid arthritis (RA),

solid organ rejection, inflammatory bowel disease (IBD)

and steroid-refractory acute and chronic graft versus host

disease (GvHD) [2,3].

ECP has been demonstrated to directly reduce pro-

inflammatory cytokine production in treated monocytes

and lymphocytes [4–7]. More recently, an indirect role

for ECP-treated lymphocytes has been proposed, whereby

untreated monocytes, exposed to ECP-treated lympho-

cytes, have down-regulated proinflammatory cytokine

production [8].

Following ECP, lymphocytes rapidly become apoptotic

and begin to externalize phosphatidlyserine (PS) onto the
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Summary

Extracorporeal photopheresis (ECP) has been successfully used to treat some

inflammatory conditions. Following ECP, lymphocytes become apoptotic and

untreated monocytes, exposed to post-ECP lymphocytes, reduce proinflamma-

tory cytokine secretion. This study attempted to establish if this monocyte im-

munosuppression was linked to phosphatidylserine externalization (detected

using Annexin V) on the apoptotic lymphocytes. Using density gradient and

magnetic separation, lymphocytes were isolated from three cutaneous T-cell

lymphoma and nine chronic graft versus host disease (cGvHD) patients pre-

ECP and prior to re-infusion (post-ECP). The collected lymphocytes were cul-

tured overnight and Annexin V levels determined. Peripheral blood was taken

from the same patient 20 h later and the monocytes were isolated. The ‘fresh’

monocytes were introduced to each 20 h pre- and post-ECP lymphocyte cul-

ture, stimulated with lipopolysaccharide (LPS) and Brefeldin A and subse-

quently tested for intracellular tumour necrosis factor alpha, interleukin 1

alpha (IL1a), IL1b, IL6 and IL8. For cGvHD patients, the relative levels of

IL1a and IL6 were reduced in the untreated, LPS-stimulated monocytes

exposed to post-ECP lymphocytes. However, the down-regulation of IL1a and

IL6 did not correlate to levels of Annexin V-positive lymphocytes. ECP-treated

lymphocytes can reduce the ability of LPS-stimulated monocytes to produce

some proinflammatory cytokines; however, this effect is not dependent on

phosphatidylserine externalization.
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outer leaf of their cell membrane (flip-flop) [9]. Using

flow cytometry, PS externalization can be identified using

a flourescene-conjugated Annexin V [10]. PS exposure

represents a potent target recognition site for phagocyto-

sis and cells positive for PS are swiftly processed [11].

The process of apoptotic cell phagocytosis, by surround-

ing antigen-presenting cells (APCs), was originally consid-

ered to be a mechanism for the safe removal of

potentially dangerous or unnecessary cells without evo-

king an immune response and subsequent tissue damage

[12,13]. However, more recently, removal of apoptotic

cells, by APCs, has subsequently been demonstrated to

induce immunosuppression [13,14].

This study was designed to determine if the reduction

in proinflammatory cytokines, observed in monocytes

exposed to ECP-treated lymphocytes, was dependent on

the PS externalization observed on apoptotic cells follow-

ing ECP.

Patients and methods

Patients

Twelve patients receiving ECP (three Stage III CTCL and

nine extensive, steroid-refractory chronic GvHD

(cGvHD)) were tested. For cGvHD, concurrent therapy

included steroids and at least one other immunosuppres-

sive agent. This study was conducted in accordance with

standards indicated in the 2000 Declaration of Helsinki.

Informed consent was obtained from all patients and

local ethical approval was granted for the study.

Photopheresis procedure

ECP was performed using the XTS system (Therakos,

Bracknell, UK). The ECP procedure involved isolating

white cells, using a six cycle leucopheresis-based system,

and exposing them to 8-MOP (UVADEX) (Ben Venue

Laboratories, Bedford, OH, USA) and a 1.5 J/cm2 UVA

light source. The exposure time was dependent on the

volume and haematocrit of the white cell collection bag

(approximately 15–60 min). On completion of treatment,

all treated cells were re-infused back to the patient imme-

diately.

Cell preparation

Day one

Heparinized samples were taken from each patient imme-

diately pre-ECP and from the white cell collection bag

immediately prior to re-infusion (post-ECP). Peripheral

blood mononuclear cells (PBMCs) were separated out

using density gradient centrifugation (Lymphoprep)

(Nycomed, Oslo, Norway) and washed with phosphate buf-

fered saline (containing 1% bovine serum albumin) (PBS).

The lymphocytes were positively selected using a magnetic

isolation kit (Monocyte isolation kit II; Miltenyi Biotec,

Bisley, UK), washed with PBS and added to RPMI medium

(Biowhittaker, Verviers, Belgium) containing 10% fetal calf

serum, 140 lg/ml streptomycin, 50 lg/ml vancomycin and

1% glutamine to give a final count of 1.0 · 106/ml.

Monocyte contamination of the lymphoid population was

determined by adding 5 ll of phycoerythrin-cyanin-5

(PE-CY5)-conjugated anti-CD14 (Beckman-Coulter, High

Wycombe, UK). The pre- and post-ECP lymphocytes were

incubated overnight (20 h) in the dark at 37 �C.

Day two

Heparinized peripheral blood was taken from the same

patient 20 h later, on the second day of ECP therapy.

Monocytes were negatively selected using a magnetic

isolation kit (Monocyte isolation kit II) and washed with

PBS. There was a potential risk of using monocytes,

which had previously been exposed to ECP during the

previous day’s treatment. However, their numbers would

be small as ECP treats 10–15% of peripheral blood leuco-

cytes and the mean circulation time before a peripheral

blood monocyte migrates to the tissues is between 10 and

12 h [3,15]. Furthermore, because the same monocyte

population was used for both pre- and post-ECP co-cul-

tures, any observed changes would be comparable. The

purity of the monocyte population was determined using

5 ll of PE-CY5 anti-CD14. The monocytes were subse-

quently added to the 20 h pre- and post-ECP lymphocyte

cultures in a ratio of 1:3. Following mixing, the combined

cell cultures were stimulated for 5 h with 1 lg/ml LPS

and 10 lg/ml Brefeldin A (Sigma-Aldrich, Poole, UK)

and incubated in the dark at 37 �C. Preliminary investiga-

tions were conducted to establish the influence LPS and

Brefeldin A would have on monocyte and lymphocyte

viability. Basically, monocytes and lymphocytes were iso-

lated from three cGvHD patients and cultured in either

medium only or medium containing LPS and Brefeldin

A. No significant increase in Annexin V-positive levels

was observed in the LPS/Brefeldin A culture, for either

cell population (P > 0.05) (data not shown).

Cell staining

Lymphocytes

Prior to the addition of ‘day two’ monocytes, a sub sam-

ple of lymphocytes from the 20 h pre- and post-ECP cul-

tures were tested for apoptosis (PS externalization) using

an Annexin V identification kit (Beckman-Coulter). The

percentage of Annexin V positive lymphocytes was enu-

merated using flow cytometry, as previously described

[16].

Post-ECP lymphocytes down-regulate IL1a and IL6 in untreated monocytes Bladon and Taylor

ª 2006 The Authors

320 Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 319–324



Monocytes

Following stimulation, the cells, within the combined cell

cultures, were washed with PBS and the cell count adjus-

ted to 2.0 · 106/ml. Into 45 ll of re-suspended cells was

added 5 ll of PE-CY5 anti-CD14. The cells were incuba-

ted in the dark, at room temperature, for 20 min. The

cells were immediately washed with PBS and subsequently

fixed with 100 ll of ‘reagent A’ from a cell permeabiliza-

tion commercial kit (Intrastain) (DAKO-Cytomation, Ely,

UK) for 15 min. The cells were washed with PBS again

and permeabilized with 100 ll of ‘reagent B’. At the

permeabilization stage, 20 ll of either phycoerythrin

(PE)-conjugated anti-tumour necrosis factor alpha

(TNFa), fluorescein isothiocyanate (FITC)-conjugated

anti-interleukin 1 alpha (IL1a), PE anti-IL6, FITC anti-

IL1b or PE anti-IL8 (R & D Systems, Abingdon, UK) was

added. Appropriate isotype controls were performed.

Flow cytometry

Cells were processed through a Galaxy flow cytometer

(DAKO-Cytomation). Alignment and fluorescence were

standardized using Alignment beads and Flourospheres

(DAKO-Cytomation). A minimum of 30 000 events were

gathered for each test. Monocytes were identified using

anti-CD14 (PE-CY5) (FL-III) and high side scatter, as pre-

viously described [6]. The monocyte region was ‘bit-

mapped’ and from this, cytokine expression was evaluated.

‘Quadrant regions’ were set on ‘dot plots’, of FITC (FL-I)

and PE (FL-II) expression, using appropriate isotype con-

trols. The quadrant regions were then used to determine

the mean fluorescence intensity (MFI) of each cytokine tes-

ted. As the anti-cytokine monoclonal antibodies were

added in excess, the MFI represented the relative fluores-

cence expression and thus the relative levels of cytokines

produced.

Statistical evaluation

Using the Shapiro–Wilks W-test for non-normality, the

levels of monocyte cytokines and the percentage of Ann-

exin V-positive lymphocytes in each cell culture were

established to follow a normal distribution (P > 0.05)

(data not shown). This replicated observations made in

our previous study [6–8]. The levels of monocyte cyto-

kines within the pre- and post-ECP cell culture combina-

tions were subsequently compared statistically using the

Student paired t-test. A P-value of <0.05 was regarded as

significant. Pearson’s correlation analysis between the

increase in Annexin V levels of lymphocytes pre- to post-

ECP and the fall in IL1a and IL6 MFI of monocytes pre-

to post-ECP was also determined for the cGvHD patient

cohort.

Result

The purity of lymphocyte and monocyte populations

post-magnetic isolation exceeded 90%. The mean increase

in Annexin V-positive lymphocytes, observed 20 h post-

ECP, was 33.05%, with a standard error of the mean

(SEM) of 3.10.

The mean and SEM of each cytokine MFI, for the

untreated monocytes exposed to 20 h cultures of pre- and

post-ECP lymphocytes, for both patient groups are dis-

played in Fig. 1a and b. When comparing the untreated

monocytes of CTCL patients, exposed to pre-ECP

Figure 1 Monocyte cytokine expression in pre-extracorporeal photopheresis (ECP) and post-ECP cultures. Fresh monocytes were exposed to 20 h

cultures of pre- and post-ECP lymphocytes and stimulated with 1 lg/ml lipopolysaccharide and 10 lg/ml Brefeldin A. The relative quantities of

tumour necrosis factor alpha (TNFa), interleukin 1 alpha (IL1a), IL1b, IL6 and IL8 were determined in each monocytes population, as a mean flores-

cence intensity (MFI) using a flow cytometry. The mean MFI and standard error of the mean (SEM) (displayed as error bars) of each monocyte

cytokine, from the pre-ECP culture (white bars) and post-ECP cultures (black bars), are displayed for the (a) cutaneous T-cell lymphoma (CTCL)

and (b) chronic graft versus host disease (Chronic GvHD) patient groups. A significant result is denoted by * and the P-value indicated.
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lymphocytes, to the culture containing post-ECP lympho-

cytes, no significant difference was observed for each

cytokine tested. However, this could be attributed to the

study size, with only three patients tested. Within the

cGvHD cohort, a significant reduction in the production

of IL1a and IL6, by untreated monocytes, was observed

in the post-ECP culture, when compared with the

untreated monocytes co-cultured with pre-ECP lympho-

cytes.

For cGvHD patients, Pearson’s correlation analysis was

performed between the increase in the percentage of Ann-

exin V-positive lymphocytes, observed in the post-ECP

cultures, and the comparable fall of IL1a and IL6 MFI in

the untreated monocytes observed in the post-ECP cul-

ture. This data is presented in Fig. 2a and b. These results

were not significant and thus demonstrated that the

reduction of IL1a and IL6, observed in untreated mono-

cytes exposed to post-ECP lymphocytes, was not depend-

ent on the externalization of PS, observed on early

apoptotic lymphocytes.

Discussion

ECP is known to induce rapid apoptosis in lymphocytes;

to include the majority of treated lymphocytes by 48 h

post-exposure [16]. However, the prolonged beneficial

effects of ECP therapy still remain elusive. Interaction of

apoptotic lymphocytes with APCs has demonstrated an

ability to modify APC function, through proinflammatory

cytokine reduction and up-regulation of anti-inflamma-

tory secretion [13,14]. More recently, this effect has been

observed in the setting of ECP, with ECP-treated lympho-

cytes capable of reducing production of the proinflamma-

tory cytokines, IL1a, IL1b and IL6 in untreated

monocytes [8]. However, in our previous study, the

down-regulation of proinflammatory cytokines, in

untreated monocytes, was observed when ECP-treated

lymphocytes were introduced immediately post-ECP [8].

This study replicated this initial study, but used ECP-trea-

ted lymphocytes following 20 h in cell culture, where lev-

els of apoptosis were significantly higher.

As before, this study also demonstrated the ability of

ECP-treated lymphocytes to reduce the expression of

some proinflammatory cytokines in untreated monocytes.

Preliminary investigation had ascertained that this effect

was not because of LPS-induced apoptosis; results consis-

tent with other monocytoid test systems [17,18]. How-

ever, the down-regulation of monocyte cytokines did not

correlate to the levels of Annexin V-positive lymphocytes.

Annexin V identifies the externalization of PS, detectable

on cells in the early stages of apoptosis [19]. Annexin V-

positive cells are swiftly targeted for phagocytosis by APCs

[11]. In addition, the down-regulation of cytokine pro-

duction in the untreated monocytes, exposed to 20 h

post-ECP lymphocytes, seemed no more pronounced than

that observed in untreated monocytes mixed with ex vivo

lymphocytes, introduced immediately post-ECP [8].

Although, the different sample population did not allow

statistical validation of this point. It would therefore seem

that ECP treatment of lymphocytes, independent of PS

externalization, has an ability to induce immunosuppres-

sion in untreated monocytes.

The reduction in proinflammatory cytokine produc-

tion, by untreated monocytes, may be dependent of

the production of IL10. Although an anti-inflammatory

Figure 2 Correlation between monocyte IL1a and IL6 reduction and

increase in Annexin V-positive lymphocytes for chronic graft versus host

disease (cGvHD) patients. The reduction in the IL1a and IL6 MFI, of

untreated monocytes, for cGvHD patients, observed from pre- to post-

ECP cultures and the increase in the percentage of Annexin V-positive

lymphocytes, detected from pre- to post-ECP cultures, was correlated.

The dot plots display the results of the nine cGvHD patients. Figure 2a

demonstrates the comparison of IL1a reduction and Annexin V increase,

whilst Fig. 2b displays the comparison between IL6 down-regulation

and Annexin V increase. Correlation coefficients and levels of signifi-

cance are also included. n/s indicates no significance correlation.
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cytokine, IL10 has been demonstrated to actually enhance

the phagocytic properties of monocytes [20]. IL10 has

been demonstrated to inhibit the transcription of TNFa,

IL1a, IL1b, IL6 and IL8 in LPS-stimulated monocytes

[21,22]. Elevated levels of IL10 have been observed in

untreated monocytes exposed to ECP-treated lymphocytes

[23,24]. However, the lack of any change to TNFa, IL1b
or IL8 production, in this study, may support a more

direct immunosuppressive response, rather than one

mediated by IL-10. Alternatively, the differential reduc-

tion in cytokines may be dependent on IL10 levels. Clin-

ical observations, following recombinant IL10 (rhIL10)

therapy, have demonstrated that IL10 inhibition of TNFa
secretion in LPS-stimulated macrophages is dose-depend-

ent [25].

APCs are a prominent source of the proinflammatory

cytokines, which are known to contribute to the aetiology

of many inflammatory conditions, including GvHD, IBD

and RA [26–28]. Some resolution of acute and chronic

GvHD, IBD and RA has been achieved through the tar-

geting of proinflammatory cytokines, such as the anti-

TNF agent infliximab [29–33]. For RA, in which most

infliximab research has been undertaken, the rapid down-

regulation of IL1b and IL6 has also been observed within

4 h of commencing infliximab infusion [33]. Good clin-

ical responses have also been observed in psoriasis

patients treated with rhIL10, although RA and IBD dem-

onstrated less positive results following rhIL10 infusions

[34]. On each ECP treatment cycle, between 10% and

15% of the total circulating, lymphocytes are treated [3].

The infusion of a large quantity of ECP-treated lympho-

cytes may significantly contribute to the modulation of

cytokine production in these disease states, following APC

processing.

ECP induces an indirect immunosuppressive response

in untreated monocytes exposed to ECP-treated lympho-

cytes. However, this process begins prior to demonstrable

apoptosis, through PS externalization.
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