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Abstract: Hyperhomocysteinemia is associated with aortic aneurysm, however, the mechanisms are unclear. We 
hypothesize that the expression level of genes involved in extracellular matrix (ECM) remodeling, oxidative stress, 
and enzymes involved in homocysteine metabolism pathway in aortic aneurysm and hyperhomocysteinemia are dif-
ferentially regulated by DNA methylation. We studied the mRNA levels of MTHFR, SAHH, MMP-1, -9, TIMP-1, -4, per-
oxiredoxin, NOX-2, -3 (NAPDH oxidase subunits), collagen and elastin in normal and aortic aneurysm tissues from 
humans and aorta tissue from HHcy (Cystathionine beta synthase heterozygote knockout, CBS+/-) mice treated 
with high methionine diet. The total RNA was extracted using Trizol method and RT-PCR was performed. Protein 
expression of MTHFR, H3K9 (trimethyl) and TIMP4 were studied in mice using immunohistochemistry. MTHFR and 
TIMP4 expression was seen to be increasing in both human aneurysm samples as well as HHcy CBS+/- mice. There 
was increased expression of MMP9, peroxiredoxin and decreased expression of MMP1, Collagen I and IV was noted 
in thoracic aortic aneurysm samples. Increased Collagen IV and decreased Collagen I levels were seen in CBS +/- 
HHcy mice compared to their wild type controls. Since DNA methylation regulates gene expression of enzymes in 
Hcy metabolism pathway, we also measured the mRNA levels of DNMTs, MBD2 and H3K9. The results suggest an 
increase in the levels of DNMT1, 3a, MBD2 and H3K9 in CBS +/- aorta compared to their wild type controls. Our 
findings suggest a possible role of methylation in regulation of expression of genes involved in matrix remodeling 
and homocysteine metabolism.
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Introduction

Atherosclerosis, aortic aneurysms and dissect-
ing aneurysms, are linked to hyperhomocyste-
inemia. In order to gain an understanding of the 
relationship between homocysteine and aortic 
diseases, it is important to first explain the 
nature of these diseases. An aneurysm is an 
abnormal, irreversible dilation caused by arte-
rial wall weakness due to a decrease in the 
elastin content. Abdominal aortic aneurysms 
(AAA) are known to be associated with athero-
sclerosis, hypertension, hyperhomocystein-
emia and smoking. Interestingly, increased 
plasma homocysteine levels have been 
observed in AAA patients (15.7±6.5; n=58) 
when compared to their healthy controls 
(9.6±3.9; n=60) [1]. In addition infections, con-
genital defects, and trauma were also found to 
be some plausible etiologic factors of AAA. The 

most common site for an aneurysm to develop 
is the abdominal aorta. Most AAA occurs below 
the level of the renal arteries. They may affect 
the bifurcation of the aorta as well as the iliac 
arteries. Aneurysms often increase in size; they 
can rupture and lead to hemorrhage and death, 
if not treated. If an aneurysm is greater than 5 
cm, surgery is generally recommended. 
Ruptured aneurysms occur in approximately 5 
out of 10,000 people. In the descending tho-
racic and abdominal aorta, aneurysms result 
from severe intimal atherosclerosis, increased 
elastin and collagen degrading enzymes and 
pro-inflammatory cytokines, chronic inflamma-
tion, and remodeling of the elastic media [1].

Thoracic aortic aneurysms (TAA), like AAA, are 
caused due to atherosclerosis, trauma, and 
hypertension. Other unique factors which have 
been found to play a major role in causing TAA 
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are syphilis, Marfan syndrome (MFS), and 
bicuspid aortic valves. Aneurysms in the 
ascending aorta are due to degeneration of the 
aortic media through Cystic Medial Necrosis 
(CMN): loss of smooth muscle cells and degen-
eration of elastic fibers. Accelerated CMN has 
been known to be associated with genetic syn-
dromes, like MFS [1].

Dissection is a condition than is distinct from 
aneurysm. It develops after a tear in the intima 
with separation in the layers of the aortic wall 
and forms a passageway for blood. This diverts 
blood throughout the aorta in the chest and 
abdomen and can result in ischemia. Dissection 
results in acute aortic dilatation and frequently 
ruptures to death. 

Bicuspid aortic valves only have two leaflets 
that usually are not equal in size [2, 3]. This 
congenital abnormality is most commonly iden-
tified as a systolic ejection click during exam. It 
is present in about 1-2% of the population and 
the anomaly often has no symptoms, though 
the coronary arteries may be abnormal and 
sometimes the aortic root is dilated. An exis-
tence of a causal relationship between aortic 
aneurysm and bicuspid aortic valves has been 
hypothesized [4]. 

Homocysteine (Hcy) is a sulfur containing 
amino acid formed during methionine metabo-
lism. The normal range of homocysteine in the 
blood is around 4–17 µmol/L, though it is 
important to note than the normal range varies 
with age and sex as well as nutritional determi-
nants [5]. In cases of hyperhomocysteinemia 
(HHcy) in humans, various pathologies result. 
HHcy is a risk factor for cardiovascular diseas-
es, like stroke, ischemic heart disease, and 
peripheral vascular disease [6]. 

Eleven genes have been examined in this study. 
They are organized into three groups: defects in 
homocysteine metabolism, remodeling, and 
oxidative stress. It is hypothesized that high lev-
els of Hcy due to defects in methionine metabo-
lism causes oxidative stress which induces 
remodeling of the aortic wall. 

The first group was made of genes dealing with 
methionine metabolism. S - Adenosyl-L-
homocysteine hydrolase (SAHH) and 
Methylenetetrahydrofolate reductase (MTHFR) 
genes were chosen. Intracellular Hcy is made 

by the enzyme SAHH from S-adenosylhomo- 
cysteine [7]. MTHFR is the enzyme involved in 
folate metabolism, catalyzing the reduction of 
5, 10-methylenetetrahydrofolate to 5 methyl-
tetrahydrofolate. Because folate is a cofactor in 
re-methylation of homocysteine, without 
MTHFR, homocysteine levels in the plasma 
increase. CBS removes Hcy from the methio-
nine cycle permanently by catalyzing the syn-
thesis of cystathionine from Hcy and serine [7]. 
Lack of SAHH causes a decrease in intracellu-
lar homocysteine, while lack of MTHFR and CBS 
causes an increase in homocysteine levels. 
CBS +/- mice have been used in the current 
study to analyze the genes in HHcy.

In the remodeling group are: Collagen Type I, 
-IV, Elastin, Matrix metalloproteinase -1, -9 
(MMP-1, -9), Tissue inhibitors -1, -4 (TIMP-1, - 
4). These genes were chosen to learn more 
about the composition of the aortic wall in the 
various groups. MMP-1 initiates cleavage of 
fibrillar collagens at a single site so that other 
MMPs can further degrade collagen [8]. MMP 
-9, a 92kDa gelatinase, has been known to be 
present in high amounts in the plasma of 
patients with AAAs [9]. Both collagen and elas-
tin make up the wall of the aorta. Collagen type 
I is 90% of all human collagen and it forms 
fibers while collagen type IV forms networks 
because it makes up the basal lamina. Tissue 
inhibitors of matrix metalloproteinases (TIMPs) 
prevent aortic wall destruction and prevent 
aneurysm development by inhibiting MMPs 
[10]. TIMP-1 is a collagenase inhibitor while 
TIMP-4 is secreted extracellularly primarily 
from heart tissue and it may be involved with 
extracellular matrix homeostasis [11].

The final group is oxidative stress which 
includes NADPH Oxidase (NOX), Peroxiredoxin 
(PRDX) genes. PRDX is a redox enzyme that has 
a cysteine in the active site. The cysteine can 
be over oxidized under oxidative stress condi-
tions. PRDX may detoxify reactive oxygen spe-
cies [12]. NOX has a different purpose than 
PRDX; it generates O2- in both phagocytic cells 
and non-phagocytic cells [13]. Oxidative stress 
is increased in hyperhomocysteinemia; hence 
PRDX is decreased and NOX is increased in this 
disease state.

DNA methylation is known to be an important 
epigenetic mechanism in transcriptional regu-
lation of many genes. The methyl group is usu-
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ally attached to the cytosine residue in the 
nucleotide sequence with the help of specific 
enzymes called DNA methyl transferases 
(DNMT) [14] There are two types of methylation 
involved – de novo methylation facilitated by 
DNMT 3a and DNMT 3b and maintenance 
methylation, handled by DNMT1. Methyl bind-
ing domain (MBDs) proteins like MBD2 have 
been known to bind themselves to these meth-
ylated CpG islands and down regulate tran-
scription of downstream sequence by recruiting 
co-repressor complexes [15]. These co-repres-
sor complexes are proteins which are bound to 
chromatin remodeling proteins like Histone 3 
tri-methylated at lysine 9 (H3K9) [16] HDACs 
etc. Homocysteine induced DNA methylation 
has been found to play an important role in ath-
erosclerosis [17]. In the current study, aortic tis-
sue samples from wild type (C57BL/6J), CBS 
+/- (high methionine diet) mice were taken and 
cDNA analysis of various genes involved in 
methylation like DNMTs, MBD2, H3K9 was per-
formed to study the levels of DNA methylation 
in hyperhomocysteinemia.

Methods

Tissue procurement from human aortic 
samples

Aneurysmal aortic specimens (n=22) were 
obtained at the time of operative AAA repair 
from patients ranging in age from 49-77 years. 
All aneurysm tissues were obtained from 
regions 3-6 cm below the renal arteries. Normal 
aortic specimens (n=5) were obtained from 
organ donors ranging in age from 39-59 years 
at the time of harvest. These specimens were 
obtained from the infra renal or suprarenal 
abdominal aorta. Experiments were conducted 
under NIH guidelines with the approval of the 
Institutional Animal Care and Use Committee 
(IACUC). All the tissue samples were frozen in 
liquid nitrogen and stored at -80°C until use. A 
description of the groups is given as follows: 1) 
Normal aorta with normal aortic valve (Normal), 
2) Aortic aneurysm with diseased tricuspid aor-
tic valve, abdominal aortic aneurysm (AAA), 3) 
Aortic aneurysm with bicuspid aortic valve, 
Thoracic aortic aneurysm (TAA) and 4) Normal 
aortas with bicuspid aortic valve (Normal+ 
BiAV).

Mouse samples

CBS +/- (B6129P2) were fed with high methio-
nine diet for three weeks in order to create 

hyperhomocysteinemia condition. Aortic tissue 
was isolated from wild type (C57BL/6J) and 
CBS +/- (B6129P2) treated mice, obtained 
from Jackson Laboratories. 

Histopathological analysis

Reverse transcription polymerase chain reac-
tion (PCR): Total RNA was isolated from approxi-
mately 1-2g (total wet weight) of aortic tissue 
using Trizol reagent (Invitrogen) [18]. The quali-
ty of RNA was determined by electrophoresis 
on 1.5% agarose-formaldehyde gels that were 
stained with ethidium bromide. Only RNA sam-
ples that showed clear 18s and 28s rRNA 
bands were used for the study.1 µg of total RNA 
was reverse transcribed using the Reverse 
Transcription System (Promega), according to 
the manufacturer’s instruction. Primers, to 
amplify specific gene sequences, were 
designed using Primer 3 design. The list of 
primers for amplifying human and murine sam-
ples is given in Table 1 (a), (b) and (c). PCR was 
performed in the Biorad DNA Engine® 
Thermocycler for 35 cycles (denaturation at 
94°C for 60 min, annealing varies with different 
genes ,extension at 72°C for 120 min carried 
out in a volume of 25 µl under the following 
cycling conditions: 94°C for 1min), PCR prod-
ucts were analyzed by gel electrophoresis in 1% 
or 1.5% agarose gels. The gel images were doc-
umented using Bio-Rad ChemiDoc™ XRS+ 
System and analyzed using Image Pro analysis 
(Bio-Rad).

Immunohistochemistry

Mice aortic tissue was collected and made into 
blocks in a Peel-A-Way disposable plastic tis-
sue embedding molds (Polysciences inc., 
Warrington, PA., USA) containing tissue freezing 
media (Triangle Biomedical Sciences, Durham, 
N.C., USA) and stored at -80°C until further use. 
5 µm thickness tissue sections were made 
using Cryocut (Leica CM 1850) and placed on 
Super frost plus microscope slides, air-dried 
and processed for immunohistochemistry 
(IHC). Following reagents were used for the IHC: 
rabbit polyclonal anti-TIMP4, mouse polyclonal 
anti-Histone 3 tri-methyl K9, rabbit polyclonal 
anti NOX2 and mouse monoclonal anti MTHFR. 
The primary antibodies were bought from 
Abcam (Cambridge, MA). The following second-
ary fluorescent antibodies were used: Texas 
Red raised in rabbit, Alexa Fluor 488 raised in 
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Table 1. List of primers used in (A) human samples and (B) murine aortic samples
A
Gene Primer pair sequence (5’-3’) Product size (bp)
Collagen - I GACGGGAGTTTCTCCTCGGGGTC

GAGTCTCCGGATCATCCACGTC
398

Collagen - IV ATGTCAATGGCACCCATCAC
CTTCAAGGTGGACGGCGTAG

382

Elastin AAAGCAGCAGCAAAGTTCGG
ACCTGGGACAACTGGAATCC

288

SAHH TGTTGCTTTTATGTCTCTCTGG 
GCTTGGCATTCTCTTAAACC

470

MTHFR GCAATTGTGGGATGTCCTCT
TTCTGAGCTTGTGCATTTGG

570

MMP1 ACCCCAAGGACATCTACAGC
CACCTTCTTTGGACTCACACC

786

MMP9 ACCTGGATGCCGTCGTGGAC
TGTGGCAGCACCAGGGCAGC

475

TIMP1 GGGGCTTCACCAAGACCTACAC
AAGAAAGATGGGAGTGGGAACA

506

TIMP4 CGGCCAGTGCAGACCCTGCTG
TGAGAGGCAGGTGGCCCCGGT

317

PRDX-2 CTTGCCTGGTGTCGGTGGTTAGT
CGGCTGAATCTGAAGTCTTGGTTTT

278

NOX-2 ATATTTTGGAATTGCAGATGAACA
ATATTGAGGAAGAGACGGTAG

650

GAPDH ACCACAGTCCATGCCATCAC
TCCACCACCCTGTTGCTGTA

903

B
Gene Primer pair sequence (5’-3’) Product size (bp) 
Collagen - I AGAACTTTGCTTCCCAGATG

CTATCTGTACCACCCCCTTG
162

Collagen - IV GCTGCTAAGAACTTGCCTTC
GGGGACAGAGAAGATGTCAC

105

Elastin TGACAGTATAGGGCTGAGCA
GAGTTGTTGTGGGTGAGACA

238

SAHH CATGGGGTAGGAAAAGATTG
ACCTCCTCACCAATGTCCTA

144

MTHFR ACCTGAAGCATTTGAAGGAG
GATAGGGCAAGAGATGCCTA

128

MMP1 CACACTGTTCCAGCTTTACG
GCTCTTGAACAGCCCATACT

101

MMP9 CATGTCACTTTCCCTTCACC
TTGCCGTCCTTATCGTAGTC

158

TIMP1 CTCAAATGGGAGAAGCTGTT
AAGTGACGGCTCTGGTAGTC

299

TIMP4 CTGGTAAGTGAAGGGGCTAA
ACCAGGTTCATGGAGGTAGA

289

PRDX-2 TGTGCTCCATACCAGAGCTA
CCTCTTCAAATGGCTTCACT

221

NOX-3 CAGAACTTGTGTGTCCACTG
CCCCTTTCTCCTTAAATTGT

237

GAPDH TAAATTTAGCCGTGTGACCT
AGGGGAAAGACTGAGAAAAC

177

DNMT1 GGGTCTCACCAAGTATCTCA
GGTGTGTGACTCCAGTTTTT

235

DNMT3a GGGAGAGAGGGAAAATTCTA
GGTTTTCTTCAAGGTTTCCT

298

DNMT3b GACTGCCTGGAGTTCAGTAG
ACAGGCAAAGTAGTCCTTCA

285

MBD2 TAGCGCATCAGATGTAACAG
AGAGACTTGTCCTGTGATGG

199

H3K9 CTGTCTCAAAGAAGGAGGTG
GGACAGACAAACACCAAAGT

279

HDAC1 GACTGGACCCTCTGTCATTA
TTTCTCCTAAAGTGCAGCTC

248
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mouse from Invitrogen (Carlsbad, CA). IHC was 
performed as described previously [19]. Briefly, 
after tissue fixation and permeabilization, pri-
mary antibodies were applied overnight fol-
lowed by fluorescent secondary antibodies. The 
stained slides were mounted and visualized 
with a laser scanning confocal microscope 
(Olympus FluoView1000) with appropriate 
filters.

Image analysis

Images obtained after immunohistochemistry 
were analyzed with Image Proplus software. 
Image analysis was done using Image-pro soft-
ware in confocal microscope images taking dif-
ferent optical fields at random into 
consideration. 

Statistical analysis

Statistical analysis was performed using 
GraphPad InStat to compare data collected 

from groups. Differences between groups and 
controls were determined by one-way analysis 
of variance (ANOVA). A probability level (p<0.05) 
is considered statistically significant. All values 
will be presented as mean ± SEM. 

Results

Increased expression of metabolites involved 
in homocysteine metabolism pathway and 
remodeling proteins in human aortic tissue 
samples

Expression of MTHFR and SAHH was found to 
be higher in AAA aortic tissue samples when 
compared to the healthy controls (Figure 1A). 
The expression level of peroxiredoxin 2 was 
found to be greater in abdominal and thoracic 
aortic aneurysm tissue samples when com-
pared to controls (Figure 1B). There was no sig-
nificant fluctuation in the levels of NOX2 in AAA 
and TAA samples with respect to their controls. 
There was an increase in the level of TIMP4 in 

Figure 1. Reverse transcription polymerase chain reaction. RNA extracted from various aortic tissue samples were 
reverse transcribed and amplified using primers designed for (A) MTHFR, SAHH (B) PRDX2 and NOX2, *p<0.05 
versus normal controls in group 1 (n=8) (C) MMP1, TIMP1, MMP9, TIMP4, *p<0.05 versus normal controls in group 
1 (n=4), #p<0.05 versus AAA samples in group 2 (n=4) (D) Collagen1, Collagen4, Elastin, *p<0.05 versus healthy 
controls in group1 (n=4), #p<0.05 versus AAA samples in group 2 (n=4).
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aneurysm samples, whereas a slight increase 
in MMP9 level was seen in AAA samples when 
compared to the controls (Figure 1C). Collagen 

I levels were found to decrease whereas 
Collagen IV levels were found to increase in 
AAA samples and decrease in TAA when com-

Figure 2. Reverse transcription polymerase chain reaction analysis. Reverse transcription was carried out on RNA 
extracted from aorta from wild type (WT) and CBS +/- mice. The expression levels of (A) MTHFR, SAHH, PRDX2, NOX3 
(B) MMP1, TIMP1, MMP9, TIMP4 (C) Collagen I, Collagen IV, and Elastin were analyzed. *p<0.05 versus wild type 
controls, #p<0.05 versus wild type controls (n=4).
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pared to their healthy controls (Figure 1D). No 
significant change was noticed in the elastin 
levels. 

Expression of metabolites involved in homo-
cysteine metabolism pathway and remodeling 
proteins in murine aortic tissue samples

A slight increase in MTHFR and a slight decrease 
in SAHH levels were seen in tissue samples 
from CBS+/- mice (Figure 2A). Peroxiredoxin 
levels were found to be slightly increasing for 
CBS +/- tissue samples. There is no significant 
difference in NOX3 levels between WT and CBS 
+/-. There was no significant difference in 
MMP1 and TIMP1 levels across WT and CBS 
+/-. A slight increase in MMP9 and TIMP4 levels 
were noted in CBS+/- samples compared to the 
wild type samples (Figure 2B). A significant 
increase was seen in Collagen IVa1 levels and a 
mild increase was seen in Collagen Ia1 levels in 
CBS +/- mouse samples. The level of Elastin 
was found to be decreasing in CBS +/- samples 
when compared to WT (Figure 2C). 

Expression levels of genes involved in global 
methylation in murine aortic samples

DNMT 1 and 3a levels were found to increase in 
CBS +/- mice to a considerable extent when 

compared to WT mice (Figure 3). DNMT 3b lev-
els did not show any great increase between 
WT and CBS +/- mice samples. MBD2 and 
Histone 3 trimethylation in lysine 9 (H3K9) 
expression levels were found to increase in 
CBS +/- mice when compared to WT. However, 
there was no significant difference in the 
Histone deacetylase 1 (HDAC1) levels.

Protein expression in mouse aorta

Immunohistochemistry of CBS+/- mouse aorta 
sections displayed an increased expression of 
H3K9, MTHFR and TIMP4 proteins when com-
pared to WT controls (Figure 4A and 4B). There 
was no significant change in the expression of 
NOX2 levels between the groups.

Discussion

Increased activity of MMPs/TIMPs has been 
implicated in ECM alterations in vascular dis-
eases such as aortic aneurysm, dissection and 
atherosclerosis. Homocysteine is one of the 
well-known risk factors for aortic dissection 
[20]. Since increased plasma homocysteine 
levels have previously been correlated with aor-
tic aneurysm [1, 21], aorta tissue from CBS+/- 
mice, serve as HHcy samples. In the present 
study, we performed an analysis of various 

Figure 3. The mRNA expression levels of DNMT1, DNMT 3a, DNMT 3b, MBD2, H3K9 and HDAC1 were studied in 
aorta from wild type (WT) and CBS +/- mice.
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genes involved in homocysteine metabolism 
pathway and ECM remodeling in human aortic 
aneurysm samples. The human aorta samples 
consist of four groups: normal aortas with nor-
mal aortic valve as a control; aortic aneurysm 
with normal or diseased tricuspid aortic valve 
(AAA); aortic aneurysm with bicuspid aortic 
valve (TAA); and normal aortas with bicuspid 
aortic valve. 

Human thoracic and abdominal aortic samples 
showed similar increase in MTHFR and SAHH 
levels (Figure 1A), whereas samples from WT 
and CBS+/- mice did not differ significantly 
(Figures 2A, 4B). MTHFR is generally known to 
be involved in the methylation of homocysteine 
to methionine and CBS is known to metabolize 
homocysteine to cysteine. An increase in the 
homocysteine level could have triggered the 
remethylation pathway to enhance the metabo-
lism of homocysteine (Figure 5). This can be a 
possible explanation for the increase in MTHFR 
in aneurysmal and CBS+/- aorta samples. A 
decreased relative expression of SAHH in CBS 
+/- can be accounted to similar decrease in 
SAHH levels reported in vascular smooth mus-
cle cells under HHcy conditions [17]. 

Although peroxiredoxin -2 levels were increased 
in human samples (Figure 1B) their levels in 
CBS +/- animals were decreased (Figure 2A). It 

has been previously reported that peroxiredox-
in -1 and 2 levels increased when wild type 
mice were subjected to dietary induced HHcy 
conditions when compared to CBS +/- mice 
[22]. Our findings concur with these reports. 

Since increased serum levels of MMP3 and 
MMP9 are associated with ascending aortic 
aneurysm [23], we measured MMP9 and its 
inhibitor TIMP4 which is widely expressed in 
abdominal aortic aneurysm and found a signifi-
cant elevation in their levels (Figure 1C). A simi-
lar increase was observed in CBS +/- aorta 
samples (Figures 2B and 4A). MMP1 and 
TIMP1 levels were found to be elevated in 
abdominal aortic aneurysm samples and 
decreased in thoracic aortic aneurysm (Figure 
1C) reflecting a regional difference in (ECM) 
regulation. MMP1 levels have been previously 
reported to be increased in abdominal aortic 
aneurysm [24] and decreased TIMP1 levels 
have been shown to increase thoracic aortic 
aneurysm progression [25]. A contradictory 
increased TIMP1 levels in AAA samples and 
decreased MMP1 levels in TAA samples can be 
due to compensatory effects on their respec-
tive MMP1 and TIMP1 levels. TIMP1 and TIMP4 
are known to be endogenous inhibitors of 
MMP1 and MMP9 respectively [26, 27]. Hence 
an increase in MMP1 and MMP9 levels could 
have caused an increase in their respective 

Figure 4. Immunohistochemistry. The protein expression was seen as (A) H3K9, TIMP4 and (B) MTHFR, NOX2 were 
studied. H3K9 and MTHFR are stained with green fluorescence intensity and expression of TIMP4 and NOX2 are 
seen as red fluorescence intensity. *p<0.01 versus wild type, #p<0.02 versus wild type. 
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TIMP1 and TIMP4 levels in order to bring the 
levels of MMPs under control. Decreased 
Collagen I has been reported in wild type mice 
with AAA [28]. This result is concurrent with 
decreased Collagen I expression in human 
AAA, TAA samples (Figure 1D). Collagen IV lev-
els were seen to increase in AAA samples and 
decrease in TAA samples. There was a potential 
increase in Collagen I and IV levels in CBS +/- 
mouse aorta samples (Figure 2C). There was 
also a significant decrease in elastin levels in 
CBS +/- mice but no fluctuations were seen in 
aneurysmal condition. Decreased elastin levels 
have been previously reported in CBS +/- mice 
accounting for arterial remodeling [29]. Our 
results correlate the enzymes that are involved 
in aneurysm susceptibility during HHcy.

DNA methylation has been known to play a pre-
dominant role in regulating gene expression. 
CBS knockout mice have shown tissue specific 
fluctuation in their DNA methylation levels [30]. 
In human vascular smooth muscle cells, homo-
cysteine has been known to demethylate pro-
moter region of MTHFR, thereby causing an 
upregulation of the gene expression [31].

Expression levels of DNA methyltransferase 
(DNMT), MBD2 and H3K9 was performed to 
check their expression in HHcy mouse. Levels 
of DNMT 1 and DNMT 3a expression were 
found to increase in CBS +/- mice indicating an 
increase in global methylation levels in HHcy 
(Figure 3). Increased methylation pattern fur-
ther concurred with an increase in the expres-
sion of Methyl Binding Domain protein, MBD2 

and Histone 3 tri-methylated in Lysine 9 resi-
due (H3K9) proteins (Figures 3, 4A). No signifi-
cant changes were seen in the levels of HDAC 
1. Since HHcy has previously been correlated 
with aortic aneurysm, a decline in gene expres-
sion in aortic aneurysm is possibly due to an 
increase in methylation levels. Although there 
is evidence suggesting an association of gene 
promoter specific hyper-methylation in athero-
sclerosis [32], the role of methylation in aortic 
aneurysm is yet to be studied. 

Limitations

(i) Though human samples have been collected 
from individuals with aneurysm, the ambigui-
ties in the data between samples from individu-
als within the same group is possibly due to the 
differential affect. Here, we have taken the 
mean of the frequently occurring patterns in a 
particular group and considered it as the 
expression pattern representing that particular 
group. 

(ii) The lack of error bars in group 4 is due to the 
small sample size. This data was included in 
our results to serve as a basis for future 
studies.

(iii) The difference in the case numbers between 
the control and disease patient groups is due to 
the limited availability of human samples.
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Figure 5. Schematic representation of the genes involved in homocysteine metabolism pathway.
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