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We investigated whether percentages (%) and absolute counts of 

T-regs (CD4+CD25+FOXP3+ & CD4+CD25+FOXP3+CD127dim/- 

cells) were altered in cGvHD patients post-ECP, and examined 

how this correlated with skin disease response, and the ability to 

taper steroids, at 4 time points. 

•The median % of CD4+ cells in healthy controls (49.8%) was    ~ 

2 X that of cGVHD patients pre-ECP (22.8%), and at all time 

points post-ECP (maximum of 25.5% reached at 3m). 

• The heterogeneous nature of T-reg absolute counts and 

percentages in cGvHD patients, pre- and post-ECP, is illustrated 

in Figure 1. Median absolute T-reg counts post-ECP were not 

significantly higher than pre-ECP levels until after 6m of ECP 

treatment. 

•T-reg absolute counts increased in the majority of patients after 

3m of ECP, with >100% increases occurring at 6m, & the greatest 

median % increase (186%) being observed at 12m post-ECP 

(Figure 2).  

•Median % changes in T-reg counts from pre-ECP values were 

not significantly elevated in steroid responders at any time point 

(Figure 3). 

•Median % changes in T-reg counts from pre-ECP values were 

often elevated in complete, and good, skin responders, but this 

was not significant  at any time point (Figure 4). 

•Greater median absolute T-reg counts (not changes from pre-

ECP values) showed some association with skin & steroid 

response at 3m+ post-ECP, limited by small sample size. 
 

Results Summary  

We thank the patients who kindly provided blood samples for this 

study.  

References 

1.  Le & Chao (2007) Regulating regulatory T cells. Bone Marrow Transplantation 39; 1-9 

2. Vignali et al., (2008) How regulatory T cells work. Nature Reviews Immunology 8; 523-532  

•Chronic graft versus host disease (cGvHD) remains a 

major complication following allogeneic haematopoietic 

stem cell transplantation. Extracorporeal photopheresis 

(ECP) is used as a safe and efficacious treatment for 

steroid-refractory cGvHD. ECP involves the separation of 

white blood cell-rich plasma, followed by ex-vivo 

administration of a photosensitiser (8-methoxypsoralen) 

and ultraviolet-A radiation, inducing apoptosis of the treated 

leucocytes. These apoptosing leucocytes are reinfused to 

the patient, which is thought to induce immune tolerance, 

by modulating antigen-presenting cells, increasing 

production of anti-inflammatory cytokines, decreasing 

production of pro-inflammatory cytokines, and inducing 

regulatory T cells (T-regs).  

 

•T-regs are a subpopulation of T cells which can suppress 

effector T cell responses, and the activity of other immune 

cells, such as dendritic and B cells. The ability of T-regs to 

suppress aberrant immune responses, regulate T cell 

homeostasis, and to maintain self-tolerance prompted 

interest in their impact on cGvHD, and how ECP might 

influence their numbers. Their significance in cGvHD 

remains unclear, however1. T-regs are CD4+ cells that 

express high levels of the interleukin-2 receptor α-chain 

CD25, and the transcription factor forkhead box protein 3 

(FOXP3). Non-regulatory T cells can also express the 

intracellular marker FOXP3, however. T-regs downregulate 

expression of CD127, so a CD127dim/- marker is also used 

for T-reg characterisation2.   

Methods 

 Study Population 

32 adult cGvHD patients (50% male, aged 19-62, median=46.5 

years) were included. 78% patients had skin involvement, and 

91% were on steroids at ECP start. Patients received a two-day 

treatment cycle every fortnight for 3 months (m), then monthly 

dual treatments.  The minimum treatment time was 3m; 7 

patients were treated for 24m. Absolute counts and % of CD4+ 

cells in patients were compared to 25 healthy controls. The 

modified Rodnan scoring system was used to evaluate skin 

disease. The ability to reduce steroid dose by ≥50% was 

considered a partial response, and steroid  withdrawal, a 

complete response.  

Flow Cytometry of T-regs 

Mononuclear cells were separated from peripheral blood 

samples using LymphoPrep™ density gradient media, and 

labelled for cell surface markers using appropriate antibodies. 

Intracellular staining of FOXP3 was performed after fixation and 

permeabilisation. Absolute counts and % of CD4+, 

CD4+CD25+FOXP3+, and CD4+CD25+FOXP3+CD127dim/- T 

cells were evaluated using 5-colour flow cytometry. The median 

% change in cell counts from pre-ECP to 1m (n=32 patients), 

2m (n=31), 3m (n=31), 6m (n=24) and 12m (n=18) post-ECP, 

were calculated. Absolute counts and % of T-regs, and the 

changes from pre-ECP absolute counts, were compared to skin 

disease response and the ability to taper steroids at 14, 28, 56, 

and 112 weeks.  

Statistical Analysis 
 

Differences between any two groups were evaluated by a Mann 

Whitney U test. A probability (P) value of <0.05 (two tailed) was 

considered statistically significant, whereas a P-value of 0·05 < 

0·1 was regarded as a tendency . 

Figure 2: Median % change in absolute cell counts 

from pre-ECP to 1-12m post-ECP.  
Error bars represent the interquartile range (IQR). Median 

absolute counts of circulating CD4+, CD4+CD25+FOXP3+, 

and CD4+CD25+FOXP3+CD127dim/- cells decreased from 

pre-ECP values at 1m post-ECP, but a small increase for 

CD4+CD25+FOXP3+ cells was seen at 2m, followed by a 

modest increase for all cell types at 3m. Dramatic increases 

(>100%) in T-regs were observed at 6m post-ECP, which was 

over and above the increase expected due to an enhanced 

lymphocyte count. T-reg numbers were further elevated at 

12m.  

Figure 1: (a) Absolute counts & (b) percentages, of CD4+, CD4+CD25+FOXP3+, and CD4+CD25+FOXP3+CD127dim/- 

cells after 0-12m of ECP. The median values are displayed as horizontal lines for each time point post-ECP. Absolute counts 

of T-regs were significantly increased at 6m post-ECP compared to pre-ECP values, but no significant differences were found 

for CD4+.  There was a tendency for an increased % of CD4+CD25+FOXP3+ cells at 6m post-ECP, compared to pre-ECP. 
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Figure 3: Box plots  of the % change in 

CD4+CD25+FOXP3+CD127dim/- counts at      

1-12m post-ECP versus steroid response at 

14, 28, 56, & 112 weeks.  
Error bars represent the 5-95th percentile and the 

median is shown as a horizontal line.  

No significant differences were found between steroid 

responders (R; shown in red) & non-responders (NR; 

white) at any time point post-ECP, when steroid 

response was measured at 14, 28, 56, or 112 weeks. 

  

•CD4+ and T-reg numbers are very variable both pre- and post-ECP in cGvHD patients, and often  

increase after ECP. 

•The maximum increase in T-reg numbers compared to pre-ECP counts did not appear rapidly, 

occurring after 12m of ECP.  

•T-reg absolute counts or % do not appear to be predictive for steroid or skin response, acting more 

like a follower, rather than the driver, of response.   

•Patients achieving a complete skin and/or steroid response can have substantial simultaneous 

increases or decreases in T-reg counts. 

Figure 4:% changes in CD4+CD25+FOXP3+CD127dim/- counts at 1-12m post-ECP versus skin response 

at 14, 28, 56, 112 weeks. 
NR – non-responder; PR – partial responder; GR – good responder; CR – complete responder. Medians and IQRs are shown. 

No significant differences in T-reg changes were found between skin responders & non-responders at any response time point  


