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Abstract

Background: HLA-G is an immunosuppressive molecule with a potential role in allograft 

acceptance.

Methods: Expression of HLA-G on leucocyte subpopulations was studied in a group of 21 

renal transplant patients immediately prior to and 2 months post-transplantation.

Results: Significant increases in proportions of total HLA-G+CD4+ T cells were seen (0.5+/-0.1% 

to 7.9+/-3.2%; p<0.01) and also for CD45RA+, CD45RO+ and CD69+ subsets. Increases in 

proportions of HLA-G+ cells were also seen in CD8+ T cells and their subsets, CD56+ T cells, B 

cells, NK cells and monocytes, and also of serum soluble HLA-G, but these did not reach 

statistical significance. When leucocytes from healthy subjects were cultured for 7 days in
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therapeutic concentrations of tacrolimus and mycophenolate mofetil, no significant 

increases in proportions of HLA-G+CD4+ or CD8+ T cells were found while those for CD56+ T 

cells (3.4+/-0.2% to 13.0+/-0.4%) and B cells (1.6+/-0.1% to 6.4+/-0.2%) increased 

significantly (p<0.01). Proportions of HLA-G+CD103+ B cells, NK cells and CD56+ T cells, but 

not classical T cells, were also significantly increased (p<0.05) following culture in 

immunosuppressive drugs. 

Conclusions: The results show that HLA-G is upregulated in leucocyte subsets following renal 

transplantation but that in CD4+ and CD8+ T cells this is not directly mediated by 

immunosuppressive drugs.   
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1. Introduction 

HLA-G is a class 1b HLA molecule normally expressed at high levels on extravillous 

cytotrophoblast at the materno-fetal interface [1]. Here, its function is thought to be concerned 

with preventing rejection of the fetus by the maternal immune system [2], either by direct 

inhibition of NK cell and/or T cell function, by trogocytosis [3] or secretion of soluble HLA-G and 

uptake by other cell types [4]. Ligands for HLA-G include ILT2/LILRB1 and ILT4/LILRB2, mainly 

expressed on lymphocyte and monocyte subsets, and KIR2DL4, predominantly expressed on NK 

cells [5]. 

Expression of HLA-G has previously been studied in relation to clinical cardiac transplantation 

where endomyocardial expression [6, 7] and levels of soluble HLA-G were associated with graft 

acceptance [7, 8]. Serum levels increased post-transplantation in patients with good graft function 

but were significantly decreased in those suffering from cardiac allograft vasculopathy [9]. 

However, levels of soluble HLA-G were also found to be increased in patients suffering from heart 

failure [10]. In lung transplant patients, bronchial epithelial expression of HLA-G was more 

prominent in patients with good graft function than in those with signs of acute rejection and anti-

HLA antibodies [11, 12]. Similarly, in liver transplant patients increased levels of sHLA-G were 

associated with favourable graft function [13]. 

In renal transplant patients, peripheral blood mononuclear cell HLA-G expression at the mRNA 

level was higher in patients with stable renal function than in those with acute rejection [14, 15]. 

However, HLA-G mRNA levels in renal biopsies and protein expression on tubular epithelium were 

higher in patients with acute rejection than those with non-rejected but dysfunctional grafts [16].  

At the protein level, HLA-G expression by tubular epithelium was higher in patients without 

rejection *17+. At the genomic level, dimorphisms 3’ to the HLA-G gene, and associated with 

increased degradation of HLA-G mRNA, and hence lower levels of HLA-G expression, were 

proportionately increased in kidney transplant patients with rejection [18-21]. However, this was 

not the case in all studies [22, 23] and the opposite effect was reported for liver transplant 

patients [24]. Interestingly, kidney transplant patients with complete HLA-G matches were less 
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likely to experience rejection episodes [25], although this could be related to linked HLA alleles 

rather than to HLA-G itself. 

In several studies, serum soluble HLA-G levels were reported to be increased in kidney 

transplant patients with good renal function compared to those with rejection [26-32]. This may 

be related to the presence of soluble or monocyte-bound HLA-G dimers [33]. However, patients 

with acute tubular necrosis were also reported to have elevated serum sHLA-G levels [34].   

The observed increases in HLA-G expression in organ transplant patients may be related to the 

ongoing allogeneic response and studies in vitro have shown that HLA-G is upregulated on 

allostimulated CD4+ and CD8+ T cells as well as in transplant patients in vivo [35]. Such changes in 

HLA-G expression may potentially also be related to the immunosuppressive drug treatment or 

other factors, such as activation of cytomegalovirus (CMV). In previous work in healthy subjects 

we have shown that stimulation of peripheral blood mononuclear cells with CMV antigens 

resulted in increased proportions of leucocytes expressing HLA-G, particularly B cells and CD56+ T 

cells [36]. The aims of the present experiments were to assess any post-transplant changes in HLA-

G expression by a range of leucocyte subsets in renal transplant patients. The role of standard 

immunosuppressive medications in mediating any changes observed was also studied in vitro in 

leucocytes from healthy subjects. The hypothesis was that HLA-G expression would be increased 

in patients with surviving transplants and that immunosuppressive drugs may mediate any 

increases. 

2. Materials and Methods 

2.1 Ethics Statement  

Renal transplant patients were recruited from the Transplant Unit, Royal Liverpool and 

Broadgreen University Hospital Trust between 2015 and 2017. Patients gave informed consent for 

blood donations and ethical approval for the study was obtained from Newcastle and North 

Tyneside NREC (14/NE/0094) and Haydock NRES Committee North West (15/NW/0351). Healthy 

subjects were recruited from the department and ethical approval was obtained from the 

University of Liverpool Interventional Ethics Committee (RETH000685). 

2.2 Transplant Patients and Samples 

Patients with renal failure were transplanted with a kidney from a deceased or living related 

donor using standard protocols. Maintenance therapy was a combination of Prograf® and 

mycophenolate mofetil. Patients at risk of cytomegalovirus (CMV) re-activation were given 

prophylactic ganciclovir treatment for 3 months post-transplantation. None of the patients studied 

experienced a rejection episode or an episode of CMV or BK virus re-activation during the course 

of the study period. 

2.3 Blood Sampling 

Blood samples were taken immediately pre-transplantation and at 3 and 6 months post-

transplantation into EDTA, mononuclear leucocytes purified by ficoll density gradient 

centrifugation and plasma was stored at -20ºC until use. 
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2.4 Mononuclear Cell Preparation and Flow Cytometry 

Mononuclear cells accumulating at the plasma-ficoll interface were washed and resuspended in 

RPMI-1640 + 10% heat-inactivated fetal calf serum + 2mM L-glutamine + antibiotics (complete 

medium; CM) at 106 cells/ml. For cell surface phenotypic analysis 4 x 105 cells in a volume of 100µl 

were aliquoted into individual tubes and combinations of 4µl of fluorescently conjugated 

monoclonal antibodies (mAb) added to a final concentration of 10µg/ml. The panel of mAb used is 

shown in Table 1, together with isotype controls. Cells were labelled for 30min at 4ºC, washed and 

resuspended in 1ml ice cold phosphate buffered isotonic saline (PBS) prior to analysis. Cells were 

then run through an Accuri C6 flow cytometer (Becton Dickinson, Oxford, UK), gating for 

lymphocytes or monocytes based upon forward and side scatter parameters. 5 x 104 cells were 

acquired per sample and an appropriate isotype control was run. The fluorescence threshold was 

set at a point at which <1% of cells from the isotype control were positive and this was subtracted 

from the value obtained with labelled cells. Up to four labelled mAb conjugated to appropriate 

fluorochromes were used for each sample, with appropriate colour compensation. Results were 

expressed as % positive cells in relation to total lymphocytes or monocytes, or, for 2- or 3-colour 

staining as a percentage of the relevant lymphocyte subpopulation. 

Table 1 Monoclonal antibodies (mAb) used in this study 

Monoclonal antibody Isotype Code # Supplier 

Anti-CD3-FITC IgG2a 317306 Biolegend, London, UK 

Anti-CD4-PE IgG2b 317410 Biolegend, London, UK 

Anti-CD8-PE IgG1 9012-0087 eBioscience, Hatfield, UK 

Anti-CD14-PE IgG1 12-0149-42 eBioscience, Hatfield, UK 

Anti-CD19-PE IgG1 12-0198-42 eBioscience, Hatfield, UK 

Anti-CD45RA-PerCP/Cy5.5 IgG2b 304121 Biolegend, London, UK 

Anti-CD45RO-PerCP/Cy5.5 IgG2a 304222 Biolegend, London, UK 

Anti-HLA-G-APC, clone MEM-G/9 IgG1 A15708 Life Technologies, Paisley, UK 

Anti-CD56-PE IgG1 12-0567-42 eBioscience, Hatfield, UK 

Anti-CD69-PerCP/Cy5.5 IgG1 310926 Biolegend, London, UK 

Anti-HLA-DR-FITC IgG2b 327006 Biolegend, London, UK 

Anti-KIR2DL4-PE IgG1 347006 Biolegend, London, UK 

Anti-CD103-FITC IgG1 350204 Biolegend, London, UK 

Anti-CD257 (BAFF)-FITC IgG1 11-9017-42 eBioscience, Hatfield, UK 

Anti-CD268 (BAFFR)- PerCP/Cy5.5 IgG1 316918 Biolegend, London, UK 

Isotype control-PE IgG2b ab91532 AbCam, Cambridge, UK 

Isotype control IgG1κ IgG1 400112 Biolegend, London, UK 

Isotype control-APC IgG1 MG105 Life Technologies, Paisley, UK 
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2.5 Immunosuppressive Drug Treatment 

Mononuclear cells were prepared from healthy subjects and resuspended in CM at a 

concentration of 2 x 106 cells/ml. They were then aliquoted into a 6 well plate and cultured for 7 

days at 37ºC, 5% CO2 either with or without 1µg/ml CMV antigen extract (BioRad, Watford, UK), 

together with one or both of the standard maintenance drugs used for most kidney transplant 

recipients; cells incubated in CM alone served as controls. Both Prograf® (tacrolimus; Astellas 

Pharma, Chertsey, UK) and Mycophenolate mofetil (CellSept, Roche, Welwyn Garden City, UK) 

were obtained in soluble formulation and used at the physiological therapeutic concentrations: 

Prograf®, 10ng/ml [37] and Mycophenolate mofetil, 3µg/ml [38]. After 7 days’ culture, aliquots of 

4 x 105 cells were labelled with a combination of mAb as above and analysed for expression of 

HLA-G using an Accuri C6 flow cytometer. 

2.6 Soluble HLA-G ELISA 

Serum samples from healthy subjects and renal transplant patients were stored at -20ºC and 

assayed together for soluble HLA-G (sHLA-G) using an ELISA kit (Oxford Biosystems, UK) according 

to the manufacturer’s instructions. Samples were taken from transplant patients immediately 

prior to transplantation and at intervals of 2, 6 and 12 months post-transplantation, diluted 1:8 

with PBS and assayed for sHLA-G. 

2.7 Statistical Analysis 

Differences in proportions of leucocyte subpopulations expressing HLA-G before and after 

transplantation were tested using a Wilcoxon matched-pairs signed rank test (two tails). Levels of 

sHLA-G before and after transplantation were compared using a Mann-Whitney U-test. In all cases, 

p<0.05 was considered as statistically significant. 

3. Results 

3.1 Changes in Leucocyte HLA-G Expression Post-Transplantation  

HLA-G expression by a range of leucocyte subsets was examined immediately prior to 

transplantation and at 2 months post-transplant in a group of 21 kidney transplant patients. 

Proportions of HLA-G+ total CD4+ T cells and CD4+45RA+ and CD4+45RO subsets pre-

transplantation were <0.5% except for CD4+69+ cells (3.6+/-1.2%). A significantly higher 

proportion of CD4+ T cells expressed HLA-G at 2 months post-transplant and this was also found 

both for CD4+45RO+ and CD4+45RA+ cells as well as for CD4+69+ subsets (Figure 1). 

When a similar comparison was made of CD8+ T cells and their subsets pre-transplantation, <1% 

of cells were HLA-G+ in total CD8+ and CD8+45RA+ populations, with 2.4+/-0.8% of CD8+45RO+ 

and 11.1+/1.7% of CD8+69+ cells being positive. All CD8+ T cell subsets showed an increase in 

proportions of HLA-G+ cells but, unlike for CD4+ T cells, in no cases did this reach statistical 

significance (Figure 2). 

Expression of HLA-G by other leucocyte subsets pre- and 2 months post-transplantation is 

shown in Figure 3. Proportions of HLA-G+CD56+ T cells were initially high (14.7+/-3.7%) and 

increased further post-transplantation. Both NK cells (CD3-CD56+) and B cells (CD19+) initially had 
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around 1% of HLA-G+ cells which were increased at 2 months post-transplantation. Around 4% of 

monocytes were initially HLA-G+, increasing slightly post-transplantation, but in no case did these 

increases reach statistical significance (Figure 3). Representative flow cytometry plots for CD8+ 

and CD56+ T cells are shown in Figure 4. 

 

Figure 1 Expression of HLA-G by total CD4+ T cells and subsets thereof from 21 renal 

transplant patients immediately before (open columns) and 2 months post-transplant 

(filled columns).  Results are expressed as mean +/- SEM; * p<0.01. 

 

Figure 2  Expression of HLA-G by total CD8+ T cells and subsets thereof from 21 renal 

transplant patients immediately before (open columns) and 2 months post-transplant 

(filled columns).  Results are expressed as mean +/- SEM; p>0.05 for all groups. 
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Figure 3 Expression of HLA-G by CD56+ T cells, NK cells, B cells and CD14+HLA-DR+ 

monocytes from 21 renal transplant patients immediately before (open columns) and 2 

months post-transplant (filled columns).  Results are expressed as mean +/- SEM; p>0.05 

for all groups. 

 

Figure 4 Representative flow cytometry plots for HLA-G expression by CD8+ and CD56+ 

lymphocytes measured in the same patient pre- and 6 months post-transplantation. A) 

Isotype control; B) BD8+ T cells pre-transplant; C) CD8+ T cells post-transplant; D) gating 

strategy for CD8+ T cells; E) CD56+ T cells pre-transplant; F) CD56+ T cells post-transplant. 
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All patients at risk for CMV infection received antiviral prophylaxis and none of them 

experienced an episode of CMV viremia, nor did any experience an episode of acute rejection, 

during the period of the study. 

3.2 Changes in Levels of Serum Soluble HLA-G Post-Transplantation 

Serum samples were taken from a panel of 30 renal transplant patients immediately prior to 

and at 6 months post-transplantation. Levels of soluble HLA-G were measured by ELISA, showing a 

wide range of titers and in a pattern that was not normally distributed. Median levels were 

increased from 143U/ml (range 59-1255U/ml; n =20) to 246U/ml (range 49-969U/ml; n = 20) at 6 

months but, when analysed using a non-parametric method, this increase did not reach statistical 

significance (Figure 5). 

 

Figure 5 Serum soluble HLA-G concentrations in transplant patients before and at 6 

months after transplantation. Mean +/- SEM are shown; p>0.05. 

3.3 Effect of Immunosuppressive Drugs on HLA-G Expression 

In order to investigate the contribution of the standard maintenance immunosuppressive drug 

treatment to the observed changes, peripheral blood leucocytes from a panel of 5 healthy subjects 

were cultured in vitro with Prograf® and Mycophenolate mofetil at the effective concentrations 

maintained in vivo in transplant patients, in the presence or absence of CMV antigens. Cells 

cultured in CM for 7 days served as untreated controls. As there was a relatively high incidence of 

cell death in both treated and untreated populations, viable cells were gated for flow cytometric 

analysis based upon forward and side scatted properties. With culture in the immunosuppressive 

drugs alone, total CD4+ and CD8+ T cells showed no change in expression of HLA-G but both 

CD56+ T cells and B cells showed significantly increased proportions of HLA-G+ cells after 7 days 

(Figure 6). 
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NK cells and monocytes both had increased proportions of HLA-G+ cells but in neither case was 

this statistically significant. Stimulation with CMV antigens in the presence of immunosuppressive 

drugs resulted in a small but not statistically significant increase in the proportion of HLA-G+ CD4+ 

T cells compared to stimulation with CMV antigens alone. However, for CD8+ T cells 

immunosuppressive drugs led to lower proportions of HLA-G+ cells compared to stimulation with 

CMV antigens alone but in neither case were these changes statistically significant (data not 

shown). 

 

Figure 6 Expression of HLA-G by leucocyte subsets from healthy subjects (n=5) cultured 

for 7 days with (filled columns) or without Prograf® and mycophenolate mofetil at 

physiological concentrations (open columns). Results are expressed as mean +/- SEM; * 

p<0.05. 

3.4 Co-expression of HLA-G and CD103 after immunosuppressive drug treatment 

The same cell populations were also labelled with anti-CD103 to test for co-expression with 

HLA-G. Compared to untreated control cells, immunosuppressive drug treatment increased 

proportions of HLA-G+ cells for all CD103+ cell subsets tested. This was not statistically significant 

for classical T cell subsets but CD56+103+ T cells, CD103+ NK cells and CD103+ B cells all showed 

significantly higher proportions of HLA-G+ cells (Figure 7). 

Staining of replicate cell samples was performed using anti-CD257 (BAFF) and anti-CD268 

(BAFFR) to test for any effect of immunosuppression upon expression of B cell activating factor 

and its receptor. While there were increases in proportions of all lymphocyte subsets tested 

expressing both molecules, and also in proportions of HLA-G+ BAFF+ and HLA-G+ BAFFR+ cells, 

none of these changes were statistically significant (data not shown). 
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Figure 7 Expression of HLA-G on CD103+ leucocyte subsets from healthy subjects (n=5) 

cultured for 7 days with (filled columns) or without Prograf® and mycophenolate mofetil 

at physiological concentrations (open columns).  Results are expressed as mean +/-SEM; 

* p<0.05. 

 

Figure 8 Cell surface expression of KIR2DL4 on NK cell and T cell subsets from renal 

transplants (n=10) before (open columns) and at 2 months post-transplant (filled 

columns). Results are expressed as mean +/- SEM; p>0.05. 
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3.5 Expression of KIR2DL4 in transplant patients 

KIR2DL4 is one of the ligands for HLA-G and is expressed mainly on NK cells. A series of 10 

patients were tested for its cell surface expression on several NK and T cell subsets immediately 

prior to and 2 months post-transplantation.  In pre-transplant samples, 4.2+/-1.1% of T cells 

expressed KIR2DL4, with 7.7+/-2.3% of CD3+56+ cells expressing it (Figure 8). 

Similar proportions of CD56+ NK cells were positive (8.4+/-3.4%) but a higher proportion of the 

minor CD56bright subset (14.0+/-2.2%) was positive (Fig. 6). Matched patients were analysed 2 

months following transplantation and in all cell populations tested the proportions of cell surface 

KIR2DL4+ cells had increased, although none of these changes were statistically significant (p>0.05; 

Figure 8). 

4. Discussion 

In the context of clinical transplantation, expression of cell-associated or soluble HLA-G may be 

regarded as advantageous in prevention of acute rejection of transplanted organs. The 

significantly increased proportions of HLA-G+ CD4+ T cell subsets, including naïve, memory and 

activated cells, post-transplantation would potentially be able to mediate immune suppression of 

cells expressing ligands for HLA-G. This could be a result of selective proliferation of the small 

numbers of HLA-G+ cells or induction of HLA-G expression by previously negative cells. A 

proportion of the HLA-G+ CD4+ T cells, particularly of the CD69+ subset, may have been Tregs and 

it has been suggested that sHLA-G may participate in graft acceptance through induction of Tregs 

[39]. In our previous work with healthy subjects, only around 1-2% of Tregs expressed HLA-G and 

this proportion was decreased further following stimulation with CMV antigens [36]. Alternative 

possibilities are that HLA-G+ CD4+ T cells are a component of the alloreactive population or are 

induced following immunosuppressive drug treatment. Previous work has shown a significant 

increase in proportions of HLA-G+ CD4+ T cells post-renal transplantation in patients with stable 

graft function [39]. Furthermore, these cells were able to suppress a mixed lymphocyte reaction, 

indicative of a contribution to graft survival [40]. HLA-G expressed by dendritic cells or in soluble 

form can downregulate CD4 and CD8 on allostimulated T cells, leading to generation of suppressor 

function [41]. Both cell-associated [42] and soluble HLA-G are capable of suppressing 

alloresponses [43]. Alternatively, increases in HLA-G expression post-transplantation could be the 

result of re-activation of latent viruses, such as CMV or BK virus, although none of the patients 

studied showed any detectable viremia during the observation period.  

However, when cells from healthy subjects were incubated for 7 days in the presence of the 

standard immunosuppressive drugs used in kidney transplant patients, at therapeutic doses, no 

change in proportions of HLA-G+ CD4+ T cells was noted. This would be supportive of the 

possibility that allostimulation of CD4+ T cells leads to induction of HLA-G expression or expansion 

of a minor HLA-G+ CD4+ T cell population. There were, however, significant increases in 

proportions of HLA-G+ CD56+ T cells and B cells with immunosuppressive drug treatment and 

these could potentially contribute to production of soluble HLA-G. However, HLA-G detectable at 

the cell surface by monoclonal antibodies may not have been produced by those cells but could 

potentially have been taken up from other cells; mRNA analysis would be needed to ascertain the 

cellular source.  
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Proportions of both CD56+ T cells and B cells expressing HLA-G were significantly increased 

following stimulation in vitro of leucocytes from healthy subjects with CMV antigens [36] and also 

in kidney transplant patients in vivo [44]. It remains possible that immunosuppressive drug 

treatment of leucocytes in vitro permitted sub-clinical emergence of latent CMV in positive 

subjects, leading to enhancement of HLA-G expression. All at-risk renal transplant patients were 

treated with anti-CMV prophylaxis, which minimised the possibility of such CMV reactivation 

occurring in vivo during the first two months post-transplantation and was not noted in any of the 

study subjects.      

Although median levels of sHLA-G were not significantly increased in the present experiments, 

previous reports have described increases post-transplantation that were associated with graft 

acceptance [8, 45-48]. Serum rather than plasma samples were exclusively used in the present 

experiments and, as it has been reported that sHLA-G can absorb to fibrin clots [49], it remains 

possible that higher levels might have been found in plasma samples. Alloreactive CD4+ T cells 

have been reported to secrete sHLA-G, thereby suppressing the alloreactive response [50]. 

However, none of the patients in the present study experienced an episode of acute rejection 

within the first 2 months post-transplantation. Everolimus has been reported to upregulate HLA-G 

expression in heart transplant patients [51], specifically by enhancing synthesis by human 

coronary artery smooth muscle cells, and may be implicated in heart transplant acceptance [52]. 

The mucosal leucocyte integrin CD103 (αEβ7) has previously been reported to be expressed on 

CD8+ T cells mediating allograft rejection [53] but also on CD8+ regulatory T cells [54]. When co-

expression of HLA-G and CD103 was examined in CD56+ T cells, NK cells and B cells from healthy 

subjects cultured with immunosuppressive drugs, significant increases were found compared to 

untreated controls. This could be a result of either selective expansion of the small subsets of HLA-

G+CD103+ cells or induction of these markers on previously negative cells. In previous studies, 

rapamycin was found to enhance the numbers of CD103+CD8+ regulatory T cells [55] whereas 

tacrolimus reduced CD103+ expression in chronic graft-versus-host responses in vivo [56]. B cells 

do not normally express CD103 [57, 58] so the increased expression seen with immunosuppressive 

drugs in vitro may alter the migration pattern of some B cells if it occurs in vivo. Expression of HLA-

G on CD103+ cells in vivo could potentially lead to inhibition of ILT2, ILT4 or KIR2DL4 positive cells. 

Any immunosuppressive role of cell-associated or soluble HLA-G in clinical transplantation 

would be dependent upon expression of ligands for HLA-G. When expression of KIR2DL4 was 

examined prior to and at 2 months post transplantation, higher proportions of all lymphocyte 

subsets tested were noted, although in no case did this reach statistical significance. Cyclosporin A 

has been reported to induce ILT4 expression by a human NK cell line [59] and rapamycin induced 

dendritic cells expressing high levels of ILT4 [60], although in another report it was found to have 

the opposite effect on dendritic cell ILT2 and 4 expression [61].  However, in the latter case this 

led to T cell hyporesponsiveness [60]. Functionally, binding of HLA-G to ILT2-expressing B cells led 

to their inhibition [62].  

While upregulation of HLA-G expression in viral infection or malignancy would be 

disadvantageous to the host, in clinical transplantation it is potentially beneficial for long-term 

graft acceptance. It would be of interest to characterise more fully any changes in expression of 

HLA-G or its ligands following alloreactive responses to determine the feasibility of suppressing 

alloreactivity therapeutically. 
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