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HLA-G antigens and matrix metalloproteinases (MMPs) expressed in various tumors are involved in tumor growth and 
metastasis. In this study, we investigated if correlation between HLA-G and MMP expression exists in different cell lines. 
We examined MMP transcription in two choriocarcinoma cell lines: JEG-3 (HLA-G positive) and JAR (HLA-G negative). 
We discovered that both cell lines express a similar panel of MMPs; except for MMP12. Transcript MMP12 was exclusively 
detected in HLA-G expressing JEG-3 cells but not in HLA-G deficient JAR cells. We observed HLA-G expression but no 
MMP12 transcription following 5-aza-2´-deoxycytidine (AZA) treatment of JAR cells. We then investigated HLA-G and 
MMP transcription in several human leukaemia cell lines. Leukaemia cells (lacking HLA-G expression) were converted 
to their HLA-G positive counterparts by AZA-treatment or by HLA-G transfection. It was found no correlation between 
HLA-G and MMP transcription in any examined leukaemia cell lines. The up-regulation of some MMPs and tissue inhibi-
tors of matrix metalloproteinases (TIMPs) was observed following AZA-treatment. 
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HLA-G molecules are human non-classic major histo-
compatibility class I antigens characterized by restricted 
tissue distribution, limited polymorphism, alternative 
splicing and immunosuppressive properties [1–4]. HLA-G 
is primarily expressed in extravillous cytotrophoblasts [5–7], 
but ectopic expression of HLA-G antigens has been observed 
in various pathological conditions, including tumors, 
autoimmune diseases, transplantation and viral infections 
[8–13]. Due to alternative splicing of primary transcript, 
there are four membrane-bound (HLA-G1, -G2, -G3, and 
-G4) and three soluble (HLA-G5, -G6 and -G7) isoforms 
produced. Moreover, soluble HLA-G molecules are gener-
ated from membrane-bound molecules by cleavage with 
metalloproteinases [14–16]. Increased HLA-G expression 
was observed in many types of malignancies and association 
between HLA-G and tumor invasiveness and metastasis was 
confirmed. For example, HLA-G expression was frequently 
detected in the most aggressive type of ovarian cancer 
[17–20].

Matrix metalloproteinases (MMPs) are a large family of 
zinc-containing endopeptidases which play an important 

role in degradation of the extracellular matrix (ECM) and 
in tissue remodeling [21, 22]. Currently, there are 23 MMPs 
identified in humans. On the basis of substrate specificity 
and structure, MMPs can be classified into collagenases 
(MMP-1, -8, -13), gelatinases (MMP-2, -9), metalloelastases 
(MMP-12), stromelysins (MMP-3, -10, -11), matrilysins 
(MMP-7, -26), enamelysins (MMP-20), membrane-types 
(MMP-14, -15, -16, -17, -24, -25), and others (MMP-19, -21, 
-23, -27, -28). 

The basic structure of all MMPs is very similar and consists 
of the following domains: N-terminal signal peptide (directs 
MMPs to the secretory or plasma membrane pathway), 
pro-peptide (keeps enzyme in inactive state by interac-
tion with zinc), catalytic domain (contains zinc ion binding 
motif), hinge region (links the catalytic and C-terminal 
domain) and the C-terminal hemopexin-like domain (deter-
mines the substrate specificity of the enzyme and interacts 
with inhibitors). 

An additional transmembrane anchor domain is found in 
the membrane-type MMPs (MT-MMPs). Both secreted and 
membrane-bound MMPs are produced in zymogen form 
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that can be subsequently activated by proteolytic enzymes. 
Under normal physiological conditions, the MMP transcrip-
tion is tightly regulated and the MMP molecules are generally 
expressed in very low amounts. MMPs are secreted by many 
cells including fibroblasts, vascular smooth muscle cells and 
leukocytes and their expression is regulated by hormones, 
cytokines and growth factors. Their enzymatic activity can 
also be inhibited by specific proteins called tissue inhibitors 
of matrix metalloproteinases (TIMPs). MMPs serve as effec-
tors in physiological processes such as embryo implanta-
tion, morphogenesis, angiogenesis and tissue remodeling in 
response to injury. MMPs are commonly over-expressed in 
various types of tumors and play a significant role in tumor 
invasion and metastasis [23–26].

Recently, strong association between HLA-G and MMP15 
expression has been demonstrated in ovarian cancer cells. 
HLA-G induction in ovarian cell line (HO-8910) elicited 
up-regulation of MMP15 which resulted in increased cell 
migration in vitro and tumor metastasis in nude mice. The 
relationship between HLA-G and MMP15 expression was 
also observed in patient samples isolated from ovarian cancer 
[18, 19]. The main goal of this work, therefore, is to establish 
correlation between HLA-G and MMP transcription in other 
tumor cell lines.

Materials and methods

Cell lines and treatment. The following human cell lines 
were used: choriocarcinoma cell lines JEG-3 (expressing 
HLA-G) and JAR (HLA-G deficient) and leukemia cell lines 
lacking HLA-G (MT1, JURKAT, RAJI, U937, JY, .221 and 
K562). All cell lines were obtained from the cell collection 
of the Cancer Research Institute, BMC, SAS, in Bratislava. 
Choriocarcinoma cell lines were cultured in MEM medium 
and leukemia cells were grown in RPMI 1640. Both MEM 
and RPMI 1640 media were supplemented with 2 mM gluta-
mine, 200 µg/ml gentamicin, 0.125 µg/ml amphotericin B 
and 10% heat-inactivated fetal bovine serum.

HLA-G negative cell lines following treatment with DNA 
hypomethylation agent 5-aza-2´-deoxycytidine (AZA) were 
converted to their HLA-G positive counterparts. AZA-treat-
ment of JAR and leukemia cell lines was carried out with 
100 µM 5-aza-2´-deoxycytidine (Sigma) for 3 days [27].

Herein, we also used transfectants expressing HLA-G: 
K562-G1 and K562-G2 which were kindly provided by Dr. 
E. Weiss (Munich, Germany) and 221-G1 was obtained from 
Dr. G. Frumento (Genoa, Italy).

RNA isolation and reverse transcription. Total RNA was 
extracted from cells using Trizol reagent (Life Technologies, 
USA) according to the manufacturer´s instructions. cDNA 
was prepared by reverse-transcription (RT) as described 
previously [28]. Briefly, reverse transcription was performed 
with 2 µg of total RNA in 40 µl reaction volume using Multi-
Scribe reverse transcriptase and random hexamers (Applied 
Biosystems, USA). Samples were incubated at temperatures: 
25 °C (10 min) and 42 °C (60 min), and the reaction was then 
terminated by heating at 95 °C for 5 min.

Semiquantitative RT-PCR. Semiquantitative RT-PCR 
(sqRT-PCR) for HLA-G, MMPs and TIMPs was performed 
using AmpliTaq Gold DNA polymerase (Applied Biosys-
tems, USA) and PCR reactions were carried out on the 
C1000 Touch thermal cycler (Bio-Rad, USA). Ubiquitously 
expressed gene glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as the internal control. PCR products 
were visualized by UV light after electrophoresis in 2% 
agarose gels stained with GelRed (Biotium, USA).

SqRT-PCR analysis of HLA-G was accomplished with pan 
HLA-G primers (G.257-F, G.1004-R) as described in Table 1. 
[29]. The PCR began with incubation at 95 °C for 15 min, 
followed by PCR cycles of 1 min at 94 °C, 1.5 min at 62 °C, 
2 min at 72°C and final extension for 7 min at 72 °C. The 
number of PCR cycles was determined experimentally: 37 
cycles for HLA-G and 25 cycles for GAPDH.

SqRT-PCR conditions for MMP and TIMP analyses were 
set as follows: 15 min at 95 °C for DNA polymerase activa-
tion, denaturation at 94 °C for 30 sec, annealing at 57–68 °C 
for 30 sec, extension at 72 °C for 40 sec and final extension at 
72 °C for 7 min. PCR product accumulation was measured 
during the exponential phase and the number of PCR cycles 
was determined experimentally (34–39 cycles). All primer 
sequences, annealing temperatures and PCR product sizes 
are listed in Table 2 [18, 30–34]. The asterisks indicate alterna-
tive sets of primers used in MMP analysis (Table 2, Figure 2).

Quantitative RT-PCR analysis. Quantitative RT-PCR 
(qRT-PCR) reactions were performed using the ABI Prism 
7000 Sequence Detection System in accordance with the 
recommendations of the manufacturer (Applied Biosystems, 
USA). A reaction mixture of 25 μl contained the TaqMan 
Universal PCR Master Mix, 200 nM of specific primers, 
150 nM of specific TaqMan probe and cDNA prepared 
from 25 ng of total RNA. The thermal cycling conditions 
included initial activation of DNA polymerase for 10 min 
at 95 °C, followed by 40 cycles at 95 °C for 15 sec and 60 °C 
for 1 min. The HLA-G specific probes and primers (Table 
3) were selected to amplify all alternative forms of HLA-G 
transcripts [30]. The glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) specific probe and primers were used as 
endogenous control. Comparative cycle threshold method 
(2–ΔΔCT) was used to calculate the changes in gene expres-
sion of the individual samples relative to the control JEG-3 
(assigned a value of 1). Finally, cycle threshold (CT) values 
were determined by automated threshold analysis with ABI 

Table 1. Primers for sqRT-PCR analysis of HLA-G.
Name Sequence
G.257-F 5’-GGAAGAGGAGACACGGAACA-3‘
G.1004-R 5’-CCTTTTCAATCTGAGCTCTTCTTT-3‘
GAPDH-F 5’-CATGGGTGTGAACCATGAGAA-3‘ 
GAPDH-R 5’-GGTCATGAGTCCTTCCACGAT-3‘
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Prism software, and the real-time PCR efficiencies of target 
gene amplification and endogenous control gene amplifica-
tion were approximately equal.

Results

Expression of HLA-G transcripts in cells treated with 
5-aza-2´-deoxycytidine and in HLA-G transfectants. The 
main goal of this work was to investigate if HLA-G induc-
tion in originally HLA-G deficient cell lines up-regulates 
some matrix metalloproteinases (MMPs). For this purpose, 
AZA-treatment was used to prepare from HLA-G deficient 
cell lines (JAR, MT1, JURKAT, RAJI, U937, JY, .221 and 
K562) their HLA-G expressing counterparts (JAR+AZA, 
MT1+AZA, JURKAT+AZA, RAJI+AZA, U937+AZA, 
JY+AZA, .221+AZA and K562+AZA). HLA-G mRNA 
expression was analyzed by qRT-PCR; where HLA-G mRNA 
levels in cell lines were compared to JEG-3 cells (assigned 

a value of 1). We demonstrated that HLA-G transcription 
was induced in all AZA-treated cell lines; the highest level 
of HLA-G mRNA was observed in choriocarcinoma cells 
JAR+AZA and in leukemia cells MT1+AZA, JY+AZA 
and 221+AZA (Figure 1, panel A). qRT-PCR confirmed 
HLA-G transcription in transfectants 221-G1, K562-G1 
and K562-G2 (Figure 1, panel B); with the highest HLA-G 
mRNA level detected in 221-G1 cells.

Analysis of MMP transcripts in choriocarcinoma cell 
lines JEG-3 and JAR. Transcription of matrix metalloprotein-
ases (MMPs) in choriocarcinoma cell lines JEG-3 (HLA-G 
positive) and JAR (HLA-G negative) was investigated by 
sqRT-PCR. Figure 2 shows that examined MMP expression 
was almost the same in both cell lines; except for metallo-
proteinase MMP12. Transcript of MMP12 was detected only 
in HLA-G positive cells JEG-3 and not in the JAR HLA-G 
deficient cell line. Because MMP12 transcript was present 
only in HLA-G expressing JEG-3 cells but not in HLA-G 

Figure 1. HLA-G expression in cells treated with 5-aza-2´-deoxycytidine and in HLA-G transfectants. Expression of HLA-G mRNA was analyzed 
by qRT-PCR. HLA-G negative cell lines were modified to the HLA-G positive counterparts by treatment with DNA demethylation agent 5-aza-2´-
deoxycytidine (AZA) (panel A) or by HLA-G transfection (panel B). HLA-G mRNA levels in cell lines were compared to JEG-3 cells (assigned a value of 1).
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Table 2. Primers used for detection of MMPs and TIMPs by sqRT-PCR.

Gene Accession no. Annealing 
temp. (°C)

cDNA 
size (bp)

Genomic 
DNA size (bp) References Forward primer Reverse primer

MMP1 NM_002421 58 460 2276 Hunakova  
et al. 2009 CAGAGATGAAGTCCGGTTTTTC CAGGAAAACACCTTCTTTGGA

MMP2 NM_004530 60 474 9662 Lin 
et al. 2013 GGCCCTGTCACTCCTGAGAT GGCATCCAGGTTATGGGGGA

MMP3 NM_002422 58 506 2309 Hunakova  
et al. 2009 GTTTGTTAGGAGAAAGGACAGTGG CATGAGCAGCAACGAGAAATAA

MMP3* NM_002422 57 205 1276 Kohrman 
et al. 2009 GGCTTTCCCAAGCAAATAGC GTGCCCATATTGTGCCTTCT

MMP7 NM_002423 58 307 3000 Hunakova 
et al. 2009 GAGGCATGAGTGAGCTACAGTG CGATCCACTGTAATATGCGGTA

MMP8 NM_002424 62 502 2658 Lin 
et al. 2013 TCAAGCAACCCTATCCAACC CTTGCTGGAAAACTGCATCA

MMP8* NM_002424 57 154 852 Kohrman 
et al. 2009 TCTGCAAGGTTATCCCAAGG ACCTGGCTCCATGAATTGTC

MMP9 NM_004994 58 187 576 Hunakova 
et al. 2009 ATCTTCCAAGGCCAATCCTACT CCAGGAAAGTGAAGGGGAAG

MMP10 NM_002425 60 380 4260 Lin 
et al. 2013 GTCCTTCGATGCCATCAGCA CTTGCTCCATGGACTGGCTA

MMP10* NM_002425 55 819 4199 Kohrman 
et al. 2009 CCAGTCTGCTCTGCCTATCC CATCTCAGATCCCGAAGGAA

MMP12 NM_002426 58 367 3002 Lin 
et al. 2013 CCACTGCTTCTGGAGCTCTT GCGTAGTCAACATCCTCACG

MMP13 NM_002427 62 490 5383 Lin 
et al. 2013 GACTTCACGATG GCATTGCTG GCATCAACCTGCTGAGGATGC

MMP14 NM_004995 58 228 697 Hunakova 
et al. 2009 GCAAATTCGTCTTCTTCAAAGG TGTTCTTGGGGTACTCGCTATC

MMP15 NM_002428 60 474 828 Lin 
et al. 2013 GCATCCAGAACTACACGGAG TACCGTAGAGCTGCTGGATG

MMP16 NM_005941 58 383 18886 Lin 
et al. 2013 GTACCTGACCAGACAAGAG AGTGTCCATGGCTCATCTGA

MMP17 NM_016155 68 313 1178 Host 
et al. 2012 AAGGAGACAGGTACTGGGTGTTC TCGCCATCCAGCACTTTCCAGTA

MMP19 NM_002429 61 397 1155 Lin 
et al. 2013 CAGGCTCTCTATGGCAAGAA GAGCTGCATCCAGGTTAGGT

MMP20 NM_004771 61 374 6556 Lin 
et al. 2013 GACCAGACCACAATGAACGT GTCCACTTCTCAGGATTGTC

MMP20* NM_004771 57 169 975 Kohrman 
et al. 2009 CGACAATGCTGAGAAGTGGA ATCTTTGGGGAGGTGGAATC

TIMP1 NM_003254 60 145 1544 Asano 
et al. 2008 TTCTGGCATCCTGTTGTTGCTG GGTGGTCTGGTTGACTTCTGGTGT

TIMP2 NM_003255 60 156 1813 Asano 
et al. 2008 TGGGACACCCTGAGCACCAC GTTGATGTTCTTCTCTGTGACCCAGTC

TIMP3 NM_000362 60 151 1192 Asano 
et al. 2008 GAACTATCGGTATCACCTGGGTTGTAAC GATGCAGGCGTAGTGTTTGGACT

TIMP4 NM_003256 60 149 763 Asano 
et al. 2008 CTGTGGCTGCCAAATCACCAC AGGTGCCGTCAACATGCTTCAT

lacking cells JAR, we then investigated if HLA-G induction 
in the originally negative JAR cell line triggers transcrip-
tion of metalloproteinase MMP12. The induction of HLA-G 
expression in JAR cells was achieved by treatment with DNA 
demethylation agent 5-aza-2´-deoxycytidine (AZA). MMP 
expression in HLA-G negative JAR cells and in HLA-G 
positive JAR+AZA cells was investigated by sqRT-PCR, 
with JEG-3 cells as the positive HLA-G control. Figure 2 
shows that MMP12 transcript was absent in both HLA-G 

negative JAR cells and HLA-G-expressing JAR+AZA cells. 
These data confirmed that HLA-G expression did not affect 
MMP12 transcription in the JAR choriocarcinoma cell line.

Analysis of HLA-G and MMP expression in leukemia 
cell lines treated with 5-aza-2´-deoxycytidine. Although 
human leukemia cell lines do not express HLA-G antigen, 
HLA-G transcription can be induced in many of them by 
5-aza-2´-deoxycytidine treatment (Figure 1). We investigated 
MMP expression in HLA-G negative human leukemia cell 
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also been confirmed that trophoblast invasion is dependent 
on the function of various MMPs able to degrade extracel-
lular matrix (ECM) components present in the decidua. 
MMP inhibitors are also implicated in trophoblast invasion 
because unrestricted invasion is associated with pre-malig-
nancy and malignant choriocarcinoma. Tumor invasion 
and trophoblastic invasion share many similar mediators. In 

Figure 2. Expression of MMPs in choriocarcinoma cell lines JEG-3 and 
JAR. HLA-G and MMP expression in JAR cells following AZA-treatment. 
HLA-G and MMP transcripts were investigated by sqRT-PCR in cell 
lines: JEG-3 (HLA-G positive), JAR (HLA-G negative) and JAR treated 
with AZA (HLA-G positive). The following set of MMPs was analyzed: 
MMP-1, -2, -3, -7, -8, -9, -10, -12, -13, -14, -15, -16, -17, -19, -20. GAPDH: 
endogenous control. HLA-G isoforms: -G1, -G2, -G3, -G4.

Table 3. Primers and probes used for HLA-G analysis by qRT-PCR.
Name Sequence
HLA-G-F 5‘-CTGGTTGTCCTTGCAGCTGTAG-3‘
HLA-G-R 5‘-CCTTTTCAATCTGAGCTCTTCTTTCT-3‘
HLA-G probe 5‘-CACTGGAGCTGCGGTCGCTGCT-3‘
GAPDH-F 5‘-CATGGGTGTGAACCATGAGAA-3‘
GAPDH-R 5‘-GGTCATGAGTCCTTCCACGAT-3‘
GAPDH probe 5‘-AACAGCCTCAAGATCATCAGCAATGCCT-3‘

lines and their HLA-G positive counterparts by sqRT-PCR. 
Figure 3 reveals that most of the examined MMPs were 
up-regulated following AZA-treatment of cell lines MT1, 
JURKAT and RAJI. Similar results were obtained with other 
AZA-treated cells, including U937, JY and RAMOS (data not 
shown). In contrast, the expression profile of all investigated 
MMPs was unchanged in the AZA-treated JAR choriocarci-
noma cell line (JAR +AZA).

Analysis of MMP expression in HLA-G transfectants. 
Figure 3 indicates that AZA-treatment of leukemia cell lines 
activates not only HLA-G transcription but also that of some 
MMPs. We were unable to distinguish whether up-regulation 
of some MMPs was generated by HLA-G expression or by 
AZA-treatment alone. Therefore, to examine the sole effect 
of HLA-G on MMP transcription, we used HLA-G trans-
fectants (.221-G1, K562-G1, K562-G2). Figure 4 depicts 
that the MMP profiles in parental cell lines 221 and K562 
were unchanged following HLA-G1 or -G2 expression in 
HLA-G transfectants. On the other hand, many MMPs were 
up-regulated after AZA-treatment. These included MMP’s 2, 
13 and 17 in 221+AZA and MMP’s 2, 9, 10, 12, 16, and 20 in 
K562+AZA.

Expression of TIMP transcripts in choriocarcinoma and 
leukemia cell lines. Matrix metalloproteinases are inhibited 
by specific endogenous tissue inhibitors of metalloproteinases 
(TIMPs), which comprise a family of four protease inhibi-
tors: TIMP1, TIMP2, TIMP3 and TIMP4. Using sqRT-PCR, 
we analyzed the transcription of TIMPs (TIMP1-TIMP4) in 
association with HLA-G expression in choriocarcinoma and 
leukemia cell lines. HLA-G negative cell lines were converted 
to their HLA-G positive counterparts using AZA-treatment 
or by HLA-G transfection; with JEG-3 cells as the HLA-G 
positive control. Figure 5 depicts that HLA-G expression 
of 221-G1, K562-G1, K562-G2 transfectants had no effect 
on TIMPs transcription. Increased levels of some TIMPs 
were observed in cell lines following DNA hypomethylation 
with AZA reagent. These included TIMP1 in RAJI+AZA; 
TIMP2 in RAJI+AZA, .221+AZA and K562+AZA; TIMP3 
in JAR+AZA, MT1+AZA, RAJI+AZA, .221+AZA and 
K562+AZA; TIMP4 in JURKAT+AZA and RAJI+AZA. 
These results provided the conclusion that there is no HLA-G 
expression responsible for TIMP transcription up-regulation; 
only epigenetic modulation of the TIMP genes.

Discussion

The role of HLA-G in human pregnancy has been 
intensely studied in recent years. It was demonstrated that a 
specific subset of placental trophoblasts, so called extravillous 
cytotrophoblasts (evCT), invade the maternal decidua during 
the first trimester of gestation. The invading trophoblasts 
undergo striking and rapid changes in cellular functions that 
are strictly regulated in time and space. The invasive capacity 
of evCT is highest during the first trimester of gestation and 
it correlates with high levels of HLA-G molecules [5,7]. It has 
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addition, Hiden et al. [35] recently compared MMP expres-
sion in trophoblasts from first trimester placenta (repre-
senting an invasive, mostly HLA-G positive phenotype) and 
they also assessed MMP expression in trophoblasts from 
full-term placenta. They identified proteases expressed in 
invasive trophoblasts that degrade the ECM components 
present in the decidua and they further identified MMP12 as 
the protease with the highest expression levels in isolated first 
trimester trophoblasts [35].

Herein, we examined the relationship between HLA-G 
and MMP transcription with JAR and JEG-3 choriocarci-
noma cell lines. Both cell lines were generated from gesta-
tional choriocarcinoma. The JEG-3 cell line was established 
from the cerebral metastasis of a choriocarcinoma and subse-
quently cultured for hundreds of passages in hamster cheek-

pouches and also in tissue cultures. While JAR and JEG-3 are 
frequently applied as models for in vitro studies of tropho-
blasts, the JAR cells do not express HLA class molecules 
but JEG-3 express HLA-G, HLA-E and HLA-C [36]. There-
fore, in terms of HLA expression, JAR cells resemble villous 
trophoblast, while JEG-3 are extravillous cytotrophoblasts. 

We demonstrated that JAR cells (HLA-G negative) and 
JEG-3 (HLA-G positive) express a similar panel of examined 
MMPs; except for the MMP12 metalloproteinase. Transcripts 
of MMP12 metalloelastase were detected only in HLA-G 
positive JEG-3 cells and not in HLA-G deficient JAR cells. 
This is supported by Hiden et al. [35] who identified MMP12 
as a proteolytic enzyme highly expressed in primary tropho-
blasts isolated from first trimester placenta. 

Our results are also supported by Grummer et al. [37] 
who investigated the invasion of JAR and JEG-3 cells in the 

Figure 4. Expression of MMPs in HLA-G transfectants of leukemia cell 
lines. HLA-G and MMP transcripts were examined by sqRT-PCR in 
HLA-G negative cell lines (.221 and K562), in HLA-G positive transfec-
tants (.221-G1, K562-G1, K562-G2) and in AZA-treated cells (.221+AZA, 
K562+AZA). Choriocarcinoma cell line JEG-3 was used as HLA-G posi-
tive control. The following panel of MMPs was analyzed: MMP-1, -2, -3, 
-7, -9, -10, -12, -13, -14, -15, -16, -17, -19, -20. GAPDH: endogenous con-
trol. HLA-G isoforms: -G1, -G2, -G3, -G4.

Figure 3. Expression of HLA-G and MMPs in leukemia cell lines before 
and after AZA-treatment. HLA-G and MMP transcripts were examined 
by sqRT-PCR in leukemia cell lines (MT1, JURKAT and RAJI) and in their 
AZA-treated counterparts (MT1+AZA, JURKAT+AZA and RAJI+AZA). 
JAR cells were used as HLA-G negative control. Cells JAR+AZA and JEG-
3 were used as HLA-G positive controls. The following set of MMPs was 
explored: MMP-1, -2, -3, -7, -9, -10, -12, -13, -14, -15, -16, -17, -19, -20. 
GAPDH: endogenous control. HLA-G isoforms: -G1, -G2, -G3, -G4.
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human endometrium. These authors demonstrated that in 
contrast to JAR cells, JEG-3 spheroids had higher invasion in 
underlying endometrial stroma [37]. It has also been demon-
strated that MMP12 expression in some cancers correlates 
with tumor invasion and metastasis, where MMP12 was 
highly expressed in non-small cell lung cancer, gastric cancer 
and cutaneous melanoma, and it was also strongly associated 
with tumor spread [38–40].

Aberrant HLA-G expression has been detected in various 
malignancies and is often linked with tumor invasion and 
metastasis [8, 10, 19]. It is established that many tumors 
have increased levels of matrix metalloproteinases involved 
in tumor progression [31,34], and recently observed that 
engineered expression of HLA-G molecules in the HO-8910 
ovarian cancer cell line subsequently induced transcription 
of MMP15 metalloproteinase [18]. Similarly, strong correla-
tion between HLA-G and MMP15 expression was demon-
strated in primary ovarian cancer lesions. 

It was proposed that up-regulation of some MMPs could 
be linked with HLA-G expression, and therefore we analyzed 
MMP transcription in association with HLA-G expression 
using human choriocarcinoma and leukemia cell lines. We 
investigated the effect of HLA-G expression on MMP induc-
tion in JAR cells and demonstrated that JAR cells expressed 
HLA-G proteins after AZA-treatment but no change in MMP 
transcription was detected (neither MMP12 nor MMP15 
transcription was influenced). We then evaluated MMP 
transcription in association with HLA-G expression using 
various HLA-G negative leukemia cell lines and their HLA-G 
expressing counterparts (prepared by AZA-treatment or by 
HLA-G transfection). We demonstrated that the levels of 
MMP mRNAs in K562 and .221 cell lines were not affected 
by HLA-G expression in transfectants .221-G1, K562-GI 
and K562-G2. However, treatment of leukemia cells with 
AZA reagent resulted not only in up-regulation of HLA-G 
expression, but also in transcription of some MMPs. We 

assume that this MMP transcription was caused by epigen-
etic modulation of MMP genes following AZA-treatment; 
and not solely by HLA-G expression. Subsequent sqRT-PCR 
analysis of TIMP1-TIMP4 transciption associatiated with 
HLA-G expression in choriocarcinoma and leukemia cell 
lines confirmed that HLA-G expression in the .221-G1, 
K562-G1 and K562-G2 transfectants had no effect on TIMPs 
transcription; but we established increased levels of some 
TIMPs following AZA-treatment.

Finally, our combined results determined that HLA-G 
expression induction had no effect on MMP and TIMP 
transcription in the cell lines used in this study. The differ-
ence in MMP12 expression observed between JEG-3 and 
JAR cells is therefore explained by the high invasion potential 
of the JEG-3 cells.
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Figure 5. TIMP expression in choriocarcinoma and leukemia cell lines. TIMP1-4 transcripts expressed in choriocarcinoma and leukemia cell lines were 
examined using sqRT-PCR. HLA-G negative cell lines were converted to their HLA-G positive counterparts by AZA-treatment or HLA-G transfection. 
JEG-3 cells were used as HLA-G positive control and GAPDH as endogenous control.
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