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INTRODUCTION 

Statement of the problem 

B cells play a vital role in immunity via antigen presentation, production of 

antibodies and cytokines, and acting as memory cells. B cell response has been 

shown to mediate chronic allograft rejection. Chronic allograft rejection is the 

main cause of long-term transplant failure in patients and the primary method to 

prevent rejection is through continuous use of immunosuppressive drugs. These 

treatments have helped, but they induce global immune suppression and render 

patients susceptible to infections and diseases. The over-all goal that this 

research addresses is to find a natural, more effective, less toxic way of 

treating/preventing transplant rejection without the required use of 

immunosuppressive treatments in order to attain natural tolerance in allograft 

transplantation. Recently, human studies have identified kidney transplant 

patients with long-term allograft acceptance that do not require 

immunosuppressive treatments and B cell signature was correlated with this 

natural allograft tolerance. 

Human leukocyte antigen-G (HLA-G) has emerged as a potential therapeutic 

tool that induces tolerance in organ transplantation. HLA-G binds to inhibitory 

receptors such as IL T2, IL T4 and KIR2DL4 and suppresses the function of 

immune cells such as T cells, B cells and natural killer (NK) cells. HLA-G exists 
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as monomers but can form dimers via disulfide bond linkage and studies have 

shown that HLA-G dimers (HLA-Gd) induce greater IL T2 signaling than HLA-G 

monomer (HLA-Gm). The binding of HLA-G to its inhibitory receptors was shown 

to prolong allograft survival in murine models 

HLA-G has been shown to inhibit dendritic cell (DC) function and T cell 

function, but little is known about the effect of HLA-G on human B cells. Recent 

studies demonstrate that HLA-G (which may contain monomer or/and dimer) 

suppresses B cell response via IL T2 receptor, but no data is available that 

demonstrates the effect of HLA-Gm and HLA-Gd on human B cell response. 

Therefore, the first objective is to investigate the independent role of HLA-Gm 

and HLA-Gd in the regulation of B cell response. The second objective is to 

investigate the role of HLA-Gd in kidney transplant patients. 
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LITERATURE REVIEW 

Overview of B cell Function 

B cells are lymphocytes that express immunoglobulin receptors that bind 

to antigens. B cells play a vital role in adaptive immunity via antigen presentation, 

production of antibodies and cytokines, as well as functioning as plasma and 

memory cells. During development in the bone marrow, B cells undergo VDJ 

recombination to become mature B cells. Types of B cells include plasma, 

marginal-zone, follicular, memory and regulatory B cell. 

B cells circulating in the body gets activated once their B cell receptor 

(BCR) engages a matching antigen. Activated B cells internalize, process and 

present peptide antigen to primed T cells through MHC Class II, leading to the 

activation ofT helper cells (1 , 2). Cytokines released by T cells and co

stimulatory molecules such as CD40L aid in B cell maturation. B cells also up

regulate expression of co-stimulatory molecules such as COSO and CD86 

necessary forT cell activation and immune stimulation. On the other hand, B 

cells can also regulate T cell and DC function via release of regulatory cytokines 

such as IL-10 and TGF-~; resulting in the expansion of regulatory T cell (Tregs) 

(3, 4 ). It has been demonstrated that B cells preferentially expand allogeneic 

FoxP3 + CD4 T cells (5). B cell activation can also occur through a T -cell 

independent manner (6) by toll like receptors or cross-linking of antigen. 
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B cells and Diseases 

B cell response has been implicated in allograft rejection through 

production of antibodies against donor MHC antigen (7, 8) and in autoimmune 

diseases such as SLE, mainly through production of autoreactive antibodies (9). 

Chronic allograft rejection is the main cause of long-term transplant failure in 

patients and B cell function which includes support ofT cell response, have been 

shown to mediate chronic allograft rejection (1 0). B cell response has also been 

implicated in various malignancies including mantle cell lymphoma (11 ), chronic 

lymphocytic lymphoma (12, 13) and non-Hodgins lymphoma (14). Treatments for 

some B cell diseases include rituximab which binds to CD20 on B cell and cause 

B cell destruction and ibrutinib which inhibits bruton's tyrosine kinase and 

therefore prevents B cell growth and survival. Nonetheless, novel therapies for B 

cell diseases are still needed (15). Recently, human studies have identified 

renal transplant patients with long-term allograft acceptance that do not 

require immunosuppressive treatments and B cell signature was correlated 

with this natural allograft tolerance (16). HLA-G which is a tolerogenic natural 

molecule has emerged as a potential therapeutic tool that confers tolerance in 

transplantation. 

Overview of HLA-G 

HLA-G is a non-classical MHC Class I molecule and differs from other 

HLA molecules because it expresses low polymorphism and is physiologically 



expressed on select cells such as trophoblast cells, stem cells, adult thymic cells 

and pancreas (17), as well as in pathological conditions such as cancer, 

transplantation, HIV infection and inflammatory diseases (17, 18). HLA-G binds 

to inhibitory receptors such as IL T2, IL T4 and KIR2DL4 and inhibits the function 

of immune cells such as T cells, B cells and NK cells (19-26). HLA-G has one 

primary transcript but generates seven different isoforms through alternative 

splicing; of which four are membrane bound (HLA-G1 , -G2, -G3, and -G4) and 

three are soluble (HLA-G5, -G6, and -G7). The soluble form of HLA-G can be 

generated via secretion or via shedding of the membrane bound HLA-G by 

metrixmetalloproteinases (27). The expression of HLA-G is tightly regulated by 

environmental factors, such as stress, hypoxia, cytokines, and hormones (28). 

5 

HLA-G exists as monomers but can dimerize through disulfide-bond 

formation of the cysteine residue. HLA-G dimer (HLA-Gd) induces greater 

inhibitory effect by binding to multiple receptors. HLA-Gd binds IL T2 receptor with 

greater affinity and slower dissociation rate and also confers stronger IL T 

signaling than HLA-G monomer (HLA-Gm) (19, 29). HLA-G expression was first 

discovered during pregnancy; on fetal trophoblast cells and is one of the 

molecules responsible for protecting the fetus from the maternal immune system 

(30, 31 ). The ability of HLA-G to confer natural tolerance has led to its 

investigation as a potential treatment in transplantation . 
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HLA-G and Diseases 

Decreased expression of HLA-G during pregnancy has been noted as a 

contributing factor to preeclampsia and multiple miscarriages (32-34 ). High levels 

of soluble HLA-G (sHLA-G) has been associated with higher pregnancy and 

implantation rate. It has also been noted that high levels of sHLA-G correlates 

with several clinical diseases such as HIV infection, asthma, systemic lupus 

erythematosus, and rheumatoid arthritis. Also, increased sHLA-G levels have 

been correlated with poor prognosis in patients with solid tumors, acute 

leukemia, chronic lymphocytic leukemia, breast cancer, lymphoma, melanoma, 

glioma, lung carcinoma and renal carcinoma (18, 35). 

HLA-G and Transplantation 

HLA-G has emerged as a potential therapeutic tool to induce tolerance in 

organ transplantation (36) and the binding of HLA-G to its inhibitory receptors 

have shown to prolong allograft survival in mice models (37). Previous studies 

have shown the presence of sHLA-G in bodily fluids of patients undergoing 

transplantation and is involved with prolonging allograft survival in organ 

transplant patients (38-40). This suggests that the presence and production of 

sHLA-G is important in prolonging transplant survival and the function of matrix 

metalloproteinases have been shown to contribute to the pool of s HLA-G via 

shedding (27). 
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Matrix Metalloproteases 

Matrix metalloproteinases (MMPs) are involved with the breakdown of 

ECM and play an essential role in morphogenesis, reproduction, embryonic 

development and tissue remodeling. MMPs are transcriptionally regulated by 

hormones, cytokines, growth factors and cellular transformation ( 41 , 42). MMPs 

are synthesized as pro-enzymes which are inactive, but become active once the 

pro-peptide domain is cleaved off. Increased expression of MMPs have been 

identified in various diseases such as cancer and autoimmune disease (43). 

Various MMPs exist but MMP 2 and MMP 9 are involved with inflammatory 

response, as well as participate in the shedding of membrane-bound HLA-G (27). 

Therefore MMPs may contribute to the circulating soluble form of HLA-G via 

shedding. 
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HYPOTHESIS 

We will test the hypothesis that HLA-G dimer reprograms human B cell response 

towards tolerance and towards prolonging allograft kidney transplant. 

SIGNIFICANCE 

HLA-G is a potential therapeutic tool that can induce tolerance in organ 

transplantation (36) and the binding of HLA-G to its inhibitory receptors have 

been shown to prolong allograft survival in mice models (37). B cells express 

IL T2 receptor ( 44) and while HLA-G was shown to suppress B cell function 

through IL T2 ( 45), the effect of HLA-Gd and HLA-Gm on human B cell response 

has not been analyzed. Therefore, we will evaluate the role of HLA-Gm and HLA

Gd in reprogramming human B cell response towards tolerance and its potential 

clinical significance in human transplant survival. The results obtained from this 

study will improve scientific knowledge on the unique tolerogenic properties of 

HLA-G and will provide a novel strategy to use HLA-Gd and HLA-Gm as a 

natural treatment for patients undergoing allograft transplantation. The results 

obtained from this study will also expand scientific knowledge and help decipher 

other possible treatments for B cell related diseases. 



MATERIALS AND METHODS 

Reagents 

Cells were treated with human TruStain FcX (Fe receptor blocking solution) 

(Biolegend, San Diego, CA, USA) and stained using fluorochrome-conjugated 

human-specific mAbs against CD3, CD19, CD40, CD86, IL-10, HLA-DR and 

HLA-G. All monoclonal antibodies were purchased from BD Biosciences (San 

Jose, CA, USA) or from Biolegend. Flow cytometry was performed using 

FACSCanto (BD, Franklin Lakes, NJ, and USA) and data were analyzed using 

BD Facsdiva software. LPS and ProteoPrep lmmunoaffinity Albumin and lgG 

Depletion commercial kit were purchased from Sigma-Aldrich. MEM-G/9 

monoclonal antibody, CD40L, Annexin-FITC and Propidium iodide were obtained 

from Biolegend Inc. Goat anti-mouse lgG-HRP secondary Ab was purchased 

from Santa Cruz Biotechnology. Coomassie Brilliant Blue stain and Coomassie 

Brilliant Blue De-staining solution were purchased from Bio-Rad. HLA-G 

monomer and HLA-G dimer was obtained from our Japanese collaborator. Cell 

Fixation/Permeabilization Kits for Intracellular Cytokine Analysis was 

purchased from BD Biosciences. 
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Patient information and select ion 

Written informed consent was signed by each patient that participated in 

our study and the protocol was approved by the Human Assurance Committee of 

Georgia Regents University. We enrolled 126 kidney transplant recipients in this 

study, of which 108 patients had no evidence of rejection (NR) and 18 patients 

had chronic rejection (CR). Kidney function and rejection was evaluated by 

creatinine level and verified by biopsy. Table 1 gives a summary of the 

demographic information of the patient population. 

NR CR 

Total number, n 108 18 

Male 59 4 

Female 49 14 

Recipient Age, yr, mean, 56 (24-82) 47 (27-75) 
range 

Caucasian, n 38 5 

African American, n 68 12 

Hispanic, n 2 1 

Table 1. Demographic distribution of kidney transplant patients 
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METHODOLOGY 

Separation of human plasma and PBMCs from whole blood 

Whole blood samples were obtained from kidney transplant patients and 

collected in EDT A tubes. Red blood cells and plasma was allowed to separate at 

room temperature for 1-2 hours and the separated plasma was transferred to a 

sterile tube and spun down for 1.5 minutes at 1200rpm. Plasma aliquots from the 

supernatant were stored at -aooc freezer. The residual blood was diluted with 20 

ml of DPBS and gently layered with 15 ml Histopaque 1077 and spun down for 

30 minutes at 1500rpm. The interphase cells containing PBMCs were isolated, 

washed with DPBS and mixed with freezing medium (FBS and 10% DMSO). 

Aliquots of PBMCs were stored in liquid nitrogen. 

Measurement of plasma protein concentration 

In order to quantify the amount of plasma protein needed for zymography 

and detection of MMP-2 and MMP-9, 1 part of Bradford dye was diluted with 4 

parts of de-ionized water. 2001JL of the diluted Bradford dye was added to each 

well in a 96 well plate. Bio-Rad protein assay standard was added in duplicates 

in amounts of 0, 1, 2, 4, 8, and 161JL to the 96 well plates. 11JL of diluted plasma 

samples (1 :50) were added to wells with only Bradford dye. Relative absorbance 

reading was recorded at excitation of 490nm and KC4 program was used for 

analysis. The appropriate amount of plasma protein needed per sample for 

zymography was calculated. 
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Detect ion of MMP 2 and MMP 9 enzymatic act ivity by zymography 

For the detection of MMP 2 and MMP 9 enzyme activity in human plasma 

samples, 1 part of plasma sample calculated from the Bradford assay was diluted 

with 2 parts of zymography buffer. Diluted plasma samples were loaded and run 

on gelatin gels at 100 volts. After running, the gels were washed twice with 

zymography wash buffer and incubated at 3r C for 22-24 hours in zymography 

development buffer. In order to visualize the bands, the gels were stained with 

Coomassie brilliant blue dye for 3 hours at room temperature and then destained 

with Coomassie brilliant blue destaining solution for 30-45 minutes. After 

destaining, the gels were soaked in water overnight to equilibrate. After 

equilibration, the gels were scanned and the relative band density was analyzed 

using lmageJ program. 

Depletion of albumin and lgG from plasma before immunoprecipitation 

Depletion of albumin and lgG proteins that could interfere with the 

immunoprecipitation of HLA-G from plasma was achieved by using ProteoPrep 

lmmunoaffinity Albumin and lgG Depletion commercial kit (Sigma-Aldrich, Saint 

Louis, MO) and following the manufacturer's protocol. Briefly, the depletion 

columns were equilibrated by adding 400ul of equilibration buffer to the spin 

column and spun down for 5-10 seconds at 1200rpm. The equilibration step was 

repeated twice. Then the plasma samples were diluted (50ml) to 100ml of 
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equilibrium buffer and added to the spin column. The plasma samples were left 

to absorb into the column for 10 minutes at room temperature and spun down at 

1 0,000 rpm for 60 seconds. This absorption step was repeated twice. The 

remaining unbound proteins were washed with 125ml of equilibration buffer and 

centrifuged for 60 seconds. The depleted plasma samples were then used for 

immunoprecipitation. 

lmmunoprecipitation of depleted plasma for western blot 

Following depletion, 1 OO~L depleted plasma samples were added to 

1 OO~L of RIP A buffer containing protease inhibitor cocktail , Na2VOs and PMFS 

and incubated on ice for 15 minutes. Protein G beads slurry was added to the 

plasma lysate and incubated for 60 minutes at 4°C. After incubation, the lysate 

was spun down at 12000 rpm for 15minutes at 4°C and the supernatant was 

transferred to a new tube. MEM-G/9 antibody was added to the supernatant and 

incubated at 4°C overnight. After incubation, 50~L of protein G beads slurry was 

added to the plasma lysate, incubated for 1 hour at 4 oc and centrifuged at 

12000rpm for 30 seconds. The supernatant was discarded and Laemmli sample 

buffer was added to the bead pellet. The mixture was denatured at 95°C and 

spun down. The supernatant was loaded unto 10% gels for electrophoresis. 
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Gel electrophoresis and western blotting for detection of HLA-G monomer 

and HLA-G dimer 

Depleted/immunoprecipitated plasma (30~L) was separated on 10% 

running gel and 5% stacking gel, and transferred to PVDF membrane by 

electrophoresis. The membrane was blocked with 5% Bovine Serum Albumin 

(BSA) in TTBS for 1 hour and incubated overnight with MEM-G/9 antibody. The 

next day, the membranes were washed with TBS/Tween buffer and probed with 

goat anti-mouse lgG HRP secondary antibody for 1 hour. Chemiluminescent 

HRP conjugated detection reagent was used for detection in a dark room. 

Analysis was performed using imageJ software and the relative band density was 

measured. 

HLA-G treatment and activation of immune cells 

Peripheral blood mononuclear cells were added to culture medium 

supplemented with penicillin/ Streptomycin, FBS and L-glutamine. One million 

cells in 1 ml of media were plated into 24 well plates. Cells were stimulated with 

LPS (5~g/ml) and CD40L (1 ~g/ml). HLA-G monomer or HLA-G dimer 

(100ng/ml) were added to each cell cultures and harvested 48 hours later. 
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Cell surface marker staining 

Cultured cells were harvested, washed with PBS and added to 96 well 

plates. Fe receptors were blocked with Fe block and incubated for 20 minutes on 

ice. After incubation, the cells were centrifuged at 1200 rpm for 5 minutes and the 

supernatant was discarded. Conjugated antibodies were diluted in PBS and 

added to the cell pellet. The mixture was incubated for 30 minutes at 4°C in the 

dark. Following incubation, the cells were centrifuged at 1200 rpm for 5 minutes 

and washed with PBS. Stained cells were re-suspended in FACS staining buffer 

and analyzed by flow cytometry. 

Detection of intracellular cytokine 

Cells were stimulated for 24 hours and 2~L of BD Golgistop was added to 

3ml of cell culture and incubated for 6 hours. Cultured cells were harvested and 

washed with PBS. Washed cells were plated into 96 well plates and stained for 

cell surface marker as described above. Stained cell pellet were re-suspended in 

1 00~1 of fixative/permeabilization solution and incubated for 20 minutes at 4 oc. 

Cells were washed twice with 250~L of BD perm/wash buffer. Fixed/perm cells 

were re-suspended in 50~L of BD perm/wash buffer containing IL-10 conjugated 

antibody and incubated for 30 minutes at 4 oc in the dark. Stained cells were 

washed twice with 250~L of BD perm/wash buffer and re-suspended in FACS 

staining for flow cytometry. 
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Detection of apoptosis and necrosis 

Annexin V is used to detect apoptotic cells and it binds to 

phosphatidylserine (PS). In healthy cells, PS is normally found in the intracellular 

part of the plasma membrane. But in apoptotic cells, the membrane symmetry is 

lost which allows PS to translocate to the external part of the plasma membrane. 

Annexin alone cannot differentiate between apoptotic and necrotic cells, 

therefore, propidium iodide is used as well (Figure 1 ). Propidium iodide is an 

intercalating agent that binds to DNA and is used to identify necrotic cells. 

Cultured PBMCs were stimulated and harvested after 48 hours and then stained 

with CD19 and CD3 surface markers. After cell surface staining, the cells were 

resuspended in 100 ~L Annexin V Binding Buffer. 5 ~L of Annexin V and 10 ~L 

of Propidium iodide solution were added to the cell suspension and incubated for 

15 minutes at room temperature in the dark. After incubation, 400 ~L of Annexin 

V binding buffer were added to each tube and analyzed by flow cytometry. 

105 
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Figure 1. Schematic of the identification of apoptosis and necrosis on a flow chart 

using PI and Annexin V (Interpretation from BDbiosciences) 
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Population gating by flow cytometry 

After all PBMCs were harvested and stained, they were analyzed by flow 

cytometry. Approximately 10,000 cells were acquired per sample. Lymphocytes 

were gated based on their size and granularity on the forward and side scatter 

plot (Figure 2) and B cells were gated on CD19 positive cells. For some 

experiments, CD3 antibody was used to achieve further separation and 

identification of CD19 positive cells. Further B cell analysis was performed based 

on this gated B cell population. 

Figure 2. Gating of Lymphocytes and B cell population in PBMCs by flow 

cytometry 
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Statistical analysis 

All statistical analysis was performed using NCSS 2007 software (NCSS, 

Kaysville, Utah, USA) and GraphPad Prism (GraphPad Software). Two-sample t

test was performed for all statistical analysis. Statistical significance was 

considered with p-value less than 0.05 and marked as asterisks in the figures. 

For all in vitro HLA-G analysis, the experiments were repeated five times using 

PBMC from 5 different individual sources and is represented by n = 5 in the 

results section. 



RESULTS 

Expression levels of HLA-DR on human B cells treated with HLA-G 

monomer and HLA-G dimer 

B cell function has been implicated in mediating allograft rejection and the 

antigen presenting function of B cells via HLA-DR has been shown to aid in T cell 

activation and T cell cytotoxic destruction of allograft. In this experiment, we 

analyzed the effect of HLA-G monomer and HLA-G dimer on HLA-DR surface 

expression in activated B cells. B cells in PBMC where either unstimulated or 

stimulated with LPS and CD40L and then treated with either HLA-G monomer or 

HLA-G dimer. After 48 hours, the cells were harvested and stained with CD19, 

C03, and HLA-DR antibody. The mean fluorescence intensity was measured by 

flow cytometry (Figure 3a) and the statistics for each sample (n = 5; the 

experiment was repeated five times using PBMC from 5 different individual 

sources) were recorded as mean± SEM. As expected there was an increase in 

HLA-DR expression in stimulated cells compared to unstimulated cells; indicating 

that B cells were activated by the stimulants. There was no significant difference 

in the levels of HLA-DR expression on B cells treated with HLA-Gm and HLA-Gd 

compared to stimulated B cells (Figure 3b ). 
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Figure 3. Flow cytometry data of HLA-DR surface expression on stimulated human 8 
cells. PBMCs were stimulated with LPS and CD40L and treated with HLA-Gm and HLA
Gd. After 48 hours, HLA-DR expression on CD19+ cells was analyzed by flow cytometry 

(A) Representative histogram overlay (B) Quantification of the mean fluorescent 
Intensity (MFI) of HLA-DR+ 8 cells in unstimulated, stimulated, HLA-Gm and HLA-Gd 

treated PBMCs. 
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Decreased levels of CD40 expression in human B cells treated with HLA-G 

monomer and dimer 

CD40 is a co-stimulatory molecule necessary forB cell maturation, 

activation, isotype class switching and thus antibody production which plays an 

important role in allograft rejection. Therefore, in this experiment, the effect of 

HLA-Gm and HLA-Gd on the expression of CD40 on B cells was analyzed. B 

cells in PBMC where either unstimulated or stimulated with LPS and CD40L and 

then treated with either HLA-G monomer or HLA-G dimer. After 48 hours the 

cells were harvested and stained with CD19, CD3, and CD40 antibody. The 

mean fluorescence intensity was measured by flow cytometry (Figure 4a) and the 

statistics for each sample (n = 5) was recorded as mean± SEM. 

As expected there was an increase in CD40 expression in stimulated cells 

compared to unstimulated cells; indicating that B cells were activated. The level 

of CD40 expression was significantly lower on B cells treated with HLA-G 

monomer and HLA-G dimer compared to stimulated B cells (Figure 4b ). Also, 

HLA-Gd induced a greater significant decrease in CD40 expression on B cells. 

This suggests that decreasing the level of CD40 expression may be an avenue 

by which HLA-Gm and HLA-Gd may reprogram human B cell towards tolerance. 

This result is supported by a recent study which demonstrated that HLA-G 

inhibits antibody production in B cells (45), since CD40 is important for isotype 

class switching and thus antibody production in B cells. In the future , the 

mechanism by which HLA-G down regulates CD40 expression on B cells will be 

investigated (See discussion). 
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Figure 4. HLA-Gm and HLA-Gd decreases CD40 surface expression on human 8 cells. 
PBMCs were stimulated with LPS and CD40L and treated with HLA-Gm and HLA-Gd. 

After 48 hours, CD40 expression on CD19+ cells was analyzed by Flow cytometry (A) 
Representative flow cytometry histogram overlay and (B) Quantification of the 

percentage of CD40+ 8 cells in unstimulated, stimulated, HLA-Gm and HLA-Gd treated 

PBMCs. 



Expression levels of CD86 in human B cells treated with HLA-G monomer 

and dimer 
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The surface expression levels of CD86 was analyzed on activated B cells 

treated with HLA-Gm and HLA-Gd. CD86 is a co-stimulatory molecule that binds 

to CD28 and CTLA-4 on T cells. This signal is necessary forT cell activation and 

survival, thereby playing an important role in allograft rejection. B cells in PBMC 

where stimulated with LPS and CD40L, and treated with either HLA-Gm or HLA

Gd. After 48 hours, the cells were harvested and stained with CD19, CD3, and 

CD86 antibody. The mean fluorescence intensity was measured by flow 

cytometry (Figure Sa) and the statistics for each sample (n = 5) was recorded as 

mean± SEM. There was an increase in CD86 expression in stimulated cells 

compared to unstimulated cells; indicating that B cells were activated. There was 

no significant difference observed in the levels of CD86 expression between B 

cells treated with HLA-Gm or HLA-Gd compared to stimulated B cells (Figure 

Sb). 
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Figure 5. CD86 surface expression on stimulated human 8 cells treated with HLA-Gm 
and HLA-Gd. PBMCs were stimulated with LPS and CD40L and treated with HLA-Gm 

and HLA-Gd. After 48 hours, CD86 expression on CD19+ cells were analyzed by Flow 
cytometry (A) Representative histogram overlay and (B) Quantification of the 

percentage of CD86+ 8 cells in unstimulated, stimulated, HLA-Gm and HLA-Gd treated 
PBMCs. 
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Intracellular levels of IL-10 in human B cells treated with HLA-G dimer 

B cell signature such as IL-1 0 production was shown to correlate with 

natural tolerance in kidney transplant patients. Also, regulatory B cells which 

produce IL-10 has regulatory function and aids in reducing the inflammatory state 

that promote allograft rejection. Therefore, the levels of intracellular IL-10 were 

measured in B cells. B cells in PBMC were either unstimulated or stimulated with 

LPS and CD40L. Stimulated cells were treated with either HLA-Gm or HLA-Gd 

and kept in culture for 24 hours. Golgi-stop was added to the cultures 6 hours 

before harvest. The cells were harvested and stained with CD19, CD3, IL-10 and 

isotype control antibody. The percentage of IL-10+ B cells were measured by 

flow cytometry (Figure 6a) and the statistics for each sample (n = 5) were 

recorded as mean± SEM. The levels of IL-10 was slightly elevated in B cells 

treated with HLA-Gm, but a greater increase was observed in HLA-Gd treated 

cells compared to stimulated B cells (Figure 6b). 
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Figure 6. Intracellular levels of IL-10 in stimulated human 8 cells treated with HLA-Gm 
and HLA-Gd. PBMCs were stimulated with LPS and CD40L and treated with HLA-Gm 
and HLA-Gd. After 24 hours, IL-10 levels in CD19+ cells were analyzed by Flow 
cytometry (A) Representative flow cytometry dot plot and (B) Quantification of the 
Percentage of IL-10+ 8 cells in unstimulated, stimulated, HLA-Gm and HLA-Gd treated 
PBMCs. 
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Apoptosis in human B cells treated with HLA-G monomer and dimer 

The next step was to evaluate apoptosis in 8 cells treated with HLA-Gm or 

HLA-Gd. 8 cells in P8MC were either unstimulated or stimulated with LPS and 

CD40L and then treated with either HLA-Gm or HLA-Gd. After 48 hours the cells 

were harvested and stained with CD19, CD3, Annexin and PI antibody. 

Apoptosis levels were measured by flow cytometry (Figure ?a) and the statistics 

for each sample (n = 5) was recorded as mean ± SEM. As expected stimulated 8 

cells had a significant increase in apoptosis levels compared to unstimulated 8 

cells; indicating 8 cell activation. However, there was no significant difference in 

apoptosis levels in 8 cells treated with HLA-Gm or HLA-Gd compared to 

stimulated 8 cells (Figure 7b). 
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Figure 7. Flow cytometry data showing apoptosis in stimulated human B cells treated 

with HLA-Gm and HLA-Gd. PBMCs were stimulated with LPS and CD40L and treated 
with HLA-Gm and HLA-Gd. After 48 hours, apoptosis was analyzed on C019+ cells by 
Flow cytometry (A) Representative density plot and (B) Quantification of the 

Percentage of apoptosis in B cells in unstimulated, stimulated, HLA-Gm and HLA-Gd 
treated cells. 
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Percentage of B cells and IL T2 positive B cells in kidney transplant patients 

IL T2 is the main HLA-G inhibitory receptor present on human B cells so 

the percentage of B cells and surface expression levels of IL T2 receptor on B 

cells in both NR and CR group of patients was analyzed . PBMC from NR and CR 

patient were stained with CD19 and IL T2 antibodies and evaluated by flow 

cytometry. The statistics for NR (n=18) and CR (n=18) patients were recorded as 

mean± SEM. First, the percentage of B cell population in both patient groups 

were determined and there was no significant difference observed (Figure 8). 

Then the levels of IL T2 surface expression on B cells were analyzed and there 

was no significant difference observed between NR and CR patients (Figure 9a 

and 9b). 
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Figure 8. Percentage of 8 cells in NR and CR patients. PBMCs from kidney transplant 
patients were analyzed for the presence of CD19+ 8 cells by Flow cytometry. (A) 
Representative flow cytometry dot plots and (B) Quantification of the Percentage of 
CD19+ 8 cells in NR and CR patients. 
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Figure 9. IL T2 receptor surface expression on 8 cells in NR and CR patients. PBMCs 
from kidney transplant patients were analyzed for the surface expression of IL T2 on 

CD19+ 8 cells by Flow cytometry. (A) Representative flow cytometry dot plots and (B) 
Quantification of the Percentage of IL T2+ 8 cells in NR and CR patients. 



Elevated percentage of HLA-G/Il T2+ B cells in kidney transplant patients 

with no rejection 
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HLA-G is involved in prolonging transplant survival via its inhibitory 

receptors and IL T2 is present on B cells. Therefore, we analyzed the levels of 

HLA-G on B cells, as well as the percentage of B cells that possess both surface 

expression of HLA-G and IL T2 in NR and CR group of patients. PBMC from NR 

and CR patient were stained with CD19, IL T2 and HLA-G antibodies and 

evaluated by flow cytometry. The statistics for NR (n=18) and CR (n=18) patients 

were recorded as mean ± SEM. The percentage of HLA-G+ B cells was slightly 

elevated in NR patients compared to CR patients (Figure 1 Oa and 1 Ob ). Next, we 

analyzed the percentage of B cells that express both HLA-G and IL T2 

concurrently on their surface. NR patients expressed a significantly higher 

percentage of HLAG/IL T2+ B cells compared to CR patients (Figure 11a and 

11 b). This indicates that HLA-G via IL T2 may play a crucial role in regulating B 

cell response and thereby prolonging kidney transplant survival in NR patients. 
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Figure 10. Elevated expression levels of HLA-G on 8 cells in NR patients. PBMCs from 
kidney transplant patients were analyzed for the surface expression of HLA-G on 

CD19+ 8 cells by Flow cytometry. (A) Representative Flow cytometry dot plots and (B) 
Quantification of the Percentage of HLA-G+ 8 cells in NR and CR patients. 
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Figure 11. Elevated surface expression levels of HLA-G and IL T2 on B cells in NR 
patients. PBMCs from kidney transplant pat1ents were analyzed for the expression of 
HLA-G and ILT2 on CD19+ 8 cells by Flow cytometry. (A) Representative flow 
cytometry dot plots and (B) Quantification of the Percentage of HLA-GIIL T2+ B cells 
in NR and CR oatients. 



Presence of HLA-G1 /G5 monomer and dimer in the plasma of NR and CR 

patients 
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The levels of sHLA-G 1/GS monomer and dimer isoforms were measured 

in NR and CR group of patients. Plasma samples from kidney transplant patients 

were depleted, immunoprecipitated and western blotted using MEM-G/9 mAb. 

The mean relative band density was measured using lmageJ software and the 

statistics for NR (n = 108) and CR (n = 18) patients were recorded as mean± 

SEM. The supernatant from 721 .221 human lymphoblastic cells transfected with 

HLA-G5 was used as positive control. Two bands were detected after western 

blot; one was sHLA-G monomer with a molecular mass of 39 kDa and sHLA-G 

dimer with a molecular mass of 78 kDa (Figure 3a). Although not significant, the 

level of total sHLA-G (sHLA-G monomer+ sHLA-G dimer) was higher in NR 

patients compared to CR patients (Figure 12b). In addition, the individual levels 

of sHLA-G monomer and sHLA-G dimer was found to be higher in NR patients 

compared to CR patients (Figure 12c and d). 



36 

A B sHLA-61/GS Monomer+ sHLA-61/GS Oimer 

~R K kD:s <. K <. K 

• 
0 

NR CR 

C sHLA Gl/GS Monomer D sHLA-Gl/GS Oimer 

UIO 

1: 21110 
"V 
c: 
~ 
~ 

• .i 1 • 
0 1 

D 

iii 
-.; 
c 

NR CR CR 

Figure 12. Presence of soluble HLA-G1/G5 monomer and dimer in the plasma of NR 
and CR patients. (A) Representative western blot image of sHLA-G monomer and 
dimer in NR and CR patients. (B) Relative band density of total sHLA-G1/G5 monomer 

+ sHLA-G1/G5 dimer, (C) Total sHLA-G1/G5 monomer and (D) Total sHLA-G1/G5 
dimer levels in NR and CR patients. 



Elevated levels of MMP 9 activity in the plasma of kidney transplant 

patients with chronic rejection 

37 

We analyzed the enzymatic activity of MMP 2 and MMP 9 in the plasma of 

NR and CR patients because they are involved with inflammatory processes. 

Also, MMP 2 has been shown to contribute to the production of sHLA-G via 

shedding of membrane-bound form of HLA-G1 . Bradford protein assay was used 

to quantify the amount of plasma protein which was loaded unto gelatin gels. 

After zymography, two bands were observed; a 68 kDa band (MMP 2) and a 90 

kDa band (MMP 9) (Figure 13a). The mean relative band density was measured 

using lmageJ software and the statistics for NR (n = 108) and CR (n = 18) 

patients were recorded as mean± SEM. There was no significant difference in 

the level of MMP 2 observed between NR and CR patients (Figure 13b). 

However, the levels of MMP 9 was significantly elevated (p < 0.05) in CR patients 

compared to NR patients (figure 13c). MMP 9 is known to be involved with 

inflammatory processes and since MMP 9 level is significantly higher in CR 

patients, this suggests that sHLA-G may play a role in controlling the 

inflammatory process, since sHLA-G levels were elevated in NR patients and 

decreased in CR patients. 
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Figure 13. Elevated levels of MMP 9 in CR patients. Gelatin zymography of MMP 2 
and MMP 9 enzymatic activity in the plasma of NR and CR patients. (A) 
Representative zymography images of MMP 2 and MMP 9 in NR and CR patients. (B) 
Quantification of the relative band density of total MMP 2 levels (C) Quantification of 
the total MMP 9 levels in NR and CR patients. 
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DISCUSSION 

In this study, the effect of HLA-Gm and HLA-Gd in the regulation of 8 cell 

response was investigated. In addition, the role of HLA-G in kidney transplant 

patients was also investigated. The tolerization of myeloid cells and T cells by 

HLA-G via IL T2 have been described in detail, but little is known about the effect 

of HLA-G on 8 cells. Recently the role of IL T2 via HLA-G on primary 8 cell 

function was described ( 45). In that study, the authors reported that HLA-G 

inhibited na"ive and memory 8 cell proliferation and antibody production in a T 

cell dependent and independent manner (45). They also reported that HLA-G 

favors the Th2 cytokine profile as well as decreases the expression of CXCR4 

and CXCR5 in germinal center 8 cells. They demonstrated that SHP-1 is 

important for HLA-G dephosphorylation of AKT and other proteins that regulate 8 

cell proliferation and differentiation. 

For the first time, in this study, we demonstrate the role of HLA-Gm and 

HLA-Gd in 8 cell response. It has been noted that HLA-G exists as monomers 

but possesses two free cysteine residues (at position 42 and 147) that can link 

together and form disulfide bonds; creating HLA-G dimers. Previous studies have 

shown that HLA-G dimer induces greater IL T2 signaling and inhibits NK cell 

immune killing response more efficiently than HLA-G monomer (19, 46-48). Also, 

HLA-G dimer conforms to an ideal structural orientation with increased avidity to 
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human ILT2, ILT4 and murine PIRB receptors and thereby induces a more 

efficient inhibitory signaling (29, 49). 
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We show that HLA-Gm causes a slight increase in intracellular levels of 

IL-10 in B cells but HLA-Gd causes a greater increase. IL-10 producing B cells 

have been shown to have regulatory functions (4, 50). Also, studies have 

identified a positive correlation between IL-1 0 producing B cells and tolerance in 

kidney transplant patients (16). Therefore, HLA-G may reprogram B cells to 

attain more regulatory properties by increasing IL=10 production. 

We also demonstrate that HLA-Gm and to a greater extent HLA-Gd, 

significantly dampens the expression of CD40 on B cells. CD40 is an important 

co-stimulatory molecule crucial for germinal B cell maturation, proliferation, 

differentiation, isotype class switching and production of antibodies. This 

indicates a possible avenue by which HLA-G may reprogram B cell to produce 

less antibodies via decreased expression of CD40. This finding is in accordance 

with reports by Naji et al. who demonstrated that HLA-G/IL T2 inhibits B cell 

antibody production (45). Also, clinical findings have identified heart transplant 

patients that expresses HLA-G to have reduced humoral response (39). Indeed, 

studies have demonstrated HLA-G dimers to have greater and more efficient 

IL T2 mediated signaling than HLA-G monomer (19), which supports our results. 

We also investigated the effect of HLA-Gm and HLA-Gd on CD86, HLA-DR 

expression and apoptosis in B cells and found no significant changes. 
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In future studies, it will be important to decipher the mechanism by which 

HLA-G down regulates the expression of CD40 on human 8 cells. We speculate 

whether this decrease may be via modulation of CD40 transcription genes, 

cytokines, degradation or microRNAs involvement. MIR-503 has been identified 

as a microRNA that targets CD40 in irradiated U937 cell (51). It has been 

demonstrated that TGF~ (52) and IL-4 (53) can inhibit CD40 expression in 

macrophages/microglia cells. 

A striking finding was the significantly elevated expression of HLA-G/IL T2 

positive 8 cell in the same group of kidney transplant patients with no rejection 

compared to patients with rejection. This data is significant because 8 cell 

response has been implicated in allograft rejection (10) and 8 cell signature has 

been associated with renal transplant tolerance in humans (16). This data 

indicates an association between HLA-G/IL T2 expression on 8 cells and 

prolongation of kidney transplant survival. This also suggests that HLA-G may 

play a role in reprogramming 8 cell response towards tolerance in kidney 

transplantation. In our future studies, we plan to analyze possible downstream 

mechanism of CD40 on 8 cells in kidney transplant patients, as well as CD40 

expression levels; since our in vitro studies have shown HLA-G to decrease 

CD40 expression on 8 cells. We also analyzed the percentage of 8 cells and 

IL T2 receptor expression between the two groups of kidney transplant patients 

and found no significant difference. 

In addition, we show that sHLA-Gd can be detected in the plasma of 

kidney transplant patients. We determined that the levels of sHLA-Gm, sHLA-Gd 
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and total sHLA-G (sHLA-Gm + sHLA-Gd) levels were elevated in patients with no 

rejection compared to patients with chronic rejection. This suggests that sHLA-G 

may play an important role in prolonging kidney transplant survival. This data is 

supported by our previous studies that shows that HLA-G prolongs allogeneic 

skin survival in ILT transgenic mice (19, 54, 55). It may be necessary to analyze 

the percentages of sHLA-G1 and sHLA-G5 dimers present in total sHLA-G in the 

future. 

MMP 9 is known to be involved with inflammatory processes and we 

demonstrate here that MMP 9 level is significantly higher in kidney transplant 

patients with chronic rejection; however no difference was observed in MMP 2 

levels. This suggests that sHLA-G may play a role in controlling the inflammatory 

process, since sHLA-G levels were elevated in patients with no rejection. This 

data is supported by a recent publication by Kuroki et al. (49), who demonstrated 

that collagen-induced arthritis mice model injected with HLA-G dimers induced 

significant anti-inflammatory effects via PIRB compared to HLA-G monomers. 



CONCLUSION AND FUTURE DIRECTIONS 

This study shows that HLA-G/IL T2 on 8 cells and sHLA-G present in 

plasma is associated with better kidney allograft survival. Our results also show 

that HLA-G may reprogram 8 cell immune response towards tolerance by 

decreasing CD40 expression on human 8 cells. Therefore, HLA-G can serve as 

a potential biomarker to regulate human immune and inflammatory responses. In 

the future, the expression of CD40 will be analyzed in kidney transplant patients 

and the downstream mechanism by which HLA-G down regulates the expression 

of CD40 on 8 cells will be investigated. 
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