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ABSTRACT
The non-classical HLA class I antigen HLA-G is an immune modulator which inhibits the functions of T cells, NK 

cells, and the Dendritic cells (DC). As a result, HLA-G expression in malignant cells may provide them with a mecha-
nism to escape the immune surveillance. In melanoma, HLA-G antigen expression has been found in 30% of surgically 
removed lesions but in less than 1% of established cell lines. One possible mechanism underlying the differential HLA-
G expression in vivo and in vitro is that the HLA-G gene is epigenetically repressed in melanoma cells in vitro. To test 
this hypothesis, we treated the HLA-G negative melanoma cell line OCM-1A with the DNA methyltransferase inhibitor 
5-aza-2’-deoxycytidine (5-AC) and analyzed whether HLA-G expression can be restored. Our data strongly suggest that 
HLA-G is silenced as a result of CpG hypermethylation within a 5’ regulatory region encompassing 220 bp upstream of 
the start codon. After treatment, HLA-G mRNA expression was dramatically increased. Western blot and flow cytometry 
showed that HLA-G protein was induced. Interestingly, HLA-G cell surface expression on the 5-AC treated OCM-1A 
cells is much less than that on the HLA-G positive JEG-3 cells while a similar amount of total HLA-G was observed. 
Possible mechanisms for the difference were analyzed in the study such as cell cold-treatment, peptide loading and antigen 
processing machinery components (APM) as well as β2 microglobulin (β2-m) expression. Data revealed that the APM 
component calreticulin might be involved in the lower HLA-G surface expression on OCM-1A cells. Taken together, our 
results indicated that DNA methylation is an important epigenetic mechanism by which HLA-G antigen expression is 
modulated in melanoma cells in vitro. Furthermore, to the first time, we hypothesized that the deficiency of calreticulin 
might be involved in the low HLA-G surface expression on the 5-AC treated OCM-1A cells.
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INTRODUCTION
The non-classical HLA class I molecule HLA-G was 

initially discovered on the fetal-maternal interface and 
considered as a critical mediator in fetal-maternal immune 
tolerance [1, 2]. Though controversial, studies with strong 
evidences addressed that HLA-G can also be expressed 
in tumors [3-5]. HLA-G features a low level of allelic 
polymorphism and encodes 7 protein isoforms generated 
by alternatively splicing of primary mRNA, including 4 
membrane-bound (HLA-G1 to -G4) and three soluble 

isoforms (HLA-G5 to -G7) [6]. HLA-G plays key roles in 
maintenance of immune tolerance by inhibition of NK cells, 
T cells and DCs via the receptor ILT2, ILT4 and KIR2DL4, 
providing tumor cells a novel immune escape mechanism 
to turn off the host immune system [7]. HLA-G expression 
frequency in cancer has been observed varying according 
to tumor types, such as melanoma, lung carcinoma, breast 
carcinoma, clear cell renal carcinoma, colorectal cancer, 
cutaneous lymphoma. HLA-G expression has also been 
demonstrated in glioblastoma [8]. An increase of seric 
HLA-G levels was observed in patients with melanoma. 
Recently, HLA-G was demonstrated to be a potential marker 
in malignant ascites of ovarian and breast carcinoma [9, 
10]. Among these various human solid tumors analyzed for 
HLA-G expression, melanoma represents the one in which 
the largest number of cell lines and surgically removed le-
sions have been tested. HLA-G expression in melanoma 
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cell lines in long-term culture and in surgically removed 
lesions indicated that HLA-G protein expression is higher 
in lesions than in cell lines, although the HLA-G protein 
expression frequency is divergent in different reports [11], 
which suggesting that HLA-G protein expression in vitro 
may require additional in vivo stimulators. This possibil-
ity is supported by recent report of Malmberg et al [12] 
that HLA-G protein was detected only in freshly isolated 
ovarian carcinoma cells, but not in cells after long-term 
culture. The mechanism(s) by which HLA-G expression 
is modulated in melanoma cells have been investigated, 
such as stress [13], hypoxia and IFNs [14, 15], leukemia 
inhibitory factor and glucocorticoids [16, 17]. Others such 
as epigenetic factors have also been explored in mela-
noma cells. Epigenetic alterations are widely recognized 
as contributing to human tumorigenesis. DNA methyla-
tion changes are the most frequent epigenetic alterations 
observed in cancer. Moreau and coworkers reported that 
5-AC could slightly induce HLA-G mRNA in a melanoma 
cell line M8 and cell surface HLA-G expression on 5-AC 
treated JAR and B-type cell lines [18]. 

To resolve the issue of differential HLA-G expression 
between in vivo and in vitro conditions, we investigated 
whether the methylation inhibitor 5-AC could induce HLA-
G expression in the melanoma cell line OCM-1A. More-
over, possible factors were examined to address why lower 
surface HLA-G expression on the 5-AC treated OCM-1A 
cells as compared with that of JEG-3 cells.

MATeRIALS AND MeTHODS
Human cell lines 

Human choriocarcinoma cell line JEG-3 (ATCC, Rockville, 
MD), was maintained in DMEM (Invitrogen, USA). Melanoma cell 
line OCM-1A was maintained in RPMI-1640 supplemented with 
L-glutamine (Invitrogen, USA). All cultures were supplemented 
with 10% heat-inactivated FCS, gentamicin (10 mg/L, Invitrogen) 
and fungizone (250 mg/L, Invitrogen) and kept at 37ºC in a 5% CO2 
humidified incubator.

Monoclonal antibodies (mAbs) 
The following mAbs were used: 4H84, IgG1 anti-denatured HLA-

G heavy chain (kindly provided by Dr. McMaster, Department of 
Stomatology, University of California, San Francisco). MEM-G/09 
(Exbio, Prague, Czech Republic), the IgG1 conformational mAb 
against HLA-G1 and HLA-G5. HLA class I conformational mAb 
W6/32. HC-10 and L368 was used to detect the classical HLA class 
I heavy chain and β2-m in Western blot respectively. The TP25.99 
mAb recognizes HLA-A, -B, -C and HLA-E molecules but not 
HLA-G. mAbs TO-5, TO-2, TO-11, TO-6, SY-1, NOB1, NOB2 and 
TO-3 were specific for the antigen processing machinery components 
calnexin, ERp57, calreticulin, LMP2, LMP10, TAP1, TAP2 and 
tapasin, respectively. 

Cell treatments
Demethylating treatment was carried out for d 0, 1, 2, 3, 4 and d 

5 with 5-AC (10 mM, Sigma) at final concentrations of 2.5 µM, 5.0 
µM, and 10 µM. Melanoma cell line OCM-1A, were cultured for 24 
h before the treatment at an initial concentration of 104 cells / well 
in a six-well culture plate (Costar, USA).

Sodium bisulfite genomic sequencing
Genomic DNA was prepared from 1×106 cells by lysing for at 

least 24 h at 37ºC in 5 ml lysis buffer containing 10 mM TRIS-HCl 
(pH 7.5), 10 mM EDTA, 50 mM NaCl and 0.2% SDS supplemented 
with 50 µg /ml RNAse A and 100 µg/ml proteinase K (Sigma, USA). 
Genomic DNA (3 µg) was digested with the restriction enzyme Hind 
III (Invitrogen, USA), then phenol-extracted, alkali-denatured (NaOH 
0.3 M), neutralized (sodium acetate 0.3 M) and precipitated. Bisulfite 
modification was performed on the denatured DNA by incubating 
for at least 16 h at 50ºC in 1.2 ml of freshly prepared 2.3 M sodium 
metabisulfite (pH 5)/0.5 mM hydroquinone (Sigma, USA). DNA 
was extracted using the QIAprep Spin Miniprep Kit (Qiagen, USA) 
according to the manufacturer’s instructions. Desulfonation was real-
ized by incubating for 10 min at room temperature in 0.3 M NaOH. 
DNA was then precipitated with ethanol and 6 M ammonium acetate 
(pH 7). A 220bp fragment located directly upstream of the start codon 
of the HLA-G gene was analyzed. PCR amplification of 2 µg DNA 
was carried out for 1 min at 94ºC, 1 min at 60ºC, 1 min at 72ºC for 
35 cycles and a final extension at 72ºC for 5 min using the primers 
GmF (5’-GATTTAGGGAGATATTGAGATAGAA) and GmR (5’-
CCTAATAAAAATAAAAACTAAAACC). PCR fragments were 
cloned using the pGEM-T Easy Vector System II (Promega, USA). 
10 colonies were randomly selected, and plasmids were purified and 
sequenced. A single methylation specific PCR was performed to test 
the effectiveness of the sequencing with the following primers. Meth-
ylated specific primers: 5’-TTAGGGAGATATTGAGATAGAAC GT 
and 5’-AATAAAAATAAAAACTAAAACCGCC; and unmethylated 
specific primers: 5’-TTAGGGAGATATTGAGATAGA ATGT and 
5’-CCTAATAAAAATAAAAACTAAAACCACC. 

RT-PCR analysis
The choriocarcinoma cell line JEG-3 was used as an HLA-G 

positive control. Total RNA was extracted from cells with TRIZOL 
reagent (Invitrogen, USA) according to the manufacturer’s instruc-
tions. Two micrograms of total RNA was then reverse-transcribed 
into first-strand cDNA with Moloney murine leukemia virus reverse 
transcriptase (Invitrogen, USA) and Oligo(dT)12-18 primers (Invi-
trogen, USA) in a 20 µl reaction. Subsequently, 1 µl of synthesized 
cDNA was subjected to PCR in a 50 µl reaction using 2U of Taq 
DNA polymerase (Roche, Indianapolis, IN) with HLA-G exon 2-
specific primer G.257 and 3’-untranslated region-specific primer 
GA.3U which allowing the detection of all isoforms of alternatively 
spliced HLA-G mRNA [19]. PCR conditions used were as follows: 
94ºC, 1 min; 63ºC, 1.5 min; 72ºC, 2 min for 35 cycles followed by 
a final extension of 4 min at 65ºC and 4 min at 72ºC. Amplification 
of β-actin cDNA was carried out in each experiment as an internal 
control. PCR products were analyzed by electrophoresis in 1.5% 
agarose gel (Roche, USA), stained with ethidium bromide (Sigma, 
St. Louis, MO) and visualized on top of a UV light illuminator.

Western blot analysis
Harvested cells were washed three times with cold PBS. Cell 

pellets were collected and lysed in the lysis buffer (pH7.4, 50 mM 
Tris-base, 150 mM NaCl, 1mM EDTA, 1% Triton X-100, containing 
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protease inhibitors PMSF 1 mM) with the final concentration of 1×107 
cells/ml. After centrifugation at 15,000 g at 4ºC for 30 min, super-
natants were transferred to Eppenndrof tubes. Cell lysate aliquots of 
the total proteins from either JEG-3 cells, OCM-1A cells untreated or 
treated with 5-AC on d 1, 2, 3, 4 and d 5 were separated in 10% SDS-
PAGE gel. All samples were heated for 5 min at 95ºC before loading. 
Proteins were then electroblotted onto PVDF membranes (Millipore, 
USA) and blocked by incubation with PBS containing 5% non-fat 
dry milk for at least 4 h. After blocking, membranes were washed in 
PBS containing 0.2% Tween-20, three times and then probed with the 
corresponding mAb overnight at 4ºC and washed in PBS containing 
0.2% Tween-20 three times. The membranes were subsequently in-
cubated for 30 min at room temperature with Peroxidase-conjugated 
Affinipure Goat Anti-Mouse IgG Fc fragment (Dako, USA), washed 
thoroughly with 0.1% Tween-PBS. Finally, membranes were treated 
with enhanced chemiluminescence reagent (ECL Plus Western Blot-
ting Detection Systems, Amersham Biosciences, USA) and exposed 
to Biomax film (Kodak, USA) for 1–3 min. To evaluate whether 
soluble HLA-G secreted into the supernatants, samples from JEG-3 
cells, untreated OCM-1A and 5-AC treated OCM-1A cell cultures 
were collected and subjected to Western blot.

Flow cytometry analysis
HLA-G cell surface expression was determined with the MEM-

G/09 mAb (Exbio, Prague, Czech Republic), which recognizes 
HLA-G molecules associated with β2m, HLA I antigen was mea-
sured with mAb W6/32, and HLA-A, -B, -C, -E but not HLA-G 
was measured with mAb TP25.99. Second antibody goat anti-mouse 
R-PE-conjugated IgG1 (DAKO, USA) was used in the experiments. 
An isotype matched IgG1 mAb MK2-23 was introduced as a negative 
control. 2×106 cells/ml were subjected to flow cytometry analysis 
(BD, USA).

Peptide-binding assay  
Peptides were synthesized by a peptide synthesizer (model 432 A, 

Applied Biosystems, Georgia University, USA). Three peptides were 
applied to this study, KIPAQFYIL binds to HLA-G with high affinity, 
KGPAQFYIL is to a medium extent, and the peptide KGGAQFYIG 
is irrelative to HLA-G binding which was used as a negative control 
[20]. Binding assays were performed with the 5-AC treated OCM-1A 
cells on d 5. Untreated OCM-1A cells served as a HLA-G negative 
control. Cells were washed twice with FCS free RPMI-1640 media 
and then incubated for 12 h with the final concentration of 200 µg/ml 
peptide at 25ºC and 37ºC respectively in 6-well plates with 4×106 

cells/well. Flow cytometry analysis was performed using MEM-G/09 
as the primary antibody and a PE-labelled goat anti-mouse antibody 
as the secondary antibody. An isotype matched IgG mAb MK2-23 
was introduced as a control.

ReSULTS
Methylation status of the CpG sites in HLA-G promoter 
region before and after 5-AC treatment

DNA methylation is an important epigenetic mechanism 
in gene transcriptional control and may be implicated in 
HLA-G gene silencing in the HLA-G negative melanoma 
cell line OCM-1A.  In the present study, bisulfite genomic 
DNA sequencing was performed to assess the methylation 
status of a 220bp DNA fragment in the HLA-G promoter 

region before and after the OCM-1A cells exposure to the 
5-AC. Data showed that most CpG sites are methylated 
before the 5-AC treatment (87%), while few methylated 
sites could be observed after the treatment (2%). The statis-
tically significant difference (p<0.01) of the CpG methyla-
tion status before and after the 5-AC treatment indicated 
that CpG hypermethylation resulted in HLA-G repression 
in the OCM-1A cells in vitro (Fig. 1A, B). To confirm the 
effectiveness of the bisulfite genomic sequencing, a meth-
ylation specific PCR (MSP) was introduced and the result 
is consistent with that of the sequencing (Fig. 1C).  

Dynamic analysis of HLA-G transcription in the OCM-1A 
cells following the treatment with 5-AC

Various 5-AC concentrations were introduced to treat 
different types of cell lines as described elsewhere and the 
effects were shown to be cell type dependent [8, 18]. Our 
preliminary data showed that the drug was toxic and could 
lead to cell death. To evaluate the optimal concentration of 
5-AC to lessen the toxic effects and to investigate possible 
epigenetic mechanisms for silencing the HLA-G expres-
sion in OCM-1A cells, a dose- and time-dependent study 
was performed. RT-PCR was carried out to investigate the 
dynamic changes of HLA-G mRNA expression following 
the 5-AC treatment at six different time points with three 
different 5-AC concentrations. 

Data showed that HLA-G transcription was induced 
on d 1 and reached highest on d 4 and then decreased in a 
manner of time-dependent (Fig. 2). Our preliminary results 
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Fig. 1  Methylation status of CpG sites in HLA-G promoter region 
in 5-AC untreated (UT) or treated (T) OCM-1A cells. (A, B) The 
methylation status of CpG islands of HLA-G in OCM-1A cells 
before and after the 5-AC treatment was analyzed by bisulfite 
genomic sequencing. The methylation status of individual CpG 
dinucleotides is indicated ( ° and • representing unmethylated and 
methylated cytosines, respectively). (C) Methylation specific PCR 
(MSP) was performed to confirm the effectiveness of sequencing 
(U, primers specific for unmethylated CG, M, primers specific for 
methylated CG).
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showed that three different 5-AC concentration (2.5 µM, 
5.0 µM and 10.0 µM) treatments revealed a similar effect 
on the HLA-G transcription in the OCM-1A cells, and the 
final concentration of 2.5 µM was preferred in the following 
experiments. Dynamic changes of the HLA-G transcrip-
tions were observed with the treatment of 2.5 µM 5-AC, 
and the appearance of at least HLA-G1 and HLA-G2/4, 
HLA-G3 and HLA-G5 mRNA forms were presented in 
this study (Fig. 2). 

5-AC treatment induces HLA-G protein expression in 
OCM-1A cells

To further investigate the impact of 5-AC demethylating 
treatments on the HLA-G protein expression, we first car-
ried out Western blot analysis of the cell lysates obtained 
from untreated or OCM-1A cells treated with 5-AC (2.5 
µM) at six time points. They were compared with that from 
the HLA-G positive JEG-3 cells. The application of the 
mAb 4H84, which specifically recognizes all denatured 
HLA-G isoforms, did not reveal any HLA-G proteins in 
untreated OCM-1A cells, whereas it clearly revealed the 
presence of HLA-G in JEG-3 cells and in the OCM-1A 
cells exposed to 5-AC on d 2 and reached its highest level 
on d 5. Besides the HLA-G1, HLA-G3 isoform which exists 
in the JEG-3 cells could also be observed after d 4 in the 
5-AC treated OCM-1A cells (Fig. 3). Western blot results 
showed that a very similar amount of HLA-G could be 
observed between the OCM-1A cells treated on d 5 and the 
HLA-G positive JEG-3 cells.  No soluble HLA-G isoform 
was detected in either untreated or treated OCM-1A cell 
culture supernatants while  this could be seen in the JEG-3 
cells, indicating that the dominant isoform induced by 5-AC 
in the OCM-1A cells is the HLA-G1(Fig. 4).

Induction of HLA-G protein expression after exposure to 
5-AC was also measured by flow cytometry analysis with 
the mAb MEM-G/09, showing that HLA-G is induced and 
expressed on the surface of 5-AC treated OCM-1A cells 
on d 3 and reached highest on d 5 (Fig. 5). Meanwhile, no 
significant change was found in the HLA class I molecule 
expression in the OCM-1A cells following the treatment 
of 5-AC, which is consistent with the results when using 
mAb TP25.99 to measure the HLA-A, -B, -C and -E but not 
HLA-G. A reciprocal relationship could be seen in terms 
of HLA-G and HLA-A, -B, -C and -E expression (Fig. 6).  
As mentioned above, a similar amount of the total HLA-
G expression could be detected both in 5-d 5-AC treated 
OCM-1A cells and in JEG-3 cells. However, cell surface 
expression of HLA-G between the treated OCM-1A cells 
on d 5 and JEG-3 cells was remarkably different. FACS 
data showed that the HLA-G surface expression on JEG-3 

Fig. 2  RT-PCR analysis of HLA-G mRNA expression in the OCM-
1A cells treated with 5-AC (2.5 µM). OCM-1A cells treated with 
5-AC (2.5 µM) at a particular time point was analyzed with RT-PCR. 
Total RNA from JEG-3 cells was introduced as an HLA-G positive 
control and β-actin was amplified as an internal control. M: DNA 
Marker.  

Fig. 3  HLA-G protein expression was induced in the HLA-G-nega-
tive OCM-1A cells after 5-AC treatment. Western blot analysis of 
HLA-G protein expression in the OCM-1A cells was performed 
with mAb 4H84, which recognizes all denatured HLA-G isoforms 
(HLA-G1, 39 kD). mAb HC-10 was used to detect the classical HLA 
class I heavy chain which couldn’t recognize HLA-G. Calnexin mAb 
TO-5 was introduced as an internal control. A similar amount of total 
HLA-G was observed between the HLA-G positive JEG-3 cells and 
OCM-1A cells treated with 5-AC on the d 5.

Fig. 4  Western  blot analysis of supernatants from both JEG-3 and 
OCM-1A cell cultures. Cell culture supernatants were subject to 
Western blot analysis with mAb 4H84. sHLA-G was detected in 
the JEG-3 cell culture supernatants while this is undetectable in the 
OCM-1A cells.
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cells was much higher than that on the 5-AC treated OCM-
1A cells on d 5 (Fig. 7), which was further strengthened 
by no detectable soluble HLA-G in OCM-1A cell cultures 
but in the JEG-3 cells. 

Fig. 5  Induction of HLA-G expression on OCM-1A cells treated with 5-AC. Representative flow cytometry analysis was performed 
with the anti-HLA-G1/-G5 mAb MEM-G/09 (represented by a white area) and an MK2-23 IgG1 isotype matched antibody (repre-
sented by a area in grey). Cell surface expression of HLA-G was induced in OCM-1A cells after the treatment with 2.5 µM 5-AC 
on d 3 and thereafter. 

Fig. 6  HLA class I molecule expression on OCM-1A cells treated with 5-AC. HLA-G was measured with mAb MEM-G/09(°), 
HLA class I was measured with mAb W6/32 (°) and the HLA-A, -B, -C and -E but not HLA-G (°) was measured with mAb TP25.99 
respectively. An isotype matched IgG mAb MK2-23 was used as a negative control (•).
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Fig. 7  Comparison of the total and cell surface expression of HLA-G 
between the JEG-3 cells and 5-AC treated OCM-1A cells on d 5. (A) 
Cell lysate was analyzed with Western blot using mAb 4H84. (B) 
Cell surface expression of HLA-G was analyzed with flow cytometry 
using mAb MEM-G/9 (°), An isotype matched IgG mAb MK2-23 
was used as a negative control (•).
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Cell cold-treatment and peptide is not required to s-
tabilize surface expression of HLA-G on 5-AC treat- ed 
OCM-1A cells

Here raise a question why HLA-G cell surface expres-
sion is obviously discrepant while there was a similar 
total amount of HLA-G expression between the 5-AC 
treated OCM-1A cells and JEG-3 cells. One feature of 
HLA class I molecule related to its ability to bind peptide 
is the stabilization of surface MHC class I by lower tem-
perature [21]. When TAP-negative cell lines are cultured 
at reduced temperature (19~33ºC), heavy chain and β2-m 
assembly is promoted and results in a higher level of cell 
surface expression of MHC heavy chain/β2-m complexes 
that do not present endogenous peptides and are labile at 
37ºC. This feature is common to HLA class I proteins, and 
therefore provides a useful point to test whether HLA-G 
surface expression on the treated OCM-1A cells could 
be enhanced with this measure. In the present study, we 
treated OCM-1A cells cultured at 25ºC and 37ºC for 12 h 
respectively. It was apparent that HLA-G expression under 
the two temperature was same (Fig. 8). 

HLA-G molecule requires peptide association for cell 
surface stabilization and expression. Peptide loading onto 
the HLA-G protein plays a critical role in controlling the 
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quality of the molecule reaching cell surface. Previous data 
indicated that incubation with binding peptides increases 
cell-surface density of some MHC molecules [22]. Three 
peptides with different affinity to HLA-G binding were 
introduced to the 5-d 5-AC treated OCM-1A cells to con-
firm whether the peptide binding is a determinant factor 
for HLA-G molecule cell surface stabilization. Exogenous 
application of peptide KIPAQFYIL has been confirmed 
to be of high affinity to HLA-G binding, and the peptide 
KGGAQFYIL to a medium extent. Meanwhile, an HLA-G 
irrelevant peptide KGGAQFYIG was used as a control. In 
no case did the HLA-G on the cell surface increase upon 
incubation with these peptides, as indicated by FACS 
analysis (Fig. 8). 

Calreticulin might be involved in HLA-G cell surface 
expression on the 5-AC treated OCM-1A cells

Besides cold-treatment and peptide binding, lessons 
learned from classical HLA class I antigens indicate that 
folding and assembly of HLA molecules are critical for the 
regulation of their cell surface expression, which involves 
intracellular protein complexes and chaperones. The stable 
assembly of class I molecules with peptides is controlled 
by a variety of accessory proteins, including chaperones 
and factors with dedicated roles in class I assembly. Pep-
tide-filled class I molecules are then delivered to the cell 
surface [22]. 

As mentioned above, cold-treatment and peptide-loading 
didn’t change the HLA-G cell surface expression on the 

Fig. 8  HLA-G surface expression is unaffected by cold treatment or peptide loading in the OCM-1A cells treated with 5-AC on d 
5. Cell surface HLA-G expression was measured by flow cytometry with mAb MEM-G/09 for temperature treatment and different 
peptide loading. 5-AC treated OCM-1A cells on d 5 were maintained at 37ºC and 25ºC for 12 h respectively. Gray profiles indicate 
stained with an IgG isotype-matched mAb MK2-23.

Fig. 9  Western blot analysis of antigen processing machinery components. Aliquots of cell lysates from OCM-1A cells untreated or 
treated with 5-AC on d 5 and JEG-3 cells were subjected to Western blot with specific APM component mAb. Calreticulin was not 
observed either in untreated or in 5-AC treated OCM-1A cells on d 5. HLA-G positive cell line JEG-3 was introduced as a control. 
UT, OCM-1A cells untreated with 5-AC; T, OCM-1A cells treated with 5-AC on d 5.
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5-AC treated OCM-1A cells. We then focus on the antigen 
processing machinery (APM) components as well as β2-m 
whether the deficiency of these factors impair the HLA-G 
cell surface expression. Data showed that β2-m was posi-
tive in both cells. Meanwhile, eight common components 
were examined in the 5-AC treated or untreated OCM-1A 
cells and JEG-3 cells. Result showed that calnexin, ERp57, 
LMP2, LMP10, TAP1, TAP2 and tapasin exist both in 5-
AC treated OCM-1A cells and in JEG-3 cells. However, 
neither the untreated, nor the 5-AC treated OCM-1A cells 
was detected for the calreticulin expression, while this 
component was present in the JEG-3 cells (Fig. 9), indicat-
ing that deficiency of calreticulin might be the cause for 
the low cell surface expression of HLA-G on the 5-AC 
treated OCM-1A cells.

DISCUSSION
Non-classical HLA class I antigen HLA-G was initially 

discovered on cytotrophoblast cells invading the maternal 
endometrium, in that HLA-G was supposed to be a specific 
modulator for the induction and maintenance of feto-mater-
nal immunotolerance during pregnancy [23]. This hypoth-
esis was supported by the biological function of HLA-G 
that can inhibit both maternal T cells and uterine NK (uNK) 
cells, and thereby preventing the semi-foreign fetus from 
allograft rejection by maternal immune system [24-26]. 
Initially, HLA-G expression was thought to be limited to 
cytotrophoblast, thymic. However, more ectopic HLA-G 
expression in various malignancies was reported, such as 
melanoma, glioma, renal cell cancer and lung cancer as 
well as in T cell lymphoma [11, 18]. In vitro functional 
experiments provided evidence for a novel immune escape 
mechanism of tumor cells by which the immune surveil-
lance through cytotoxic T lymphocytes (CTL) and NK cells 
is turned off by the expression of HLA-G [27]. Malignant 
melanoma is the tumor that has been mostly analyzed for 
HLA-G expression. Comparison of melanoma cell lines in 
long-term culture and in surgically removed lesions showed 
that HLA-G protein expression is more frequent in lesions 
than in cell lines, suggesting HLA-G protein expression in 
vitro may require additional stimulators which modulate 
translation of HLA-G mRNA. This possibility was proved 
by Malmberg et al.’s investigations [12]. In attempting to 
explain the differential expression of HLA-G between in 
vivo and in vitro conditions, the mechanism(s) by which 
HLA-G expression is modulated in melanoma cells have 
been investigated such as cytokines, stress and epigenetic 
modulations. In the present study, the demethylating agent, 
DNA methyltransferase inhibitor 5-AC was investigated. 
Our data showed that the HLA-G silencing in the melanoma 
cell line OCM-1A was restored in a time-dependent manner 
following the 5-AC treatment. Three different concentra-

tion of the 5-AC were tested with the final concentration 
of 10.0 µM, 5.0 µM and 2.5 µM respectively, we found 
that all of them have a similar effect on the induction of 
HLA-G mRNA expression and the final concentration of 
2.5 µM was applied in the current study. 

After treatment, a sequential expression of HLA-G 
mRNA and protein was observed. Induction of HLA-G 
mRNA expression could be detected on the 5-AC treated 
OCM-1A cells on d 1 and reached highest on d 4 and then 
decreased afterwards. Interestingly, the intracellular HLA-
G protein expression and cell surface expression was one 
day and two days behind the mRNA induction respectively, 
indicating that the HLA-G synthesis and transportation to 
the cell surface in a manner of phase-dependent way. The 
work reported here showed that epigenetic mechanisms 
play a vital role in the regulation of HLA-G expression in 
the long-term cultured melanoma cells in vitro. This could 
be one of the mechanisms which contribute to the differen-
tial expression of HLA-G between the long-cultured mela-
noma cell lines in vitro and the surgical removed lesions in 
vivo. The higher expression of HLA-G in vivo may entitle 
the melanoma to evade host immune attack, suggesting that 
HLA-G may be an attractive target for melanoma therapy 
target through epigenetic interference.

Worthy noted, there was markedly different cell surface 
expression of HLA-G on the 5-d 5-AC treated OCM-1A 
cells compared with that on the JEG-3 cells. Data showed 
that cell surface expression of HLA-G was much higher 
on the JEG-3 cells than that on the treated OCM-1A cells, 
though both cells have a similar amount of total HLA-G 
molecule in cell lysates as Western blot analysis revealed. 
Apart from the cell surface expression of HLA-G, soluble 
HLA-Gs in cell culture supernatants are important to 
measure whether HLA-G isoforms other than HLA-G1 are 
present both in JEG-3 cells and in 5-AC treated OCM-1A 
cells.  Results showed that no HLA-G protein was observed 
in the OCM-1A cell supernatants but soluble HLA-G does 
exist in the JEG-3 cell culture supernatants. Based on 
these data, we concluded that most intracellular HLA-G 
molecule in the OCM-1A cells was hindered to transport 
to the cell surface. 

To address this differential expression, possible factors 
including cell cold treatment and peptide loading as well 
as β2-m expression were investigated. Previous studies 
pointed out that incubation with binding peptides and cell 
cold treatment could increase cell surface density of some 
MHC molecules [21, 28]. We therefore tested whether 
this might also be the case with HLA-G on 5-AC treated 
OCM-1A cells. Three different exogenous peptides were 
introduced according to previous reports. KIPAQFYIL and 
KGGAQFYIL are the HLA-G binding peptides with high 
and medium affinity respectively which could stabilize and 
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increase the HLA-G cell surface expression [29]. At the 
same time, an HLA-G irrelative peptide KGGAQFYIG was 
introduced as a negative control. Our data showed that the 
density of HLA-G on the cell surface didn’t enhance upon 
incubation with these three peptides or the cold treatment, 
indicating these factors are not involved in the HLA-G cell 
surface expression. This seems discrepant with the previous 
study [29] that these two particular peptides could enhance 
HLA-G stability on the cell surface. One possible explana-
tion is that before transported to the cell surface, most of 
the HLA-G without optimal peptides was degraded in ER 
and thus failed to reach cell surface. 

Folding and assembly of HLA molecules are critical for 
the regulation of their cell surface expression which is con-
trolled by β2-m and a variety of accessory proteins including 
chaperones [30, 31]. However, β2-m could not contribute to 
the low HLA-G cell surface expression on OCM-1A cells 
because HLA class I antigens are normally expressed on 
the untreated OCM-1A cells as the FACS result revealed 
(Fig. 6), and this was confirmed with β2-m mAb L383 
as Western blot data shown (Fig. 9). We then focused on 
the antigen processing machinery (APM) components in 
the regulation of HLA-G cell surface expression. In this 
study, APM components including TAP1, TAP2, LMP2, 
LMP10, ERp57, tapasin, calnexin and calreticulin were 
analyzed in the untreated, 5-d treated with 5-AC OCM-1A 
cells and the JEG-3 cells. Results indicated that tapasin 
and calreticulin are absent in the untreated OCM-1A cells. 
However, TAP1, TAP2, LMP2 and tapasin were increased 
in the OCM-1A cells following the treatment with 5-AC. 
To be noted, calreticulin is absent both in untreated and in 
5-AC treated OCM-1A cells, while it is highly expressed in 
the JEG-3 cells. The role of calreticulin in class I assembly 
was recently evaluated with fibroblast cells derived from 
mouse embryos that carry a lethal, homozygous mutation 
in their calreticulin gene [32]. Class I molecules in these 
cells impaired to load with optimal peptide ligands and 
thus moderately reduced class I cell surface levels, raising 
the hypothesis that calreticulin is vital to the HLA-G cell 
surface expression and this might be the answer to the dif-
ferent cell surface expression of HLA-G between treated 
OCM-1A cells and JEG-3 cells. 

Taken together, our work highlights the epigenetic 
mechanisms, such as DNA methylation, involved in the 
modulation of HLA-G gene expression in the melanoma 
cell line OCM-1A which shed a new light to explain the 
differential HLA-G expression between the surgical re-
moved lesions and long-cultured cell lines. Furthermore, 
we hypothesized that the HLA-G cell surface expression is 
calreticulin dependent in the 5-AC treated OCM-1A cells 
while the HLA-G binding peptide and cell cold treatment 
are not involved in the HLA-G cell surface stabilization. 

The calreticulin restoration is necessary to evaluate whether 
this application enhances the HLA-G cell surface expres-
sion on the 5-AC treated OCM-1A cells.
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