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Abstract: Accumulating evidences suggest that homocysteine, a non-protein amino acid, is involved in vessel remod-
eling and blood flow at elevated level, although the exact mechanism is unclear. Here we hypothesized that homocys-
teine affects vein in such a way that vein develops arterial phenotype. We tested our hypothesis employing wild type
(WT, C57BL/6J) and CBS+/- (cystathionine B-synthase heterozygote, a genetic model of hyperhomocysteinemia) sup-
plemented with or without folic acid (FA, a homocysteine lowering agent). Vena cava blood flow was measured by
ultrasound transonic flow probe. Tissue collagen and elastin were detected by histochemistry. Super oxide was de-
tected by dihydroethidium (DHE) staining. Expressions of MMP-2, -9, -12, TIMP -2,- 4, were measured by Western blot.
MMP-13, TIMP-1, -3, and vein and aortic markers, EphB4 and EphrinB2, respectively were measured by RT-PCR. The
results indicated relatively low blood flow and significant increase of collagen/elastin ratio in the CBS+/- mice com-
pared to WT. Although FA treatment did not alter blood flow in CBS+/- mice, the collagen/elastin ratio was normal-
ized. A relatively increased content of super oxide and gelatinase activity was observed in CBS+/- vena cava vs WT
and normalized by FA treatment. Western blot analyses showed significant increase in MMP-9,-12 and decrease in
TIMP-2, -4 expressions. Expressions of MMP-13, TIMP-1 and -3, Ephrin B2 were increased, whereas EphB4 was de-
creased with reverse change in FA treatment, with no change in MMP-13 and TIMP-1. We conclude that chronic HHcy

causes vascular remodeling that expresses arterial phenotype in vein.
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Introduction

Evidences from in vitro and in vivo studies es-
tablished that hyperhomocysteinemia, an ele-
vated homocysteine level, is associated with
vascular remodeling [1-3] and dysfunction [4-5].
Although the exact mechanism of homocysteine
-induced vascular dysfunction is not clear and
may be complex, one of the well documented
mechanisms is oxidative stress [6]. Among the
sources of oxidative radicals, NADPH oxidase
plays a major role in hyperhomocysteinemia
and causes changes in vascular phenotype in-
cluding endothelial dysfunction [7], smooth
muscle proliferation [8], and accumulation of
collagen in the extracellular matrix (ECM) [9]
leading to remodeling of the vessels [10].

Remodeling is a process of degradation and / or
accumulation of matrix protein including colla-
gen and elastin [11]. This is an active mecha-

nism by which vessels are formed, maintain
their integrity and repair in the event of injury
[12]. While this mechanism is a part of normal
physiological process in the healthy vessels,
dysregulated remodeling causes vascular dis-
eases, such as atherosclerosis and stroke [13].

Remodeling of the vessels is largely regulated
by a family of calcium-dependent and zinc con-
taining endopeptidases known as matrix metal-
loproteinases (MMPs) [14]. The MMPs are se-
creted in an inactive (latent) form called a zymo-
gen or a pro-MMP [15]. These pro-MMPs require
an activation step before they are able to cleave
extracellular matrix component [14]. Reactive
oxygen species (ROS) are a group of oxidative
radicals which activates MMPs and initiates
degradation of matrix protein in varieties of
pathological conditions including arthritis, can-
cer and vascular diseases [16-18]. Of particular
interests MMP-2 and -9 are activated by ROS
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and reported to become involved in atheroscle-
rotic vascular diseases associated with homo-
cysteine-mediated generation of oxidative stress
[9, 19].

Endogenously, these MMPs are primarily regu-
lated by a class of inhibitory enzymes named
tissue inhibitor of matrix metalloproteinase
(TIMPs) [20]. TIMPs may be secreted by the
cells or they may be associated with membrane
bound MMPs [17]. The integrity of vessels is
largely dependent on the balance between
MMPs and TIMPs [15]. Dysregulated MMP/TIMP
balance leads to degradation of matrix protein
and is a characteristic of diverse pathological
conditions including vascular hypertrophy and
dysfunction [21-22].

Although MMPs are involved in tissue remodel-
ing and cell migration, other intrinsic factors,
such as Ephrin B2 and EphB4 are well known
for their role in remodeling of vessels and
proper vascular development [23-30]. While the
roles of homocysteine in regulation of MMPs,
particularly MMP-2 and -9 in vascular remodel-
ing are well documented, the role of homocys-
teine in regulation of Ephrin B2 and Eph4 in
mature vessels is not studied. We have previ-
ously reported that blood flow interplays with
elastin/collagen and MMP/TIMP ratios to main-
tain normal vascular structure and function
[31]. In this study we report that in addition to
altered blood flow and MMP/TIMP imbalance,
homocysteine induces arterial phenotype in
vena cava as evidenced by EphB4 upregulation
during remodeling process.

Materials and methods
Animal model

C57BL/6]J (wild type, WT) and CBS+/- mice of
C57 background of ages 14-18 weeks were
used for this study. Mice were obtained from
Jackson Laboratories Inc, Maine, USA, and
housed in the animal care facility of the Univer-
sity of Louisville. CBS+/- and WT mice were di-
vided into four groups and supplemented with
or without folic acid (FA, 0.03 g / L) in the water
for a period of 45 days. The groups were: 1) WT,
2) WT +FA, 3) CBS+/-, 4) CBS+/- + FA. The mice
were fed with regular rodent chow and water
supplied ad libitum. At the end of the experi-
ments, animals were deeply anesthetized with
Tribromoethanol (TBE, 240 mg/Kg body weight)
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and sacrificed to harvest the inferior vena cava
(VC). All animal procedures were in accordance
with the National Institutes of Health guidelines
for animal research and were approved by the
Institutional Animal Care and Use Committee
(IACUC # 09083) of the University of Louisville.

Blood flow measurement

The blood flow measurement was taken in
anesthetized condition (TBE, 240 mg/kg b.w.).
Abdomen was surgically opened, and a small
window was made below the kidney, to isolate
the vena cava. A transit time perivascular flow
meter (Transonic System Inc, Ithaca, NY),
equipped with transonic flow probe 0.5PSB630
was used to measure blood flow in the vena
cava. The equipment was calibrated using a
standard flow meter in ml/min. The waveform of
the blood flow was recorded using DMSI-100
software.

Tissue sectioning and staining

The vena cava was isolated from each experi-
mental groups of animal at the end of experi-
ments. The tissues were cleaned off with phos-
phate-buffered saline (PBS) containing 20 unit/
ml heparin. Heparin was used to remove blood
clot. The tissues were then cut into approxi-
mately 2 mm pieces, placed vertically in tissue
freezing media (Triangle Biomedical Sciences,
Inc., Durham, NC)] and were frozen in liquid
nitrogen. Frozen blocks with the molds were
placed in a —70°C freezer until serial sections
were made. Cryosections (Leica CM1850) of 7
pm thickness were put on glass slides and
stained with one of the following staining kits
according to the supplied protocol: Masson
Trichrome, van Gieson’s or Hematoxylin and
Eosin (Richard Allen Scientific, Kalamazoo, Ml).

Measurement of elastin and collagen

Cryosections of vena cava were stained with
Masson Trichrome, van Gieson or Hematoxylin
Eosin and mounted. Slides were observed un-
der light microscope and images were taken
with an attached digital camera. To measure
intensity of collagen and elastin staining in the
vena cava sections, Un-Scanlt software was
used to scan the images and densitometric data
were collected. From the scanned densitometric
data, elastin : collagen ratio was calculated.
Medial thickness was measured in the hema-

Int J Physiol Pathophysiol Pharmacol 2011;3(4):266-279



Homocysteine and venus remodeling

toxylin eosin-stained vessels.
Detection of ROS

The oxidative fluorescent dye, dihydroethidium
(DHE; Invitrogen, Carlsbad, CA) was used in fro-
zen, 7 ym vena cava sections (40 umol, 30
mins), and the fluorescence intensity was meas-
ured by the laser scanning confocal microscopy
(Fluo View 1000, Olympus). Negative control
sections were incubated for 25 min with 250 U/
ml polyethylene glycol-superoxide dismutase
(PEG-SOD; Sigma-Aldrich), before incubation
with DHE. Fluorescent images were analyzed
with ImagePro software (Media Cybernetics,
Bethesda, MD).

Antibodies and reagents

MMP-2 antibody was obtained from Novas
Biologicals, Littleton, CO. MMP-9 anti-body was
purchased from Abcam Antibodies, Cambridge,
MA, andTIMP-2 and TIMP-4 was obtained from
Chemicon International, Tamecula, CA. MMP-12
and HRP conjugated secondary antibodies were
bought from Santa Cruz Biotechnology, Santa
Cruz, CA. All other reagents were used from
commercially available highest grade.

Western blotting

Protein from isolated and finely copped vena
cava was extracted using RIPA lysis buffer
(Thermo Scientific Inc., Rockford, IL), containing
protease inhibitors and PMSF. Protein content
in the extracted samples was estimated by BCA
assay, and 30 g of total protein was loaded in
each well of SDS-PAGE gels. Protein separated
by electrophoresis, transferred to PVDF mem-
brane and incubated with primary antibody fol-
lowed by secondary HRP conjugated antibody.
An ECL plus Western blotting detection reagent
(GE Health Care, Little Chalfont, Buckingham-
shire) was used to detect the protein of inter-
ests. For loading control, the membranes were
stripped with  membrane-stripping  buffer
(Boston BioProducts, Worcester, MA) and
reprobed with GAPDH (Chemicon International).
Intensity of bands was detected by Gel -Doc
software, and was normalized with their corre-
sponding GAPDH control.

In situ MMP activity

Seven um frozen sections were incubated with
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40 umol DQ gelatin (Invitrogen) for 2 hours and
the fluorescence was measured by the laser
scanning confocal microscopy without washing.
Fluorescent images were analyzed with Im-
agePro software.

Isolation of RNA and RT-PCR

Total RNA was isolated from the tissues by us-
ing Trizol reagent (Invitrogen) following manu-
facturer’s instructions. Complementary total
DNA was made by incubation of RNA with oligo
dT at 70°C for 6 min. The RT cycle was 25°C
for 2 min, 42°C for 50 min, 75°C for 5 min and
4°C forever as described previously [32]. All the
primers were bought from Invitrogen and the
primer sequences are shown in Table 1.

Table 1. Sequences of primers

TIMP-1 Sense, 5’-TCATCGGGCCCCAAGGGATCT
Antisense, 5’-GCAGTGAAGAGTTTCTCATC
TIMP-3 Sense, 5’-GCCCTCCCATATGTATACCC
Antisense, 5-TAGGCCTCACCTCAAGTCTG
MMP-13 Forward, 5-AGGCCTTCAGAAAAGCCTTC
Reverse, 5’-CCCACCATAGTTTGGTCCAG
EphrinB2 Sense, 5’ TCCAGGAGGGACTCTGTGTGGAAG
Antisense,5’-CGGGGTATTCTCCTTCTTAATTGT
EphB4 Sense 5’-CCCAAATAGGAGACGAGTCC
Antisense, 5’-CGGGGTATTCTCCTTCTTAATTGT
GAPDH Sense, 5-ATGGGAAGCTGGTCATCAAC

Antisense, 5-TGTGAGGGAGATGCTCAGTG

Vascular reactivity study

The vena cava was isolated from the animal
and placed in ice cold physiological salt solution
(PSS). The recipe of PSS solution was (in mM),
NaCl 118, KCI 4.7, CaCl> 2.5, KH2 POs 1.2,
MgS04 1.2, NaHCOs 12.5 and glucose 11.1, pH
7.4). The vessels were cut into 2.5-3 mm rings,
fat and connective tissues were removed, and
mounted with two tungsten wires. Wires were
attached to the myobath and placed in a 25 ml
organ bath filled with PSS at 37°C. The PSS in
the myobath was constantly aerated with 20%
02, 5% CO2, and 75% N2. Rings were stretched
gradually to obtain an optimal resting tension of
0.1 g, and equilibrated for an hour. After equili-
bration dose (10° to 10% M) dependent re-
sponse of phenylephrine (Phe) was detected.
Acetylcholine (Ach) was added to the organ bath
in the same manner as Phe to detect endothe-
lial dependent response. Similarly, after wash-
ing with PSS, tissues were treated with sodium
nitropruside (SNP) after a brief treatment of Phe
(105 M) to measure endothelial-independent
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Blood flow in Vena Cava
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Figure 1. Blood flow in the vena cava. Blood flow was
measured by Transonic perivascular flow meter. Data
represent mean £ SD, n=7.

response. The tissue responses as detected by
Biopac System, Inc were recorded graphically
using MP100 software loaded into a computer.

Statistical analysis
Each experiment was carried out using 4-6
specimens in each group. Paired T-Test was

used to determine significance between
groups; p < 0.05 was considered significant.

(A)

WT

CBS+/- +FA

Values were taken as means + standard devia-
tion of measurement (SD).

Results
Blood flow and medial thickness

Blood flow (ml/min) in the vena cava of WT and
WT + FA was similar (Figure 1). In the WT it was
0.22 + 0.02 ml/ min and WT + FA was 0.23 +
0.03 ml/min. Although in CBS+/- vena cava
blood flow showed a tendency to decrease
(0.19 + 0.02 ml/min), the difference was not
significant compared to WT. FA very slightly de-
creased the flow in CBS+/- (0.18 + 0.02 ml/
min) mice compared to CBs+/- alone (Figure 1).
Again, no significant deference was observed.

Medial thickness of vena cava in WT was 2.1 X
102 + 0.02 ym and in CBS +/- was 2 X 102 +
0.02 uym. However, the difference was not sig-
nificant. Similarly, although FA treatment slightly
increased medial thickness in CBS+/- vena cava
(2.1 X 102+ 0.05 pm) compared to CBS+/-, the
difference was not statistically significant
(Figure 2).

H & E staining of vena cava

CBS+/-

(B)

et
0

N

b=
@

e
«n

o
[

Medial thickness, um x1072
-

WT CBS+/- CBS+/-+FA

Figure 2. H&E staining of the vena cava. (A) The H&E staining is showing gross morphological structure. The images
were taken in 6.4X magnification and the inset images were taken in 32X magnification to show the details of the
structures. (B) The bar graph shows medial thickness. Data represent mean + SD, n = 5.
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Figure 3. van Gieson staining of the vena cava. (A) The van Gieson staining of the vena cava is showing elastin con-
tent in the tissues. The images were taken in 6.4X magnification and the inset images were taken in 32X magnifica-
tion to show details of the structures. (B) The bar graph represents relative elastin content among the groups. Data

represent mean £ SD, n = 6.

Folic acid mitigated increased collagen/elastin
ratio in CBS+/- vena cava

The elastin content of WT mice vena cava was
88.7+ 8 A.U. (Figure 3). In CBS+/- mice treated
without or with FA elastin content were 84.2 + 4
A.U. and 86.3 + 3 A.U., respectively. No signifi-
cant changes of the elastin content were ob-
served between the groups (Figure 3). Collagen
content in the vena cava of WT was 72 + 5
A.U.), and it was slightly increased in CBS+/- (80
+ 8 A.U.) group (Figure 4). This increase was
mitigated in CBS+/- mice treated with FA (70 %
5 A.U.). Collagen/ elastin ratio in the vena cava
of WT was 0.81 + 0.2 A.U. This ratio was signifi-
cantly increased in CBS +/- mice (0.95 + 0.4
A.U). Interestingly, FA treatment attenuated the
increased collagen/elastin ratio in CBS+/- mice
(0.81+ 0.3 A.U.) (Figure 5).

Super oxide production

The intensity of dihydroethidium staining as an
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indicator of ROS, particularly super oxide in
CBS+/- vena cava was slightly increased, al-
though it was not significant compared to WT
(Figure 6). The ROS intensity in the vena cava of
three groups were 0.8 £ 0.1 A.U. in WT, 0.9 £
0.16 A.U. in CBS +/- and 0.89 + 0.6 A.U. in FA
treated CBS+/- mice (Figure 6). FA mitigated
this increase of superoxide production in CBS+/
- vena cava (Figure 6).

Expression of MMP/TIMP and vena cava remod-
eling in CBS+/- mice

The expression of MMP-2 in the vena cava did
not change significantly among the groups
(Figure 7). However, MMP-9 and -12 signifi-
cantly increased in CBS+/- vena cava (Figure 7).
Although FA treatment attenuated MMP-12 ex-
pression in CBS+/- vena cava, the increased
expression of MMP-9 remained unchanged in
CBS+/- vena cava after FA treatment (Figure 7).
Both TIMP-2 and -4 expressions showed signifi-
cant decrease in CBS+/- vena cava, compared

Int J Physiol Pathophysiol Pharmacol 2011;3(4):266-279
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Masson Trichrome staining of vena cava
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Figure 4. Masson-trichrome staining of the vena cava. (A) Masson-trichrome staining of the vena cava is showing
collagen content in the tissue. The images were taken in 6.4X magnification and the inset images were taken in 32X
maghnification to show details of the structures. (B) The bar graph represents relative collagen content among the

groups. Data represent mean + SD, n = 6.

(B) Collagen/ elastin ratio in vena cava
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Figure 5. Collagen/elastin ratio in the vena cava. Bar
graphs indicate collagen/elastin ratio among the
groups. Data represent mean * SD, n = 5; *indicates
p < 0.05 vs WT and t indicates p<0.05 vs CBS+/-.
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to WT, and FA ameliorated expression of these
two TIMPs in CBS+/- mice (Figure 7).

Vascular MMP activity

The MMP activity level as measured by in situ
zymography, showed increased tendency in CBS
+/- vena cava compared to WT (Figure 8); how-
ever, it was not significant. FA treatment nor-
malized the activity of MMP (Figure 8).

MMP/TIMP mRNA and aorta marker in CBS+/-
vena cava

TIMP-3 and mMMP-13 RNA expression showed
significant increase in the CBS+/- mice com-
pared to WT vena cava (Figure 9), whereas TIMP
-1 expression did not change significantly
(Figures 9). Treatment with FA mitigated TIMP-3
expressions in CBS+/- mice, whereas MMP-13
remained unchanged in vena cava (Figure 9).

The expression of aorta marker EphrinB2 signifi-

Int J Physiol Pathophysiol Pharmacol 2011;3(4):266-279
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DHE staining of vena cava
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Figure 6: DHE staining of the vena cava. (A) The ROS content in the vena cava tissue were detected by dihydro-
ethidium (DHE) staining. (B) The bar graph is showing relative intensity of fluorescence activities among the groups.

Data represent mean + SD, n = 5.

cantly increased in CBS+/- vena cava, whereas
the expression of vena cava marker EphB4
showed significant decrease (Figure 9). FA treat-
ment reversed the expressions of EphrinB2 and
EphB4 in CBS+/- vena cava (Figure 9).

Vascular reactivity in CBS+/- vena cava

The dose-dependent vasoconstriction by Phe
(phenylephrine) showed similar response in
vena cava among the groups as shown in the
figure 10. However, CBS+/- vena cava showed a
slightly increased, although not significant, con-
traction at the highest dose of Phe (10° M)
compared to WT (Figures 10). The dose re-
sponse of Ach (acetylcholine) showed significant
decreased relaxation in CBS+/- vena cava com-
pared to WT. This decreased relaxation was not
ameliorated by FA treatment (Figures 10). Tis-
sue relaxation in response to SNP was greater
in CBS+/- vena cava compared to WT (Figure
10). FA treatment normalized vascular relaxa-
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tion in CBS+/- vena cava (Figure 10).
Discussion

Remodeling of vascular bed in pathophysiologi-
cal hyperhomocysteinemia (HHcy) conditions
have been well documented by various inde-
pendent laboratories, including our own, in hu-
man as well as in vivo animal and in vitro cell
culture models [6-7, 33-36]. To our knowledge
none of these studies were done to investigate
whether there is any shift of arterial phenotype
in vena cava or vice versa during HHcy. We have
previously reported that HHcy causes expres-
sion of venous phenotype in artery. Whether or
not a reverse expression i.e. expression of arte-
rial phenotype in vein during chronic HHcy oc-
curs is unknown. Here we report that vena cava
develops arterial phenotype in HHcy. This is a
part of adaptive mechanism where vena cava
accommodates with changing physiochemical
environment in HHcy.

Int J Physiol Pathophysiol Pharmacol 2011;3(4):266-279
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MMP and TIMP expression in vena cava
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Figure 7. Western blot analyses of MMPs and TIMPs in the vena cava. (A) Tissue protein from the vena cava was ex-
tracted and analyzed for protein expression as shown in the figure. (B) Bar graph is showing relative expression of
protein among groups. Data represents mean + SD, n = 6. The *indicates p<0.01 vs WT and tindicates p<0.05 vs

CBS+/-.

Homocysteine (Hcy) is formed during the me-
tabolism of methionine and can be disposed out
of the body by remethylation or transsulfuration
pathway [37]. In transsulfuration pathway the
CBS enzyme breaks down the Hcy to cysteine
[37]. Individuals deficient of homozygous CBS
(CBS-/-) develop severe HHcy and experience
major clinical manifestations of premature vas-
cular death, if untreated; whereas, CBS+/- indi-
viduals apparently live normal with cardiovascu-
lar abnormalities [38-39]. To mimic human dis-
ease processes we used CBS+/- mice, a well
established model of HHcy, for our study be-
cause these animals live normal with vascular
dysfunction due to moderate HHcy. Folic acid
(FA) treatment was given to these mice to mini-
mize the effect of Hcy, as the FA is an essential
factor in remethylation pathway. Previously we
reported that FA lowered Hcy level in CBS+/-
animals (21 ymole/L in CBS+/- vs 12 ymole/L
in CBS+/- + FA) [40]. Independent study have

also documented that FA reduced Hcy level in
patients of HHcy [41-43]. In accordance with
these previous studies, in the present study we
have also recorded similar results with FA treat-
ment (data not shown).

In our present study we observed an active re-
modeling process, such as alteration of collagen
and collagen/elastin ratio, increased ROS pro-
duction and altered expression of MMPs and
TIMPs in the vena cava of CBS+/- mice. Among
matrix protein, collagen is stiffer than elastin
and deposition of collagen in the basement
membrane of vascular smooth muscle cells and
in the extracellular matrix makes the vessel
rigid. Although we have not observed changes in
the elastin protein in CBS+/- vena cava, the
content of collagen was increased, and there-
fore collagen/elastin ratio was higher (Figure 5).
We also observed increased expression (Figure
7) and activities (Figure 8) of MMP-2 and -9 in
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In situ Zymography : activity of MMPs in vena cava
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Figure 8: In situ zymography. (A) In situ zymography was performed using DQ gelatin as substrate and details were
described in the methods. (B) Bar diagram indicates relative intensities of MMP activities among the groups.

our present study. Additionally, we measured
upregulated mRNA expression of MMP-13
(Figure 9). Since one of the substrates of MMP-
2, -9 and -13 are collagen [15], with increase
expression and activities of these MMPs, colla-
gen should have been digested and expressed
in lower amount in HHcy vessels compared to
WT control. Instead, we have detected paradoxi-
cal increase (Figure 5). The possible explanation
is that due to increased oxidative radicals, espe-
cially superoxide in CBS+/- animal (Figure 6),
matrix collagen oxidatively modified. When it is
oxidized, MMPs can not cleave, and therefore
accumulates in ECM [44-45]. Additionally, MMP-
12 is a macrophage metalloelastage and in-
creased expression of this MMP is related to
elastin degradation [46]. Our present report in
agreement with this previous finding suggest
that increased MMP-12 is associated with
lower, although not significant, elastin content
in CBS+/- vena cava (Figure 3). FA treatment
normalized MMP-12 expression with slightly
increased elastin content in CBS+/- vena cava,
suggesting a possible regulation of MMP-12 by
Hcy.
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Endogenously, MMPs are regulated by TIMPs.
Although, by definition, TIMPs family inhibits
MMPs activity, selective inhibition of MMPs has
been reported [17, 47]. A classic example is
TIMP-2, which in addition to inhibiting MMPs
activities, interacts with membrane type-1(MT1)-
MMP to facilitate activation of pro-MMP-2 [17,
47-48]. TIMP-1 is a prototypic inhibitor of MMPs
and abundant in fibrotic tissues [49-50],
whereas TIMP-3 primarily inhibits ADAM [51]
and is apoptotic [52]. Compared to other TIMPs,
relatively few studies are focused on TIMP-4
[51]. We previously reported that Hcy mitigates
TIMP-4 in microvascular endothelial cells [53].
We have also shown that CBS+/- mice are defi-
cient of TIMP-4 expression, both in mRNA and
protein level, in neurovascular tissue [54]. Sur-
prisingly, to our knowledge, none of the studies
are focused to asses any involvement of TIMP-2
in vascular remodeling in HHcy. Since TIMP-2
and -4 are general MMP inhibitors, our present
findings of increased MMP-2,-9 and -12 suggest
that in HHcy TIMP-2 and -4 were actively partici-
pated in vena cava remodeling as evidenced
with their mitigated expressions (Figure 7). Folic
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Figure 9. Expressions of mRNA in the vena cava. (A) Total RNA was isolated from vena cava as indicated in the meth-
ods and mRNA expressions were measured by RT-PCR. (B) The bar diagram indicated relative expression of mRNA
among the samples. Data represents mean + SD, n = 5. The * represents p<0.01 vs WT and t represents p<0.05 vs

CBS+/-.

acid treatment partially ameliorated this mitiga-
tion by Hcy. This result suggests that Hcy played
a crucial role in vena cava remodeling. Addition-
ally, we have detected relatively higher mRNA
expressions of TIMP-1 and -3 in CBS+/- vena
cava; however, FA did not significantly altered
expression of these TIMPs. From this result it
appeared that reduction of Hcy level by FA did
not have effect on TIMP-1 and -3 regulations,
although high Hcy induced these two TIMPs.
Whether the statistical power was enough to
exclude the possibility or there may be transi-
tional protein expressions of these TIMPs, which
required FA treatment for a longer period of
time needs to be investigated in future.

In addition to matrix protein, metalloproteinases
(MMPs) and their tissue inhibitors (TIMPs), a
group of cell surface signaling molecules,
known as ephrin family, actively participates in
vascular cell assembly and proliferation of vas-
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cular smooth muscle cells (VSMC); thus, contrib-
ute to the vessel remodeling. EphrinB2 and
EphB4 belong to this family of cell surface sig-
naling molecules, and known as receptor tyro-
sine kinase (RTK); play an important role in
regulating vascular boundaries and integrity
[55]. EprinnB2 is normally expressed on arterial
wall, whereas its cognate receptor EphB4 domi-
nantly expressed on venous endothelial cells
[56]. Dysregulated EphrinB2 expression and
signaling can result disrupted recruitment of
VSMC in the vessel resulting in pathophysiologj-
cal weak vessels [57-58]. Homocysteine is the
only known molecule that induces apoptosis of
endothelial cells and at the same time prolifer-
ate VSMC at higher levels [59-61]. In our study
we have measured higher mRNA expression of
EphrinB2 in CBS+/- compared to WT. In addi-
tion, venous EC marker EphB4 was low in
CBS+/- vena cava (Figure 9). Although FA par-
tially mitigated EphrinB2 in CBS+/- mice, the

Int J Physiol Pathophysiol Pharmacol 2011;3(4):266-279



Homocysteine and venus remodeling

Dose response relationship of vena cava

Phenylephrine response

Response %

Acetylcholine response

80 - -=p\\W/T
60 = @ =CBS+/-
@l CBS+/- + FA
40 o
20 -
0 b L
1009 108 107 106 105
Dosage(M)

Sodium Nitroprusside response

2 13, —t=\WT
S ==CBS+/-
in 11+ @ximsCBS+/- + FA
2 0.9 1
o
2 0.7 -+
]
€ 05 7 T v T
109 108 1077 106 1075
Dosage(M)
30 -
«=t=WT
25 4 . =CBS+/-
20 o emm=CBs+/-+FA

15 -«
10 +

Response %

Dosage (M)

Figure 10. Dose dependent vascular reactivity of the vena cava. The vena cava was isolated, and dose dependent
responses against phenylephrine, acetylcholine and sodium nitropruside were performed as indicated in the method.
Data represents mean + SD, n = 4. The * represents p<0.01 vs WT and trepresents p<0.05 vs CBS+/- mice.

expression of EphB4 did not augment to normal
level (Figure 9). This result may suggest that
while down regulating the venus endothelial
marker EphB4, Hcy is mediating EphrinB2 ex-
pression and promoting VSMC in vena cava,
which causing vascular phenotypic shift. Expres-
sion of protein levels of these two markers and
detection of VSMC proliferation, if any, would
have further strengthened and reinforced our
hypothesis. Extracted protein from the vena
cava of our animal model did not result detect-
able range of these two ephrin protein mole-
cules in Western blot. Using greater amount of
pooled vessels or larger animal may give further
insights of our findings.

Results of vascular reactivity partially supported
the hypothesis that Hcy mediates VSMC prolif-
eration (Figure 10). In our study, CBS+/- vena
cava relaxed at greater extent in endothelial-
independent way (sodium nitropruside re-
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sponse), which suggesting possible presence of
more VSMC in CBS+/- compared to other two
groups. This is a striking result, because, al-
though FA treatment did not normalized im-
paired endothelial function, neither it did
changed endothelial-independent vascular re-
laxation in CBS+/-, but increased relaxation was
observed in CBS+/- mice with out FA treatment.

In conclusion, one important aspect of our study
is that the expression of arterial endothelial
markers, Ephrin B2 and venus endothelial
marker EphB4 expressions in the vena cava is
altered in the HHcy condition, which we corre-
late with a shift towards arterial phenotype. This
is an interesting and novel finding, where HHcy
contributes to vascular remodeling by pheno-
typic change, in addition to its well established
role on imbalance of collagen/elastin and
MMP/TIMP ratio.
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