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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 stepsin 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 levelsresult in increased Tie2, Angl, 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

Cell proliferation and migration are the major egeaf
Fibrinogen-like protein 2 (Fgl2)/fioroleukin hascemtly — angiogenesis[5]@nd angiopoietin/Tie system plays im-
been identified as a new member of fibrinogen-eglat portant role in cell proliferation and migratiorhdrefore,
protein superfamily, with the serine protease #gtithe  We propose that Fgl2 may be involved in cell pesttion
biological activity of Fgl2 prothrombinase, similar co- ~and migration. Up to now,we have not any informatio
agulating factor Xa, can directly catalyze prothpimase about it,we did not know the effect of Fgl2 on fevh-
into activated thrombinase, thereby, initiating as@ade tion and migration of Myocardial Microvascular Eide-
coagulating reaction]1Several studies indicate that Fgl2 lial Cells (MMVECSs) and the mechanism involved.
is involved in pathological changes such as immcme
agulation, fibrin deposition, and micro-thrombys[tn  In the present study, we constructed a lentivifdlARN-
addition to its primary role in homeostasis andobl@o- terferenced vector of human fibrinogen-like protein
agulation, thrombin is a potent mitogen that dracadly ~ 2(hFgl2) gene. Myocardial Microvascular Endothelial
increases the growth and metastasis potential mbtu Cells (MMVECs) were transfected by lentiviral vecim
cells. Fgl2 functions as a novel immune coagulaith w investigate how Fgl2 gene silence affects the femaition
the ability to generate thrombin directly,and mayib- and migration of MMVECs and whether angiopoietie/Ti
volved in angiogenesis3 system activation involved or not.
We have verified that angiogenesis may be benéfitia
the treatment of ischemia heart diseadesft we Materialsand Methods
known,target thrombus and angiogenesis are vepc-eff
tive strategy to treat ischemia heart diseasegtdis a This study is an experimental study and has been ap
potential target on both angiogenesis and thrombus. proved by the the first afficiated Hospital of Naang
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University Research and Ethical Committee. The ystudTiters of the virus stocks were routinelyl®ansduc-
duration is from 12 september 2009 to 30 May 2@ht, tion units (TU) mT™.
proximately 20 months.

Real-time RT-PCR
Materials Real-time reverse transcription-polymerase chaactien
Culture medium, fetal calf serum (FCS), glutamimel a (PCR) was used to quantiy mRNA expression.Fgl2
antibiotics were from Hyclone Company (USA); EC RNAI or GFP virus infected Myocardical Microvasaula
growth supplement, gelatin, trypsin, amphotericirai®dl  Endothelial Cell were harvest at 96 hr after infact To-
hydrocortisone were from Sigma (Germany); RNA-tal RNA was extracted from the infected cell sarspls-
tocDNA Kit, Avidin Biotin Complex were purchased ing Trizol reagent Kit according to the manufactlgre
from Nanjing JianChen bioengineering institute. -Dul protocol. Viral mRNA copies were measured by SYBR
becco’s modified Eagle’s medium (DMEM) was pur-green Mx3000 Real-Time PCR System
chased from Gibco, USA. Trizol reagent was purcthase(Stratagene,USA),using primers Fgl2-Forwafd:5
from Invitrogen Ltd (USA); Mouse murine leukemia vi AGTCGCTCCAACTGGTA  AAT-3,Fgl2-Reverse’s
rus reverse transcriptase was purchased from PeomegCTGTAGGTCCCACTGCTTC-3Ang-1-Forward: 5
(USA). pGCSIL-Fgl2 pGC-LV, pHelper 1.Q pHelper 11T TGTGCTGGGTCTGGT-3Ang-1-Reverse:s
CTTGATGCTGCCCTTGTT-3Ang-2-Forward:5
GCGACCCCTTCAACTCTTG-3Ang-2-Reverse’s
GTATCTGGCATCCCGACC-3Tie-2-Forward:5
GCGACCCCTTCAACTCTTG-3Tie-2-Reverse’s
TGACCCAGATGTTTGAGACCTT-3,3-actin-
q:orward:5TGACCCAGATGTTTGAGACCTT-3, B-

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) réts

e o oy ACUReverse: CGGAGTCCATCACAATGCCAGT-
y 3. The reactions were performed at 95°C 10 mins, 40

cut into pieces. A homogenate of ventricles was susC A . 5 ) R ;
. . . ycles of 95°C 1 min, 60°C 1 min, 72°C 1 min, feled
pen_ded _and flltereq by sequential 300 and 60%’“ mi- by melting curve analysis according to instrumemtid
crofiltration. The filtered cells were cultured oulture mentation. All reactions were done in triplicatesd ahe
flasks (75 crf) at 37 °C in a humidified atmosphere with results we.re normalized Ifyaction
5% CGQ in endothelial cell growth medium (ECGM), as '
supplied by the manufacturer, supplemented with 19,
ng/mL human recombinant epidermal growth factor, JT
ug/mL hydrocortisone, 5@g/mL gentamicin, 5Qug/mL
amphotericin B, 12.g bovine brain extract and 2% v/v
fetal calf serum (FCS) for three days and usedssages
3-6.

roliferation assay

o investigate the effects of Fgl2 RNAi on myocaddli
microvascular endothelial cell proliferation, myodiaal
microvascular endothelial cell were infected witglZ
RNAI,, or GFP virus in 6-well plates in triplicatand 5
days later the cells were trypsinized and seed®é-well
plates in triplicate(1x104 cells/well). After attament,
the cells were exposed to DMEM with 0.5% FBS for48
and then the effects of Fgl2 RNAi on myocardicat mi
crovascular endothelial cell proliferation were leated
Psing the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphetstra-
zolium bromide (MTT) colorimetric assay. Briefly,em
dium was removed and replaced with medium contginin
5 mg/ml MTT and incubated for 4 h. The mediumwas
then aspirated, and the product was solubilizedh it
methyl sulfoxide (DMSO). Absorbance was measured at
570 nm for each well using a microplate reader @ting

to the manufacturer’s protocol.

RNAi Design and Preparation and transfection of
SIRNAs

Fgl2 RNAIi or GFP virus were provided by Jikai Com-
pany. Briefly,the nucleotide sequences of
hFgl2(NM_006682) were found in the GeneBank.Tatge
sequence of Fgl2 gene (Forward:5
CCGGCACGTCCAGTTCAACATCTAATTCAAGA-
GATT AGATGTTGAACTGGACGTGTTTTTG-
3',Reverse:5
AATTCAAAAACACGTCCAGTTCAACATCTAATC-
TCTTGAATTAGATGTTGAACTGGACGTG-3.) could
be effectively scilenced with RNA interference weom-
firmed.The cDNA containing both sense and antisens

Oligo DNA fragements of target sequences were desig Cell migration assay was performed using boyden-tra

and cloned into the pGCSIL-GFP vector which was di- . . 0
gested by Agel/EcoRI.The obtained lentiviral veaton- swell chambers.Briefly, 20Q DMEM containing 10%

taining Fal2shRNA was confirmed by digestion and SeFBS was added to the bottom well. Cells were resus-
99 ) s y dig pended in the appropriate buffer at a concentratibn
guencing. Using lentiviral vector pHelper

5x10 cells/ ml and 50Qul cell suspension was added to
1.0, pHelper2.0 pGC-LVFgl2 to transfect 293T the top well of transwell chambers.Between the dott
cells,then the lentivirus were collected.The tivérvirus  well and the top well, there was the filter (poiees 8
was tested according to the expression level of .GFRm). After incubation at 37C in 5% CO2 condition, the

Biomedical Research 2012 Volume 23 Issue 1

f%/ligration assay



Fibrinogen-like protein 2 Gene silencing activategiopoietin.....

cells that had not migrated were removed from figen  assay. Myocardical microvascular endothelial cell i
surface of the filters using cotton swabs, anddahitmt fected with Fgl2 RNAI resulted in decreased expoess
migrated to the lower surface of the filters wased in  of Fgl2 mRNA and significantly increase myocardical
methanol and stained with 0.1% crystal violet. Miggn  microvascular endothelial cell proliferation comgérto
was determined by counting the cell number withia m the control and group infected with GFP virus (Fig.
croscope at 400x. Five visual fields were chosem ra 2).The effects were significant at 2,3,4 days,deddffect
domly for each assay. The average number of theatrig reach the maximum at day 4, which suggested thizt Fg
ing cells in five fields was taken as the cell migsgn  RNAIi can promotes cell proliferation.

number of the group. The assays were repeated three
times. Data are presented as relative migratiomfrau of

. - 018 —s— Control #
cells/high power field) and represent meantstandard 016 |  _—= CFP
ror. 0.14 ~ fgl2shRIN A #+
012 -
L. 0.1
Statistics 0.0= "
Values presented are the mean+S.E.M. Comparisons be ©.06 r
tween two groups were performed using Studentst-t g:g‘z‘ i
three or more groups were compared by analysigaef v o "
ance followed by the Newman—Keuls test. P valuss le 1 2 3 a
than 0.05 were considered significant. Ty
Results Figure 2. Fgl2 gene silencing promotes proliferation of
myocardical microvascular endothelial cel.MTT aysb
Fgl2 RNAI decreases the expression of Fgl2 mRNA results showed that infection with Fgl2 shRNA vires

To observe the expression of Fgl2 mRNA after mydiear sulted in increased proliferation of myocardical -mi
cal microvascular endothelial cell infected with|Fg crovascular endothelial cell at day 2,3,4.Each eipent
RNAI or GFP virus,qPCR was used to determine the exvas performed at least in triplicaté. p<0.05 vs. control
pression of Fgl2 mRNA expression.The results showednd GFP group (n=3).

that myocardical microvascular endothelial cellestéd
with Fgl2 RNAI resulted in decreased expressiofrgi2
MRNA compared to control and group infected withPGF
virus (as a control for transfection efficiency)gFL).
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Figure 1. Fgl2 gene expression after Fgl2 shRNA virus
transfection. Fgl2 mRNA expression decreased s&ignifFigure 3. Fgl2 gene silencing promotes migration of
cantly. Gene expression was assessed by RT-gPA&. Danyocardical microvascular endothelial cell. Thgufe
were analyzed by the 24C(t) method withs-actin as a  shows that infection with Fgl2 shRNA virus resulted

4 - _ Y - _ increased numbers of migrated myocardical microuasc
control gene?*Cla =|(Cta - Clysin) - (CIC - Clyacun). lar endothelial cell through the membrane filteEach
experiment was performed at least in triplicdtep<0.05
vs. control and GFP group (n=3).

Error bar represents SD between duplicafep<0.05 vs.
control and GFP group (n=3).

MTT analysis
In order to determine the proliferative effectsngsMTT
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Figure 4.Fgl2 gene silencing increases the expression o
Angl mRNA.Gene expression was assessed by RT-qP

Data were analyzed by the 24C(t) method withg-actin
as a control geneaCty =[(Cta - Clgacin) - (Ctc - Cts.

actin)- Efrror bar represents SD between duplicatés.
p<0.05 vs. control and GFP group (n=3).
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Migration analysis

We determined the migration effects of Fgl2 RN/Ains-
fection using boyden chamber assay. In transwsitiéo
chamber assay,Infection with Fgl2 RNAI, stimulated
myocardical microvascular endothelial cell migratio
(Fig. 3). These data suggest that Fgl2 play impbraies

in regulating migration of myocardical microvascudsn-
dothelial cell.

gPCR analysisof Angl, Ang2, Tie-2

As we all known Angl Ang2, Tie-2 play important

es in angiopoietin/Tie system ,so we explorei@ng-
M/Tie system activation in the process, so wseole

the expression of AnglAng2, Tie-2 mRNA after Fgl2
RNAI transfection.The results showed that Fgl2 RNAI

increase the expression of AngAng2, Tie-2
MRNA(Fig. 4.5.6).

Disscusion

In the present study, we investigated the exprassio
hFgl2 mRNA after Fgl2 RNAI transfection in myocardi
cal microvascular endothelial cell,we found thatl2Fg
MRNA expression decreased significantly after Fgl2
RNAI transfection. In addition,the proliferation cami-
gration of myocardical microvascular endothelidl o
creased significantly at the same time.The reshitsved
that Fgl2 is a target to regulate cell proliferatand mi-
gration,which indicated that Fgl2 is involved ingam

Figure 5. Fgl2 gene silencing increases the expression ojenesis.
Ang2 mRNA.Gene expression was assessed by RT-qPCR.

Data were analyzed by the 24C(t) method withg-actin
as a control geneaCty =[(Cta - Clgacin) - (Ctc - Cts.

actin)- Error bar represents SD between duplicatés.
p<0.05 vs. control and GFP group (n=3).
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Endothelial cell proliferation and migration playitical
roles in angiogenesis [7]. Angiogenesis is the fdfom
of new blood vessels from pre-existing vesselshysip-
logical or pathological neo-vascularization processe-
sponse to tissue ischemia and tumor growth or reesias
which is complex and involves several discretesstpch
as extracellular matrix degradation, proliferateomd mi-
gration of endothelial cells, and morphologicalfefi€n-
tiation of endothelial cells to form tubes. Manyogth
factors and hormones have been shown to reguldite ce
proliferation, migration and angiogenesis, includin
Angl,Ang2,Tie-2,and etc[8,9].

As we known the receptor tyrosine kinase Tie2 seBs
tial for vascular development and maintenance atet-i
acts with a family of ligands known as the angietios.

Figure 6. Fgl2 gene silencing increases the expression opignaling through Tie2 is tightly controlled. Thago-
Tie2 mRNA.Gene expression was assessed by RT-gP@Rietin family contains members with full agonistia-

Data were analyzed by the 24C(t) method witlp-actin
as a control gene,2Cty =[(Cta - Clgacin) - (Ctc - Cts.
actin)- Error bar represents SD between duplicatés.
p<0.05 vs. control and GFP group (n=3).

ity, the best characterized of which is Angl, adl as,
unusually, members with low or partial activity,talbly
Ang2 [10,11]. This partial agonist activity of Angllows
the ligand to act as an apparent antagonist to Abhgl
competing with Angl for Tie2 binding and thereby re
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placing the full agonist activity of Angl with theuch
lower activity of Ang2 [10,11]

The angiopoietin/Tie system plays critical roleembry-

onic vascular development and maintenance of normét
adult vasculature. [12,13,14] Previous study dertnates
that over expression of Angl in mice can increaseu-
larization in the skin, and activation of angiopmi&ie2
signaling pathway can lead to excessive angioge.nesi5'
[15,16.]. Defects in Tie2 are known to affect vdacule-
velopment in humans. An activating mutation in itirtea-
cellular kinase domain of human Tie2 gene has lr@en
plicated in one form of inherited cutaneo-mucosaious
malformations, demonstrating the critical functmfTie2

in proper vascular developmefi7] Whether the angio-
poietin/Tie system is involved in the process whikdi2 7.
control cell proliferation and migration is stilhkinown.

This study has identified the Fgl2 as moleculautaigrs
associated with the pathogenesis of cell migrabod
proliferation,which is involved in angiogenesis.eTte- 8.
creased Fgl2 mRNA levels result in increased Tie2,
Angl, and Ang2 gene expression in myocardical mi-
crovascular endothelial cell may contribute to #taor-

mal growth and remodeling of vasculatures in isdaem
heart diseases.The possible mechanism may behdbat t
angiopoietin/Tie system activation is involved ihet 9.
process.

In summary, Targeting Fgl2 gene may prove to beceff
tive anti-angiogenic or angiogenic therapy for ming
ischemia heart diseases. The preliminary data teéd
well discussed and further study surely contindreotther
study of Fgl2 will provide clues for better undarsting
its function and may help uncover novel therapeutic

strategies for treating ischemia heart diseases. 11.
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