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ABSTRACT 
 

Studies on HLA-G, a nonpolymorphic antigen of non-classical HLA class I, is of basic 
and clinical significance. In the present study, the expression of HLA-G proteins in the 
human skin tissue sections of normal and autoimmune pemphigus vulgaris (PV) individuals 
were investigated using monoclonal antibodies.  

The antibodies recognized both membrane-bound and soluble isoforms of HLA-G. RT-
PCR was performed to assess the patterns of HLA-G mRNA transcripts in the epidermal 
cells of PV and normal subjects.  

HLA-G expression could only be detected at transcriptional level in normal skin tissues. 
However cells derived from PV subjects expressed detectable HLA-G molecules at both 
transcriptional and translational levels. In addition, the RT-PCR patterns of HLA-G 
amplification revealed a reduction in HLA-G2 and an increase in HLA-G1 transcripts in 
epidermal cells of PV patients as compared to normal cells.  

These observations further support suggestions in the literature regarding the role of 
HLA-G in induction of tolerance in autoimmune individuals. 
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INTRODUCTION 
 
Human leukocyte antigen, HLA-G, is a nonclassical 

HLA class I molecule which differs from its classical 
counterparts by  its  gene  being less  polymorphic,  and  
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encoding   proteins   which   are   expressed   in    lower 
amounts with a restricted tissue distribution.1 This 
protein has been detected on human extravillous 
cytotrophoblast cells, oocytes, early embryos and 
thymus.2 Furthermore, the human choriocarcinoma cell 
line, JEG-3, naturally expresses HLA-G.1,3 In addition 
to the membrane-bound forms, soluble forms of this 
antigen have been identified in plasma and in amniotic 
fluid.2,4 HLA-G molecules can inhibit natural killer 
(NK)cell-mediated cytolysis and protect semi-allogenic 
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fetus from maternal uterine NK cells in pregnancy.5,6 
Due to its presence on chorionic fetal endothelial cells, 
it has been shown to regulate chorionic villous 
angiogenesis. Furthermore its soluble isoforms may act 
as specific immunosuppressors during pregnancy.7 

Expression of HLA-G in certain human tumors 
implies a way for the tumor cells to escape 
immunosurveillance.8,9 HLA-G protein is expressed in 
a significant number on endometrial adenocarcinomas, 
in which it is localized to the glandular epithelium. 
HLA-G may serve as a clinical marker for the 
preoperative prediction of metastatic endometrial 
cancer.10 

The protein has also been described as a tolerogenic 
antigen of the MHC and a tissue protective molecule in 
inflammatory responses.11 A broader immuno-
inhibitory action of HLA-G molecules was described 
more recently in association with autoimmune 
diseases.12 

In the present communication, we report on the 
differences in the expression of HLA-G in normal and 
autoimmune (pemphigus vulgaris) individuals at both 
transcriptional and translational levels. 

 
MATERIALS AND METHODS 

 
Production of MAbs 

An HLA-G- specific peptide, consisting of 23 
amino acids of the following structure13,14 was 
synthesized: EEETRNTKAHAQTDRMNLQTLRG 
(Severn Biotech Ltd., UK). 

A terminal cysteine was attached to facilitate 
conjugation of the peptide using mailimidobenzoic N-
hydroxyl succinimide (MBS, Sigma) as a linker.

 

Keyhole limpet hemocyanin (KLH, Sigma) and bovine 
serum albumin (BSA) were chosen as carriers and the 
corresponding conjugates were used for immunization 
and antibody detection respectively.15 Hapten: MBS 
and carrier: hapten ratios (mol / mol) were adjusted at 
1:2 and 1:50, respectively. Other details have been 
described previously.16 

 
Preparation of Skin Sample 

The patients (PV) biopsies were obtained in 
cooperation with the Department of Dermatology of 
Imam Khomeini hospital in Tehran. This study was 
approved by the Institutional Review Board (IRB) of 
Faculty of Medical Sciences, Tarbiat Modares 
University. The patients were diagnosed based on 

clinical and immunofluorescence criteria by consultant 
dermatologist and were in the early stage of the disease. 
They had not received any systemic or local therapy. 
The biopsies were prepared from the parts of the skin 
including lesions. Normal foreskin of children 1-5 
years old was obtained as control skin.  

 The specimens were transferred into RPMI 
medium (GIBCO) supplemented with 10% FCS 
(GIBCO) and other additives including: 100 IU/ml 
penicillin, 0.1 mg/ml streptomycin (Sigma), 50 μg/ml 
gentamycin (Sigma) and 2.5 μg/ml fungizone (Bristol-
Myers Sqibb).  

 
Immunofluorescence Staining for HLA-G 
Expression studies 

Skin sections (0.5 μm) from five samples of each 
normal and patient subjects were prepared. The 
sections were air dried, fixed with acetone and washed 
with PBS. The primary Mabs of 5E6H7 16, specific for 
all isoforms of HLA-G, prepared in our laboratory or 
4H84 specific for all isoforms of HLA-G, kindly 
provided by S. Fisher and M. McMaster, (University of 
California, San Francisco were incubated for 35 min at 
room temperature. After washing, FITC-conjugated 
rabbit anti-mouse Igs (Fab)' 2 was applied (35 minutes, 
room temperature). Upon repeating the washing step, 
mounting solution (50 % glycerol in PBS), was applied 
on the slide sections before fluorescence microscopy.  

 
Conjugation of MAbs with Fluorochrome dyes 

The monoclonal antibodies of LP34 (Dako), 
specific for cytokeratins 5, 6 and 18, and 5E6H7 were 
conjugated with FITC (fluorescein-5 isothiocyanate, 
Merck) and Rhodamine-B-isothiocyanate (Merck) 
respectively.17 The conjugates were used for double 
fluorescence staining. 

 
Double Immunofluorescence Studies 

Skin sections of normal and patient (pemphigus 
vulgaris) individuals were prepared as mentioned 
above. The fluorochrome conjugates of LP34 and 
5E6H7 were added simultaneously and the incubation 
was carried out for 35 min at room temperature. Upon 
washing, samples were examined under fluorescent 
microscope. 

 
Isolation of Epidermal Cells for RT-PCR Studies 

Freshly isolated epidermal cells were prepared as 
follows:18,19 
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Skin samples were fragmented with sterile scalper 
and scissors and tissue fragments were washed in 
sterile PBS. Dispase II (Roche) was added (4U/ml) and 
the incubation was carried out at 4º C overnight. The 
epiderm and derm layers were separated using two fine 
scalpers. The epidermal layer (5 mm) was immensed 
into 500 μL Trizol LS reagent (Life Technologies) 
solution to denature the proteins and preserve the RNA 
molecules.  

 
Isolation and Culture of Human Foreskin Dermal 
Fibroblasts 

Small pieces of dermal layer from normal skin were 
isolated by fine scissors and scalpel. The dermal cells 
were treated with trypsin (0.2 %). They were then 
washed and cultured in RPMI medium supplemented 
with 10% FCS and antibiotics. The confluent cells were 
used as negative control for HLA-G transcription. 

 
Preparation of Extra Villous Cytotrofoblast from 
Term placenta 

Biopsies of term placenta related to extra villous 
cytotrofoblast region were fragmented into small pieces 
and introduced to 500 μL Trizol™ LS reagent solution 
and used as positive control for HLA-G transcription. 

 
Total RNA Isolation 

A solution of sodium acetate (50 μL, 3 M, pH: 5.2) 
was added to 500 μL of epidermal cells lysate in Trizol 
LS, followed by the addition of 500 μL nuclease-free 
water saturated phenol. Subsequently, 200 μL of 
chloroform-isoamylalcohol mixture, adjusted at 24: l 
(vol /vol), was added and the mixture was incubated for 
8-10 min at 4º C. After centrifugation (11000 RPM for 
6 min), cold isopropanol was added in equal volume to 
the supernatant and kept at -20º C for one hour 
according to a previously reported procedure. 20 Upon 
centrifugation, the pellet was washed with cold ethanol, 
dissolved in warm distilled water and kept in a freezer 
(-70º C).  

 
Reverse Transcription 

For the first strand cDNA synthesis, the total RNA 
was denatured at 65º C in distilled water for 8 min. 5 
μg of the RNA was added to the reaction mixture and 
incubated at 38º C or 55 min. The reaction mixture 
consisted of: 5 μL of 5x buffer (Roche), 1 μL of 
deoxynucleoside triphosphates (DNTP, 10 mM), 2.5 μL 
of dithiothreitol (DTT, 100 mM), 1 μL of oligo-dT (0.5 
μg/ μL), 0.5 μL of random hexamer (1 μg / μL), 0.5 μL 

of RNasin (36200 U/μL, Promega), 1 μL of MMLV 
reverse transcriptase (Roche) and 8.5 μL of distilled 
water.  

 
PCR Amplification 

PCR was carried out with 5 μL of each cDNA 
sample in a total volume of 20 μL of the reaction 
mixture containing: 2 μL of the pan-HLA-G primers 
(5 - GGA AGA GGA GAC ACG CAA CA-3 ́), (5΄ - 
GGC TGG TCT CTG CAC AAA GAG A-3) or β-actin 
primers 5 (5- TCG TCG TCG ACA ACG GCT CC-3), 
3 (5-GAA GCA TTT GCG GTG GAC GA-3), 2.5 μL 
of 10x reaction buffer (Roche), 2 μL of MgCL2 (50 
mM), 1 μL of dNTP (50 mM), 11 μL of d H2O and 0.5 
μL of Taq DNA polymerase (Roche).  

cDNA related to β-actin (1.1- kb fragment) was 
amplified as a control for RNA quality.  PCR was run 
at 94º C for 1 minute, at 58º C for 1.5 minutes, and at 
72º C for 2 minutes for 35 cycles, with a final extention 
of 10 minutes at 72º C. A total of 20 μL of each PCR 
reaction was analyzed following electrophoresis on a 
1.5 % agarose gel and staining with ethidium bromide.  

 
Statistics 

Intergroup differences were tested by non-
parametric Mann-Whitney test. A Ρ-value of less than 
0.05 was considered significant. 

 
RESULTS 

 
HLA-G protein Expression Studies 

Immunofluorescence staining of the normal and 
patient (PV) skin sections using Mabs 5E6H7 and 
4H84 revealed that the HLA-G protein is expressed in 
four out of five patient samples but in none of the 
normal controls (Figure 1). To elucidate expression of 
HLA-G by human epidermal keratinocytes in normal 
and patient (PV) samples, two fluorochrome 
conjugates, one specific for human HLA-G and the 
other for cytokeratins were employed. Double staining 
with both monoclonal antibodies to keratinocyte 
specific antigens (cytokeratins) and HLA-G indicated 
that HLA-G protein is expressed by the keratinocytes 
of PV individuals (Figure 2). 

 
RT-PCR Studies 

β-actin primers were used in RT-PCR studies of the 
epidermal skin cells to determine the quality of the 
extracted RNAs and the relative expression of HLA-G.  
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   a       b 
Figure 1. Immunofluorescence staining used to detect HLA-G in human a) normal and b) patient (PV) skin sections using 
Mab 5E6H7. No fluorescence labeling (green color) is seen for the normal skin whereas green-yellow color staining of 
patient’s skin shows the reactivity with FITC-conjugate. The type of positive cells is not known in this study. Red color 
corresponds to Evans blue dye that was employed to neutralize auto fluorescence specificity of the skin tissue.  
 
 

 
 
Figure 2. Double Immunofluorescence of PV skin section 
with anti-HLA-G (red cells) and anti-cytokeratins (green 
cells). Double-positive cells show yellow color related to 
simultaneous expression of HLA-G and cytokeratins by 
skin keratinocytes. Excitation at 568 and 488 nm were 
used for rhodamine and FITC, respectively. 
Immunofleorescence image was obtained at 
approximately 400 × magnification.  

 
The RT-PCR method was simultaneously applied 

for both normal and patient samples using HLA-G and 
β-actin primers as described under Materials and 
Methods. Human term placenta was used as positive 
control. Using a software program (labworks™) 
densitometric (O.D.) analysis of each band related to 
the PCR products was carried out. The ratios of O.D.s 
related to HLA-G2 (700 bps) and β-actin (1100 bp) 

indicated a reduction in HLA-G2 transcript in the 
epidermal cells of patients as compared to the normal 
cells (p < 0.05) (Figure 3). 
 
 

DISCUSSION 
 
The presence of HLA-G transcripts has been 

demonstrated in a wide variety of cells in fetal and 
adult tissues, although the detected levels of mRNA are 
very low and could merely represent basal 
transcription.21 The role of HLA-G in maternal-fetal 
immune tolerance and protection against natural killer 
cells cytolysis has been demonstrated.22 

Recent studies suggest that HLA-G expression is 
involved to heart and liver-kidney graft acceptance23,24 
and certain autoimmune and inflammatory diseases. 
Lack of soluble isoforms of HLA-G has been reported 
in human thyroid follicular cells of graves-basedow.25 
However, HLA-G expression was shown in psoriatic 
skin sections and not in normal skin controls. 26 In a 
different study related to rheumatoid arthritis patients, 
increased levels of HLA-G5 were detected in their 
synovial fluids.27  

Organ-specific autoimmune diseases like PV is 
usually associated with a deficiency in tolerance  
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Figure 3. RT-PCR amplification results taken (photographed) with primers of HLA-G and β-actin genes to determine the 
relative expression of HLA-G. Skin epidermal cells of normal (N) and PV (P) individuals were used. This figure shows that 
HLA-G1 transcript (900 bps, arrow 1) exists in PV and not in normal samples. Whereas HLA-G2 transcript (700 bps, arrow 
2) indicates a decrease in epidermal cells of the patients as compared to the normal cells.  A sample derived from term 
placenta was used as positive control.  
 
 
 

induction mechanisms.28 In the present study, 
expression of HLA-G in PV was employed as an index 
of tolerance induction. Based on these findings, it is 
postulated that the detection of HLA-G in human 
tissues either in membrane-bound or soluble forms may 
be useful in distinguishing pathological conditions such 
as PV. In a different study, Gazit et al recently shown 
that HLA-G expression is associated with PV in jewish 
patients.29 Our studies using RT-PCR method have 
revealed an increase in HLA-G1 and a decrease in 
HLA-G2 transcripts in PV epidermal cells as compared 
to normal individuals (p <0.05). These results suggest 
that different patterns of HLA-G transcription occur in 
the epidermal cells of normal and PV individuals. 
Furthermore, HLA-G synthesis is accomplished in 
most of the PV skin samples and not in normal 
individuals.  

Our suggestion is in line with previous reports 
related to the role of HLA-G in induction of tolerance. 
Such an event is important in providing protection of 
cells or tissues from destruction by natural killer or 
inflammatory cells. It may also play a final mechanistic 
role in relation to induction of tolerance in 
inflammatory circumstances such as autoimmune 
diseases.  

This notion is in line with a recent observation 
indicating that HLA-G and NK receptors are expressed 
in psoriatic skin and act to down-regulate the 
deleterious effects of T-cell infiltrate in this disease.26 It 
may also act as an inhibitory factor, like prostaglandin 

E2, or transforming growth factor-β that are produced 
from epidermal keratinocytes and contribute to the 
immunohomeostatic balance of the skin at the end of 
inflammation.30 A role of HLA-G in providing repair 
by diminishing inflammation is also suggested by this 
mechanism.  

In conclusion, it is suggested that the expression of 
HLA-G gene is regulated at both transcriptional and 
translational levels with distinct differences in normal 
and PV individuals. Establishing the mechanism by 
which HLA-G would modulate inflammatory responses 
would need further investigations. 
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