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Abstract 

 
Fibrinogen-like protein 2 (Fgl2)/fibroleukin has recently been identified as a new member of 
fibrinogen-related protein superfamily, with the serine protease activity. Fgl2 functions as a 
novel immune coagulant with the ability to generate thrombin directly,and may be involved 
in angiogenesis. Cells proliferation and cell migration are critical steps in angiogenesis. In the 
present study, we investigated the expression of hFgl2 mRNA after Fgl2 RNAi transfection in 
myocardical microvascular endothelial cell,we found that Fgl2 mRNA expression decreased 
significantly.Results also showed that the proliferation and migration of myocardical mi-
crovascular endothelial cell increased significantly after Fgl2 RNAi transfection. The de-
creased Fgl2 mRNA levels,result in increased Tie2, Ang1, and Ang2 gene expression in myo-
cardical microvascular endothelial cell.This study indicated that Fgl2 Gene silencing acti-
vates angiopoietin/Tie system and induces Myocardial Microvascular Endothelial Cells pro-
liferation and cell migration. 
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Introduction  
 
Fibrinogen-like protein 2 (Fgl2)/fibroleukin has recently 
been identified as a new member of fibrinogen-related 
protein superfamily, with the serine protease activity. The 
biological activity of Fgl2 prothrombinase, similar to co-
agulating factor Xa, can directly catalyze prothrombinase 
into activated thrombinase, thereby, initiating a cascade 
coagulating reaction[1]. Several studies indicate that Fgl2 
is involved in pathological changes such as immune co-
agulation, fibrin deposition, and micro-thrombus[2]. In 
addition to its primary role in homeostasis and blood co-
agulation, thrombin is a potent mitogen that dramatically 
increases the growth and metastasis potential of tumor 
cells. Fgl2 functions as a novel immune coagulant with 
the ability to generate thrombin directly,and may be in-
volved in angiogenesis[3].  
We have verified that angiogenesis may be beneficial in 
the treatment of ischemia heart diseases[4].As we 
known,target thrombus and angiogenesis are very effec-
tive strategy to treat ischemia heart diseases,so Fgl2 is a 
potential target on both angiogenesis and thrombus.  

 
Cell proliferation and migration are the major events of 
angiogenesis[5,6],and angiopoietin/Tie system plays im-
portant role in cell proliferation and migration. Therefore, 
we propose that Fgl2 may be involved in cell proliferation 
and migration. Up to now,we have not any information 
about it,we did not know the effect of Fgl2 on prolifera-
tion and migration of Myocardial Microvascular Endothe-
lial Cells (MMVECs) and the mechanism involved. 
 
In the present study, we constructed a lentiviral RNA in-
terferenced vector of human fibrinogen-like protein 
2(hFgl2) gene. Myocardial Microvascular Endothelial 
Cells (MMVECs) were transfected by lentiviral vector.To 
investigate how Fgl2 gene silence affects the proliferation 
and migration of MMVECs and whether angiopoietin/Tie 
system activation involved or not.  
 
Materials and Methods 
 
This study is an experimental study and has been ap-
proved by the the first afficiated Hospital of Nanchang 
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University Research and Ethical Committee. The study 
duration is from 12 september 2009 to 30 May 2011, ap-
proximately 20 months. 
 
Materials 
Culture medium, fetal calf serum (FCS), glutamine and 
antibiotics were from Hyclone Company (USA); EC 
growth supplement, gelatin, trypsin, amphotericin B and 
hydrocortisone were from Sigma (Germany); RNA-
tocDNA Kit, Avidin Biotin Complex were purchased 
from Nanjing JianChen bioengineering institute. Dul-
becco’s modified Eagle’s medium (DMEM) was pur-
chased from Gibco, USA. Trizol reagent was purchased 
from Invitrogen Ltd (USA); Mouse murine leukemia vi-
rus reverse transcriptase was purchased from Promega 

(USA). pGCSIL-Fgl2、pGC-LV、pHelper 1.0、pHelper 
are provided by Jikai gene company(China). FVIII RA 
antibody was purchased from Solarbio company(China) 
 
Myocardical Microvascular Endothelial Cell Cultures 
Hearts were excised from Sprague-Dawley (SD) rats of 
seven days old under aseptic conditions. Cardiac ventri-
cles were cleaned by sterilized Hank’s solution and then 
cut into pieces. A homogenate of ventricles was sus-
pended and filtered by sequential 200 µm and 60 µm mi-
crofiltration. The filtered cells were cultured in culture 
flasks (75 cm2) at 37 °C in a humidified atmosphere with 
5% CO2 in endothelial cell growth medium (ECGM), as 
supplied by the manufacturer, supplemented with 10 
ng/mL human recombinant epidermal growth factor, 1 
µg/mL hydrocortisone, 50 µg/mL gentamicin, 50 µg/mL 
amphotericin B, 12 µg bovine brain extract and 2% v/v 
fetal calf serum (FCS) for three days and used in passages 
3–6. 
 
RNAi Design and Preparation and transfection of 
siRNAs 
Fgl2 RNAi or GFP virus were provided by Jikai Com-
pany. Briefly,the nucleotide sequences of 
hFgl2(NM_006682) were found in the GeneBank.Tatget 
sequence of Fgl2 gene (Forward:5′-
CCGGCACGTCCAGTTCAACATCTAATTCAAGA-
GATT AGATGTTGAACTGGACGTGTTTTTG-
3′,Reverse:5′-
AATTCAAAAACACGTCCAGTTCAACATCTAATC-
TCTTGAATTAGATGTTGAACTGGACGTG-3′.) could 
be effectively scilenced with RNA interference were con-
firmed.The cDNA containing both sense and antisense 
Oligo DNA fragements of target sequences were designed 
and cloned into the pGCSIL-GFP vector which was di-
gested by AgeI/EcoRI.The obtained lentiviral vector con-
taining Fgl2shRNA was confirmed by digestion and se-
quencing. Using lentiviral vector pHelper 

1.0、pHelper2.0、 pGC-LVFgl2 to transfect 293T 
cells,then the lentivirus were collected.The titer of virus 
was tested according to the expression level of GFP. 

Titers of the virus stocks were routinely1×109 transduc-
tion units (TU) ml−1. 
 
Real-time RT-PCR 
Real-time reverse transcription-polymerase chain reaction 
(PCR) was used to quantify mRNA expression.Fgl2 
RNAi or GFP virus infected Myocardical Microvascular 
Endothelial Cell were harvest at 96 hr after infection. To-
tal RNA was extracted from the infected cell samples us-
ing Trizol reagent Kit according to the manufacturer's 
protocol. Viral mRNA copies were measured by SYBR 
green M×3000 Real-Time PCR System 
(Stratagene,USA),using primers Fgl2-Forward:5′- 
AGTCGCTCCAACTGGTA AAT-3′,Fgl2-Reverse:5′-
TCTGTAGGTCCCACTGCTTC-3′;Ang-1-Forward: 5′-
TTT TGTGCTGGGTCTGGT-3′,Ang-1-Reverse:5′-
CTTGATGCTGCCCTTGTT-3′;Ang-2-Forward:5′-
GCGACCCCTTCAACTCTTG-3′,Ang-2-Reverse:5′-
GTATCTGGCATCCCGACC-3′;Tie-2-Forward:5′-
GCGACCCCTTCAACTCTTG-3′,Tie-2-Reverse:5′-
TGACCCAGATGTTTGAGACCTT-3′;β-actin-
Forward:5′-TGACCCAGATGTTTGAGACCTT-3′, β-
actin-Reverse: 5′-CGGAGTCCATCACAATGCCAGT-
3′. The reactions were performed at 95°C 10 mins, 40 
cycles of 95°C 1 min, 60°C 1 min, 72°C 1 min, followed 
by melting curve analysis according to instrument docu-
mentation. All reactions were done in triplicates and the 
results were normalized by β-action. 
 
Proliferation assay 
To investigate the effects of Fgl2 RNAi on myocardical 
microvascular endothelial cell proliferation, myocardical 
microvascular endothelial cell were infected with Fgl2 
RNAi,, or GFP virus in 6-well plates in triplicate, and 5 
days later the cells were trypsinized and seeded in 96-well 
plates in triplicate(1×104 cells/well). After attachment, 
the cells were exposed to DMEM with 0.5% FBS for 48 h 
and then the effects of Fgl2 RNAi on myocardical mi-
crovascular endothelial cell proliferation were evaluated 
using the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide (MTT) colorimetric assay. Briefly, me-
dium was removed and replaced with medium containing 
5 mg/ml MTT and incubated for 4 h. The mediumwas 
then aspirated, and the product was solubilized with di-
methyl sulfoxide (DMSO). Absorbance was measured at 
570 nm for each well using a microplate reader according 
to the manufacturer’s protocol. 
 
Migration assay 
Cell migration assay was performed using boyden tran-
swell chambers.Briefly, 200 µl DMEM containing 10% 
FBS was added to the bottom well. Cells were resus-
pended in the appropriate buffer at a concentration of 
5×105 cells/ ml and 500 µl cell suspension was added to 
the top well of transwell chambers.Between the bottom 
well and the top well, there was the filter (pore size: 8 
µm). After incubation at 37 ◦C in 5% CO2 condition, the 
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cells that had not migrated were removed from the upper 
surface of the filters using cotton swabs, and those that 
migrated to the lower surface of the filters were fixed in 
methanol and stained with 0.1% crystal violet. Migration 
was determined by counting the cell number with a mi-
croscope at 400×. Five visual fields were chosen ran-
domly for each assay. The average number of the migrat-
ing cells in five fields was taken as the cell migration 
number of the group. The assays were repeated three 
times. Data are presented as relative migration (number of 
cells/high power field) and represent mean±standard er-
ror. 
 
Statistics 
Values presented are the mean±S.E.M. Comparisons be-
tween two groups were performed using Student’s t-test; 
three or more groups were compared by analysis of vari-
ance followed by the Newman–Keuls test. P values less 
than 0.05 were considered significant. 
 
Results 
 
Fgl2 RNAi decreases the expression of Fgl2 mRNA  
To observe the expression of Fgl2 mRNA after myocardi-
cal microvascular endothelial cell infected with Fgl2 
RNAi or GFP virus,qPCR was used to determine the ex-
pression of Fgl2 mRNA expression.The results showed 
that myocardical microvascular endothelial cell infected 
with Fgl2 RNAi resulted in decreased expression of Fgl2 
mRNA compared to control and group infected with GFP 
virus (as a control for transfection efficiency) (Fig. 1).  
 

 
 
Figure 1. Fgl2 gene expression after Fgl2 shRNA virus 
transfection. Fgl2 mRNA expression decreased signifi-
cantly. Gene expression was assessed by RT-qPCR. Data 
were analyzed by the 2−∆∆C(t) method with β-actin as a 

control gene,△△CtA =[(CtA－Ctβ-actin)－(Ctc－Ctβ-actin). 

Error bar represents SD between duplicates. #, p<0.05 vs. 
control and GFP group (n=3). 
 
MTT analysis 
In order to determine the proliferative effects using MTT 

assay. Myocardical microvascular endothelial cell in-
fected with Fgl2 RNAi resulted in decreased expression 
of Fgl2 mRNA and significantly increase myocardical 
microvascular endothelial cell proliferation compared to 
the control and group infected with GFP virus (Fig. 
2).The effects were significant at 2,3,4 days,and the effect 
reach the maximum at day 4, which suggested that Fgl2 
RNAi can promotes cell proliferation. 
 

 
 
Figure 2. Fgl2 gene silencing promotes proliferation of 
myocardical microvascular endothelial cell.MTT analysis 
results showed that infection with Fgl2 shRNA virus re-
sulted in increased proliferation of myocardical mi-
crovascular endothelial cell at day 2,3,4.Each experiment 
was performed at least in triplicate. #, p<0.05 vs. control 
and GFP group (n=3).  

 

 
 
Figure 3. Fgl2 gene silencing promotes migration of 
myocardical microvascular endothelial cell.   The figure 
shows that infection with Fgl2 shRNA virus resulted in 
increased numbers of migrated myocardical microvascu-
lar endothelial cell through the membrane filter.  Each 
experiment was performed at least in triplicate. #, p<0.05 
vs. control and GFP group (n=3).     
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Figure 4.Fgl2 gene silencing increases the expression of 
Ang1 mRNA.Gene expression was assessed by RT-qPCR. 
Data were analyzed by the 2−∆∆C(t) method with β-actin 

as a control gene,△△CtA =[(CtA－Ctβ-actin)－(Ctc－Ctβ-

actin). Error bar represents SD between duplicates. #, 
p<0.05 vs. control and GFP group (n=3). 

 
 
Figure 5. Fgl2 gene silencing increases the expression of 
Ang2 mRNA.Gene expression was assessed by RT-qPCR. 
Data were analyzed by the 2−∆∆C(t) method with β-actin 

as a control gene,△△CtA =[(CtA－Ctβ-actin)－(Ctc－Ctβ-
actin). Error bar represents SD between duplicates. #, 
p<0.05 vs. control and GFP group (n=3). 
 

 
 
Figure 6. Fgl2 gene silencing increases the expression of 
Tie2 mRNA.Gene expression was assessed by RT-qPCR. 
Data were analyzed by the 2−∆∆C(t) method with β-actin 

as a control gene,△△CtA =[(CtA－Ctβ-actin)－(Ctc－Ctβ-

actin). Error bar represents SD between duplicates. #, 
p<0.05 vs. control and GFP group (n=3). 
 

Migration analysis 
We determined the migration effects of Fgl2 RNAi trans-
fection using boyden chamber assay. In transwell boyden 
chamber assay,Infection with Fgl2 RNAi, stimulated 
myocardical microvascular endothelial cell migration 
(Fig. 3). These data suggest that Fgl2 play important roles 
in regulating migration of myocardical microvascular en-
dothelial cell. 
 

qPCR analysis of Ang1、、、、Ang2、、、、Tie-2 

As we all known Ang1、Ang2、Tie-2 play important 
roles in angiopoietin/Tie system ,so we explore angiopoi-
etin/Tie system activation in the process, so we observe 

the expression of Ang1、Ang2、Tie-2 mRNA after Fgl2 
RNAi transfection.The results showed that Fgl2 RNAi 

increase the expression of Ang1、Ang2、Tie-2 
mRNA(Fig. 4.5.6). 
 
Disscusion 
 
In the present study, we investigated the expression of 
hFgl2 mRNA after Fgl2 RNAi transfection in myocardi-
cal microvascular endothelial cell,we found that Fgl2 
mRNA expression decreased significantly after Fgl2 
RNAi transfection. In addition,the proliferation and mi-
gration of myocardical microvascular endothelial cell in-
creased significantly at the same time.The results showed 
that Fgl2 is a target to regulate cell proliferation and mi-
gration,which indicated that Fgl2 is involved in angio-
genesis. 
 
Endothelial cell proliferation and migration play critical 
roles in angiogenesis [7]. Angiogenesis is the formation 
of new blood vessels from pre-existing vessels, a physio-
logical or pathological neo-vascularization process in re-
sponse to tissue ischemia and tumor growth or metastasis, 
which is complex and involves several discrete steps such 
as extracellular matrix degradation, proliferation and mi-
gration of endothelial cells, and morphological differen-
tiation of endothelial cells to form tubes. Many growth 
factors and hormones have been shown to regulate cell 
proliferation, migration and angiogenesis, including 
Ang1,Ang2,Tie-2,and etc[8,9]. 
 
As we known the receptor tyrosine kinase Tie2 is essen-
tial for vascular development and maintenance and inter-
acts with a family of ligands known as the angiopoietins. 
Signaling through Tie2 is tightly controlled. The angio-
poietin family contains members with full agonist activ-
ity, the best characterized of which is Ang1, as well as, 
unusually, members with low or partial activity, notably 
Ang2 [10,11]. This partial agonist activity of Ang2 allows 
the ligand to act as an apparent antagonist to Ang1, by 
competing with Ang1 for Tie2 binding and thereby re-
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placing the full agonist activity of Ang1 with the much 
lower activity of Ang2 [10,11].  
 
The angiopoietin/Tie system plays critical roles in embry-
onic vascular development and maintenance of normal 
adult vasculature. [12,13,14] Previous study demonstrate 
that over expression of Ang1 in mice can increase vascu-
larization in the skin, and activation of angiopoietin/Tie2 
signaling pathway can lead to excessive angiogenesis. 
[15,16.]. Defects in Tie2 are known to affect vascular de-
velopment in humans. An activating mutation in the intra-
cellular kinase domain of human Tie2 gene has been im-
plicated in one form of inherited cutaneo-mucosal venous 
malformations, demonstrating the critical function of Tie2 
in proper vascular development. [17] Whether the angio-
poietin/Tie system is involved in the process which Fgl2 
control cell proliferation and migration is still unknown. 
This study has identified the Fgl2 as molecular regulators 
associated with the pathogenesis of cell migration and 
proliferation,which is involved in angiogenesis. The de-
creased Fgl2 mRNA levels result in increased Tie2, 
Ang1, and Ang2 gene expression in myocardical mi-
crovascular endothelial cell may contribute to the abnor-
mal growth and remodeling of vasculatures in ischemia 
heart diseases.The possible mechanism may be that the 
angiopoietin/Tie system activation is involved in the 
process. 
 
In summary, Targeting Fgl2 gene may prove to be effec-
tive anti-angiogenic or angiogenic therapy for preventing 
ischemia heart diseases. The preliminary data need to be 
well discussed and further study surely continued. Further 
study of Fgl2 will provide clues for better understanding 
its function and may help uncover novel therapeutic 
strategies for treating ischemia heart diseases. 
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