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Abstract
AIM: To investigate the possible correlation between 
osteoglycin expression and gelatinase activity of mouse 
hepatocarcinoma Hca-F cells. 

METHODS: A eukaryotic expression plasmid pIRESpu-
ro3 osteoglycin(+) was constructed and transfected 
into Hca-F cells to investigate the possible correlation 
between osteoglycin expression and gelatinase activ-
ity of Hca-F cells cultured with extract of lymph node, 
liver, spleen or in DMEM medium. The activity of gela-
tinases was examined through zymographic analysis.

RESULTS: High expression of osteoglycin attenuated 
the gelatinase activity of Hca-F cells cultured with ex-
tract of lymph node, and at the same time, decreased 
the metastatic potential of Hca-F cells to peripheral 
lymph nodes in vivo . 

CONCLUSION: High expression of osteoglycin de-
creases the gelatinase activity of Hca-F cells cultured 
with extract of lymph node; regulation of gelatinase 
activity might be one of mechanisms that osteoglycin 
contributes to lymphatic metastasis suppression.
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INTRODUCTION
Most cancer lesions metastasize through the lymphatic 
system and the status of  regional lymph nodes is the 
most important indicator of  a patient’s prognosis[1]. 
But the molecular mechanism of  lymphatic metastasis 
remains unclear. Hca-P and Hca-F are synogenetic mouse 
hepatocarcinoma cell lines, when inoculated subcuta
neously in 615-mice, they metastasized only to the lymph 
nodes but not to other organs, Hca-P cells illustrated a low 
metastatic potential (lymphatic metastasis rate < 30%), 
while Hca-F cells showed a high metastatic potential 
(lymphatic metastasis rate > 80%)[2,3]. In our previous 
study, we found that osteoglycin was highly expressed 
in Hca-P cells and lowly expressed in Hca-F cells with 
suppressively subtracted hybridization (SSH) technique. 
Osteoglycin (OGN) is a member of  proteoglycans 
(PGs) called small leucine-rich proteoglycans (SLRPs) 
residing in the extracellular matrix of  connective tissues 
which are involved in matrix assembly, cellular growth and 
migration[4]. There are few reports about the relationship 
between osteoglycin and tumor metastasis. We subsequently 
transfected osteoglycin into Hca-F cells and found that 
high expression of  osteoglycin inhibited the metastatic 
behavior of  Hca-F cells[5]. However, the mechanism of  
osteoglycin regulating metastasis is elusive.

Gelatinases/type Ⅳ collagenases belong to matrix 
metalloproteinase (MMP) family, including gelatinase 
A (also known as MMP2, 72 kDa) and gelatinase B 
(also known as MMP9, 92 kDa), they are secreted in a 
proenzyme form and activated extracellularly[6]. Gelatin
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ases mainly degrade collagen Ⅳ and a number of  other 
ECM proteins, such as Col Ⅰ, Ⅴ, Ⅶ, Ⅸ, fibronectin, 
laminin, elastin and vitronectin[7]. As the most frequently 
studied MMPs in tumor research, gelatinases are suggested 
to play critical roles in tumor invasion and metastasis[8].

In this study, we resorted to gene transfection 
technique to explore the possible correlation between 
osteoglycin expression and gelatinase activity of  murine 
hepatocarcinoma Hca-F cells with a high metastatic 
potential. We found that high expression of  osteoglycin 
decreased the gelatinase activity of  Hca-F cells cultured 
with extract of  lymph node, and at the same time, 
decreased the metastatic potential of  Hca-F cells to 
peripheral lymph nodes in vivo; regulation of  gelatinase 
activity might be one of  mechanisms that osteoglycin 
contributes to lymphatic metastasis suppression. 

MATERIALS AND METHODS
Cell culture and animals
Mouse hepatocarcinoma Hca-P cells and Hca-F cells (es-
tablished by Department of  Pathology, Dalian Medical 
University) were cultured in DMEM (Invitrogen) supple-
mented with antibiotics (1 × penicillin/streptomycin  
100 U/mL, Invitrogen), 10% FBS (Invitrogen) and cul-
tured in a humidified incubator at 37℃ with 50 mL/L 
CO2; inbred 615-mice (male, 8 wk old) were provided by 
Animal Facility of  Dalian Medical University.

Construction of targeting vector
The osteoglycin coding sequence was amplified by poly-
merase chain reaction (PCR). Briefly, total RNA from  
1 × 107 Hca-F cells was isolated with Trizol (Invitrogen). 
A High Fidelity PrimeScript RT-PCR kit (TaKaRa) was 
used to synthesize the cDNA according to the manu-
facturer’s protocol. PCR was carried out with primer 
sets P1, 5'-GAATTCATGGAGACTGTGCACTCTA-3' 
(forward), and P2, 5'-GCGGCCGCTTAGAAGTATGA
CCCTA-3' (reverse), containing EcoRⅠ and NotⅠ sites, 
respectively (underlined). Using obtained cDNA as a 
template, PCR was carried out under the following con-
ditions: 30 cycles of  denaturation for 10 s at 98℃, an-
nealing for 15 s at 55℃, and extension for 60 s at 72℃. 
After digestion by EcoRⅠ and NotⅠ enzymes, the PCR 
product was cloned into pIRESpuro3 vector digested by 
the same enzymes and designated as pIRESpuro osteo-
glycin(+). Sequence and orientation were confirmed by 
DNA sequencing using a BigDye Terminator V3.1 cycle 
sequencing kit (Applied Biosystems).

Cell transfection and screening
Hca-F cells incubated in antibiotic-free medium with 
10% FBS (Invitrogen) were transferred to a 6-well 
culture plate and incubated at 37℃, CO2 incubator 
to obtain 60%-80% confluence, and then were stably 
transfected with pIRESpuro3 and pIRESpuro3 
osteoglycin(+) using TransIT-LT1 Transfection Reagent 
(TaKaRa) according to the protocol provided by the 
manufacturer. Two µg plasmid DNA was added to each 

transfection. The transfected Hca-F cells were selected 
by puromycin (Clontech) for 2 wk and maintained in 
medium containing 0.5 mg/L puromycin. 

RT-PCR analysis
For RT-PCR analysis of  osteoglycin mRNA levels, total 
RNA was isolated from cells using Trizol (Invitrogen) 
and cDNA was synthesized with High Fidelity Prime-
ScriptTM RT-PCR Kit (TaKaRa) according to the manu-
facturer’s instruction. The sequences of  the primers were 
as follows: F1: 5'-TTCTCCTGCTACTCTTCGTG-3' 
and R1: 5'-AAGCAGACACACAACAGGCA-3' for 
osteoglycin; and F1: 5'-CGGGACCTGACAGACTACC
T-3' and R1: 5'-AGCACTGTGTTGGCATAGAG-3' for 
β-actin, respectively. PCR analysis was performed under 
the following conditions: 30 cycles of  denaturation for 
10 s at 98℃, annealing for 15 s at 55℃, and extension 
for 30 s at 72℃. The amplified products were analyzed 
by agarose gel electrophoresis using 1.6% gel, followed 
by ethidium bromide staining. The bands were analyzed 
with LabWorks (UVP GDS-800 Version 4.0).

Western blotting analysis
Western blotting analysis was carried out to evaluate 
osteoglycin protein levels. Cellular protein was extracted 
with lysis buffer [20 mmol/L Tris (pH 7.5), 150 mmol/L 
NaCl, 1 mmol/L MgCl2, 2 mmol/L EGTA, 10% glycerol, 
0.15% sodium dodecylsulfate, 1% deoxycholate, 1% 
Triton X-100, and 1% anti-protease cocktail (Sigma)]. 
The extracted proteins were subjected to 10% sodiumdo
decylsulfate-polyacrylamide gel electrophoresis, blotted 
onto polyvinylidene difluoride membranes (Invitrogen), 
then probed with goat anti-mouse osteoglycin polyclonal 
antibody and β-actin monoclonal antibody (Santa Cruz) 
followed by secondary antibody conjugated to horseradish 
peroxidase (Santa Cruz) and detected by enhanced 
chemiluminescence (Amersham Biosciences). The bands 
were analyzed with LabWorks (UVP GDS-800 Version 4.0).

In vivo tumor metastasis assay 
Ninety inbred 615-mice were randomly divided into 3 
groups. Hca-F cells (F), Hca-F cells transfected with 
pIRESpuro3 (F0), or Hca-F cells transfected with 
pIRESpuro3 osteoglycin(+) [F(+)] were inoculated 
subcutaneously at 2 × 106 tumor cells of  approximately 
0.05 mL cell suspension into the left foot of  each 
mouse in each group. They were terminated on the 
28th day after inoculation, the implanted tumor and 
their axillary lymph nodes, inguinal lymph nodes, and 
popliteal lymph nodes were hematoxylin eosin (HE) 
stained and examined under microscope. The mouse 
which had at least one metastatic axillary lymph node or 
one metastatic inguinal lymph node or one metastatic 
popliteal lymph node was considered as a metastatic 
mouse. The lymph node metastatic rate of  tumor-
burden mice = metastatic mice/total mice. 

The lymph node metastatic rates of  F, F0 and F(+) 
cells burden mice were calculated. The number of  
positive lymph nodes per mouse was also evaluated. 
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Zymographic analysis
The F, Hca-P (P), F0 and F(+) cells were put into dif-
ferent wells at 5 × 105, and then added 50 mg extract of  
lymph node, liver or spleen respectively. The Dulbecco’s  
Modified Eagle Media (DMEM) was placed into each 
well up to 1 mL. DMEM medium containing only F, P, 
F0 or F(+) cells, and DMEM medium added only extracts 
of  lymph node, liver or spleen served as controls. These 
cells were cultured at 37℃ for 24 h. The supernatant of  
cultured cells was collected by centrifugation at 3000 × g. 
Gelatinases contained in supernatants of  each cell with 
or without extracts of  lymph node, liver or spleen were 
detected through zymographic analysis according to the 
method described by Fridman[9]. The bands were analyzed 
with LabWorks (UVP GDS-800 Version 4.0).

Statistical analysis 
Data were presented as means ± SD and analyzed by the 
Student’s t test, analysis of  variance and χ2 test using SPSS 
11.5. P < 0.05 was considered statistically significant.

RESULTS
Osteoglycin expression at mRNA and protein level 
The relative mRNA and protein levels of  osteoglycin were 
determined by RT-PCR and Western blotting analysis, 
respectively. Compared with F and F0 cells, F(+) cells 
showed significantly higher expression of  osteoglycin at 
both mRNA and protein levels; however, no significant 
difference of  osteoglycin expression was found between 
F0 and F cells. Transfection of  osteoglycin into Hca-F cells 
resulted in high expression of  osteoglycin at both mRNA 
and protein levels. Osteoglycin was highly expression at 
both mRNA and protein levels in P cells (Figure 1).

In vivo tumor metastasis assay 
F, F0 and F(+) cells were injected subcutaneously into 
the left foot of  615-mice. The implanted tumors were 
palpable on the 7th day after inoculation. On the 28th day 
after inoculation, 53.3% (16/30) F(+) cells burden mice 
developed lymphatic metastasis, while 80% (24/30, P < 
0.05) F cells burden mice and 83.3% (25/30, P < 0.05) F0 
cells burden mice developed lymphatic metastasis. Hca-F 
cells with transfected osteoglycin showed significant 
decrease in metastasis potential to lymph node (Figure 2). 
The result supported the fact that osteoglycin acted as a 
tumor lymphatic metastasis suppressed gene.

No significant difference was found in the number 
of  positive lymph nodes per mouse in F(+), F and F0 
cells burden mice.

Zymographic analysis
When cultured in DMEM, no cell produced any gelatinase 
(no gelatinase was detected in the supernatant of  each 
cell). However, when cultured with extract of  lymph 
node, all cells produced gelatinases (Pro-MMP-9, MMP-9 
active, Pro-MMP-2 and MMP-2 active were detected in 
the supernatant of  each cell). The quantity of  gelatinases 
produced by tumor cells were closely associated with 
the metastatic potential of  each tumor cell (quantity of  

MMP2 and MMP9 detected in the supernatant of  F and 
F0 cells were much higher than those detected in F(+) 
and P cells (P < 0.05). High expression of  osteoglycin 
via transfecion of  osteoglycin attenuated the secretion 
of  gelatinases in Hca-F cells cultured with extract of  
lymph node (quantities of  MMP2 and MMP9 detected 
in the supernatant of  F(+) cells were much lower than 
those detected in F and F0 cells (P < 0.05). The extract 
of  lymph node did not contain any gelatinase (Figure 3). 
Gelatin lysis bands were found in the zymograms of  the 
supernatant of  all cells cultured with extract of  liver, and 
the same gelatin lysis bands were found in the zymograms 
of  the extract of  liver, and their intensities were almost the 
same (Figure 4); gelatin lysis bands were also found in the 
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Figure 1  Analysis of osteoglycin expression. RT-PCR analysis (A) and 
Western blot analysis (B) of osteoglycin expression in mouse hepatocarcinoma 
cells; relative signal intensities of osteoglycin mRNA (C) and protein (D) levels 
were normal as against those of β-actin by LabWorks (UVP GDS-800 Version 
4.0) analysis (compared with F cells, aP < 0.05). F: Hca-F cells; P: Hca-P cells; 
F(+): Hca-F cells transfected with pIRESpuro3 osteoglycin(+); F0: Hca-F cells 
transfected with pIRESpuro3. β-actin was used as an internal control.
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zymograms of  the supernatant of  all cells cultured with 
extract of  spleen, and in the zymograms of  the extract of  
spleen, with similar intensities (Figure 5). Therefore, we 
think that all cells in the liver and spleen did not produce 
any gelatinases.

DISCUSSION
The metastatic potential of  tumor cells is believed to be 
regulated by interactions between the tumor cells and 
their extracellular environment (extracellular matrix)[10,11]. 
Being a matrix molecule, osteoglycin participates in the 
organization and regulation of  the extracellular matrix 
and might influence the tumor metastasis, as exemplified 
by studies in vivo that osteoglycin played a role in collagen 
fibrillogenesis[12,13], a process essential in metastasis[11,12]. 
In addition to its extracellular matrix functions, oste
oglycin, like other members of  SLRPs, also plays a role 

in regulation of  cell biological behavior[4]. As illustrated 
in the literature, the expression of  mimecan was high 
at mRNA level in corneal keratocytes cultured in low-
serum or serum-free media, but was attenuated if  
these cells were cultured in media containing serum[14]. 
Osteoglycin mRNA was absent or at a low level in the 
majority of  cancer cell lines and tumors[15]. Bioactive 
such as p53, basic fibroblast growth factor, interferon-γ 
and bone morphogenetic protein-1/tolloid-related 
metalloproteinases interacted with osteoglycin[16-20]. In 
the earlier studies, we found that osteoglycin was highly 
expressed in Hca-P cells and lowly expressed in Hca-F 
cells, and that osteoglycin acted as a tumor lymphatic 
metastasis suppressed gene[5]. However, no data 
identified intrinsic mechanism for osteoglycin regulation 
of  tumor lymphatic metastasis.

Hca-P and Hca-F are syngenetic mouse hepato
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Figure 2  Metastatic lymph nodes of tumor-burden mice inoculated with Hca-F cells (A), Hca-F cells transfected with pIRESpuro3 (B), or Hca-F cells 
transfected with pIRESpuro3 osteoglycin(+) (C). Lymph nodes of tumor-burden mice were HE stained and examined under microscope. 
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Figure 3  Zymographic analysis of MMPs activity of tumor cells in DMEM 
with or without lymph node extract (A); the intensity of gelatin lysis bands 
obtained by scanning densitometry (LabWorks UVP GDS-800 Version 4.0, 
multiple comparisons, aP < 0.05) (B). 1. L; 2. F; 3. P; 4. F(+); 5. F0; 6. F; 7. P; 
8. F(+); 9. F0. 10. Type Ⅳ collagenases. 1. L: lymph node extract; 2-5: cells in 
DMEM. 6-10: cells cultured with lymph node extract. F: Hca-F cells; P: Hca-P 
cells; F(+): Hca-F cells transfected with pIRESpuro3 osteoglycin(+); F0: Hca-F 
cells transfected with pIRESpuro3.

B

A   1           2         3	       4	    5	 6

Pro-MMP-9 (92 kDa)
MMP-9 active (86 kDa)

Pro-MMP-2 (72 kDa)

MMP-2 active (68 kDa)

120 000

100 000

80 000

60 000

40 000

20 000

0
             F	           P	         F(+)	        F0      Liver extract

In
te

ns
ity

 o
f 

ge
la

tin
 

  
  

ly
si

s 
ba

nd
s

B

Figure 4  Zymographic analysis of MMPs activity of tumor cells in liver 
extract (A); the intensity of gelatin lysis bands obtained by scanning 
densitometry (LabWorks UVP GDS-800 Version 4.0) (B). 1. Type IV 
collagenases; 2. F; 3. P; 4. F(+); 5. F0; 6. Liver extract. F: Hca-F cells; P: Hca-P 
cells; F(+): Hca-F cells transfected with pIRESpuro3 osteoglycin(+); F0: Hca-F 
cells transfected with pIRESpuro3.
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carcinoma cell lines presenting a specific potential of  
lymphatic metastasis with a significant difference in their 
potential of  metastasis[2,3], which provide good experi
mental models for lymph node metastasis.

Cell adhesion to extracellular matrices is a determi
nant for cell migration and invasion[21,22]. Osteoglycin, 
being a matrix molecule, as we once assumed, would 
probably affect adhesive capacity of  tumor cells, whereby 
influencing tumor migration and invasion. However, our 
previous work showed that adhesion was not responsible 
for the contribution of  osteoglycin to lymphatic metastasis 
inhibition[5]. As the main mediators of  extracellular matrix 
degradation, gelatinases play an important role in tumor 
metastasis as demonstrated in gastrointestinal cancer[23,24], 
breast cancer[25], hepatocarcinoma[26], etc. Inhibition of  
the gelatinase activity can reduce the metastatic potential 
of  cancer cells[27]. In the present study, high expression 
of  osteoglycin via osteoglycin transfection attenuated the 
secretion of  gelatinases (Pro-MMP-9, MMP-9 active, Pro-
MMP-2 and MMP-2 active) in Hca-F cells cultured with 
extract of  lymph node, and at the same time, decreased 
the metastatic potential of  Hca-F cells to peripheral lymph 
nodes in vivo, which suggested that regulation of  gelatinase 
activity might be one of  mechanisms that osteoglycin 
contributes to lymphatic metastasis suppression. Moreover, 
osteoglycin expression only influenced gelatinase activity 
of  Hca-F cells cultured with extract of  lymph node, but 
failed to influence gelatinase activity of  Hca-F cell cultured 
with extracts of  liver and spleen or in DMEM medium, 
demonstrating a lymph node environment-selective 
metastasis suppression, which further supported the fact 
that osteoglycin acted as lymphatic metastasis suppression 

gene. The mechanism of  osteoglycin impact on gelatinases 
is unclear. Some of  the SLRPs members bind and 
modulate TGF-β and cytokines such as TNF-α[28,29] 
and play roles in EGFR activation pathway and the  
NF-κB signal transduction system as well[30,31]. And these 
bioactives (TGF-β, TNF-α, EGF and NF-κB) are also 
the regulators of  gelatinase activity[6,32], which implicates 
that SLRPs might involve in the regulation of  gelatinase 
activity. Further studies are needed to clarify the interaction 
between gelatinases and osteoglycin.
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