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IMPAIRED HOMOCYSTEINE METABOLISM
ASSOCIATED WITH HIGH PLASMA INTERLEUKIN-
17A LEVELS, A PRO-ATHEROGENIC MARKER, IN

AN ENDOGAMOUS PopPULATION OF NORTH INDIA

Background: Impaired homocysteine me-
tabolism (IHM; hyperhomocysteinemia) has
been linked with many complex disorders
like cardiovascular diseases and immu-
nological disturbances. However, studies
understanding IHM in light of pro- and anti-
atherogeneic markers like Interleukin-17A
& -10 (IL-17A & 1L-10) and Forkhead box
p3 (Foxp3, a master transcription factor) are
scarce.

Aim: In our present study, we aimed to
understand the relation of IHM with plasma
IL-17A and IL-10 levels and Foxp3 mRNA

expression in peripheral blood mononuclear

cells (PBMCs) from an endogamous popula-
tion (Jats of Haryana, North India) with high
prevalence of IHM without the concur-
rence of significant adverse cardiovascular
outcomes.

Methods: Forty (40) clinically healthy
individuals, unrelated up to first cousins,
were recruited and were subjected

to demographic, physiological and
anthropometric profiling, followed by
intravenous blood sample collection
(fasting) and lipid profiling. Plasma
homocysteine levels were estimated

and individuals with homocysteine

levels > 15umol/L and <15umol/L were
categorized as the impaired homocysteine
metabolism group (IHM, n=30) and
normal homocysteine metabolism group
(NHM, n=10) respectively. Plasma folate
and vitamin B12 and MTHFR C677T
(methylenetetrahydrofolate reductase)
polymorphism were detected. Relative
mRNA expression of Foxp3 in PBMCs
(normalized to 18S) was quantitated using
SyBR green technology. Plasma IL-10 & 17
levels were estimated by ELISA assays.

Results and Conclusion: None of the
physiological, anthropometric and lipid
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INTRODUCTION

Impaired homocysteine metabo-
lism (hyperhomocysteinemia, a pro-
thrombotic risk factor) has been ex-
tensively studied in different subsets
of patients' as well as different eth-
nic groups.” Population data reveal
a great variation in the distribution
of hyperhomocysteinemia, ranging
from 0% to 86%>* attributed to a
polymorphism in methylenetetrahy-
drofolate reductase gene (MTHFR;
rs1801133) and variable folate and/
or vitamin B12 levels.*> Being at the
axis of DNA synthesis and methyla-

tion cycle, homocysteine metabolism
(in close proximity with MTHFR)
plays an important role in lipid me-
tabolism, immune activation and
other biological reactions.** Hypo-
methylation of homocysteine has
been associated with dyslipidemia,
atherosclerosis, hypertension, and all
cause mortality in different popula-
tions of the world.*'" Also, hyperho-
mocysteinemia is known to suppress
the function of Foxp3+ Tregs cells
in murine models,"* suggesting an
important link between homocyste-
ine metabolism and Foxp3. Further,
interleukin 17 and 10, referred to as

variables were different between the two
groups. Foxp3 mRNA expression levels were
relatively lower, and plasma IL-10 levels
were found to be comparable among IHM
and NHM group. However, significantly
higher IL-17A levels and relatively high
LDL cholesterol levels were present in the
IHM group as compared with NHM. Our
findings suggest that the Jats of Haryana,
North India, exhibiting high levels of
homocysteine, might also carry the high
IL-17A -pro-atherogenic marker, suggest-
ing an increasing burden of pre-morbid
condition. This apparently does not reach
to significant mortality/morbidity attributed
to the counter action or balancing act of
IL-10 (an anti-atherogenic marker). This
further suggests environment-influenced
epigenetic control mechanisms of the tar-
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pro- and anti-atherogeneic cytokines,
respectively, are also regulated by
Foxp3." Previous studies report inde-
pendent association of hyperhomo-
cysteinemia and interleukins (IL10
&17) with complex disorders,'*!> but
the immunological aspect of homo-
cysteine metabolism through Foxp3
and associated cytokines, in light

We undertook this study
to investigate the role of
Foxp3 mRNA in blood
and related plasma pro-
and anti-atherogeneic
cytokines among
individuals with impaired
homocysteine metabolism
in comparison to those
with normal homocysteine

metabolism. . .

of folate, vitamin B12 and MTH-
FRC677T polymorphism, in appar-
ently clinically healthy patients has
not been investigated. Recently, we
reported high prevalence of IHM
and vitamin B12 deficiency, without
concurrence of high rates of adverse
cardiovascular outcomes, despite sig-
nificant metabolic distress in terms
of dyslipidemia, in an endogamous
population of North India.'® How-
ever, the mechanism behind the same
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is still elusive. With this backdrop,
we attempted to understand the rea-
son for impaired homocysteine me-
tabolism not resulting in significant
CVD-associated morbidity and mor-
tality rates in the same population.

Thus, we undertook this study to
investigate the role of Foxp3 mRNA
in blood and related plasma pro- and
anti-atherogeneic cytokines (IL-17A
and IL-10) among individuals with
impaired homocysteine metabolism
(IHM group, plasma homocystein-
emia 215 umol/L) in comparison
to those with normal homocysteine
metabolism (NHM group, plasma
homocysteinemia <15 umol/L) in
a folate replete and vitamin B12
deficient

endogamous population

cohort from Haryana state, India.

METHODOLOGY

Study Population
Demographic, Anthropometry
and Sample Collection

Ethical clearance was obtained
from the Departmental Research
Committee, Department of Anthro-
pology, University of Delhi, India.
Forty (40) normal, healthy individu-
als, between aged 45 and 65 years,
unrelated up to first cousins, belong-
ing to the Jat community, were ran-
domly recruited from two villages
(Mitrol and Aurangabad) of Palwal
district, Haryana, India. All study
participants were subjected to de-
mographic and physiological and an-
thropometric profiling. Intravenous
blood samples (2 mL in EDTA and
2 mL in RNA stabilisation buffer
[Roche]) were collected from all in-
dividuals with prior written informed
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consent. Plasma separation was done,
followed by DNA and RNA isolation,
and was stored at -80° until assayed.

Biochemical Estimations and
Polymorphism Detection

Plasma homocysteine, folate and
vitamin B12 estimations were done
(Im-
mulite Immuassay system: Immu-
lite® 1000; Catalog Nos. LKHOI,
L2KFO2 & LKVBI, respectively).
Impaired homocysteine metabolism

using  Chemiluminescence

(IHM group) was defined as plasma
homocysteine levels >15umol, and
study participants with normal ho-
metabolism
<15umol/L)
grouped as NHM group. Plasma
IL-10 and IL-17A levels were mea-
sured using Quantikine ELISA Hu-
man IL-10 and IL-17 ImmunoAs-
say (R&D systems; Catalog Nos.
D1000B & D1700 respectively).
DNA isolation was done using salt-

mocysteine (plasma

homocysteine were

ing out precipitation method.”
MTHFR C677T  polymorphism
(rs1801133) was detected using
a previously described protocol.'

Foxp3 Quantitative Reverse
Transcriptase Polymerase
Chain Reaction

The stabilized blood samples (in
“RNA/DNA stabilization reagent for
blood/bone marrow”; Roche, cata-
log No. 11934317001) were sub-
jected to total RNA isolation (High
Pure RNA isolation kit, Roche: 11
828 665 001) followed by cDNA
conversion using random hexamer
primers as per manufacturer’s proto-
col (Transcriptor first strand cDNA
synthesis Kit, Roche: 04 379 012
001). The cDNA was then assessed



using real-time quantitative poly-
merase chain reaction (Roche) us-
ing Sybr green technology. Each
sample was assessed in triplicates,
both for Foxp3 (target gene) and for
18S (housekeeping gene). Primer
sequences were taken from already
published study.” A number of neg-
ative controls were put in each assay.
Samples with coeflicient of varia-
tion <5% for the technical replicates
of both Foxp3 and 18S gene were
used for data analysis. Prior to this,
PCR efficiencies were also checked
for both Foxp3 and 18S, and it was
found that in blood, the expression
of Foxp3 was low. The relative ex-
pression of Foxp3, normalized to
18S, was calculated and expressed
as 2°¢T method, as per Schmittgen
& Livak.” Since the mRNA expres-
sion levels were found to be low in
blood (PBMCs; peripheral blood
mononuclear cells), the values were
multiplied by 1000; as also report-
ed and represented by Dijke et al.*!

Statistical Analysis

For all continuous variables, values
are reported as mean + standard de-
viation (age, body mass index [BMI],
lipids, Foxp3 mRNA levels, homocys-
teine, folate, vitamin B12, interleukin
10, interleukin 17). For all categorical
variables, numbers and percentages
are reported. Independent t test and
chi square test were used for compari-
son of continuous variables and cat-
egorical variables respectively in two
groups. P <.05 was considered signifi-
cant. All the variables were checked
for normal distribution, and if found
skewed then were log transformed
(log to the base of 10). SPSS.Ver. 13

was used for the statistical analysis.
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Table 1. Distribution of variables related to demographics, physiological
characteristics, lipids, and homocysteine metabolism in normal (NHM group) vs

hyperhomocysteinemic (IHM group) individuals

Parameters (Mean = SEM) NHM Group IHM Group
Demographic
Age, years 45.64+3.02 45.80x1.57
Sex (M/F) 10(1/9) 30 (10/20)
Smoking status (non-smoker/smoker) 10 (7/3) 30 (18/12)
Alcohol consumption (Yes/No) Nil 30 (28/2)
Physiological characteristics
Body mass index, BMI, kg/m? 24.67=1.47 24.32+0.75
Systolic blood pressure, mm Hg 131.27+4.95 122.73%2.71
Diastolic blood pressure, mm Hg 84.45+1.25 79.43+2.38
Lipids
Total cholesterol, mg/dL 187.53=11.49 201.64=9.85
Triglycerides, mg/dL 147.75+20.08 105.63+9.9
HDL, mg/dL 44.88+2.89 46.71+2.44
LDL, mg/dL 113.1x10.14 133.81+8.5
Non-HDLc, mg/dL 142.66+12.22 154.93+9.42

Homocysteine metabolism related markers
MTHEFR 677T allele frequency (CC/CT/TT)
Plasma folate deficiency, <3ng/mL

Plasma vitamin B12 deficiency, <150pg/mL

9 (8/1/0) (5%) 28 (18/9/1) (19.6%)
Nil 18%
66% 66%

REsSuULTS AND DiscussiON

(IHM  and
NHM) were comparable with re-

The two groups

spect to demographic, physiological
and lipid variables except for LDL
cholesterol, which was found to be
relatively higher in IHM (though not
significant) (Table 1). Vitamin B12
deficiency was equally high in both
groups (~66%) (Table 1). However,
the study participants in IHM group
also had folate deficiency (18%), un-
like NHM group. Relatively lower
levels of Foxp3 mRNA were found
in IHM group but plasma IL-10
levels were comparable for both the

groups.
high plasma IL-17A levels were

Conversely, significantly

found in IHM group (Figure 1).
The low mRNA
Foxp3 in the IHM group (though

levels of
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not significant) are in line with a
previous study, which reported a
that hyperhomocysteinemic ApoE
deficient mouse model suppressed
the function of Foxp3 mRNA and
protein  expression.”” This could
be due to the combinational effect
of  hyperhomocysteinemia ~ and
significant ApoE deficiency in the
murine model, which did not replicate
in our study. Further, Kinoshita et al
reported the promotion of Foxp3*
Treg cells through dietary folate** and
Yamaguchi et al showed Tregs express
folate receptors, and do not survive
in folate deficiency.” Intriguingly,
the present population, despite being
folate replete showed lower levels of
Foxp3, which could be attributed to
vitamin B12 deficiency, consequently
a folate trap. In addition, lower Foxp3
mRNA levels in the IHM group could
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Figure 1. Plasma homocysteine, interleukin 17A, interleukin 10, and Foxp3 mRNA levels in normal (NHM group) and
hyperhomocysteinemic (IHM group) study participants.
Significant differences denoted as a. <.001,b. <.0001.

be due to homocysteine dependent
DNA  methylation
Foxp3, whose expression is controlled
by DNA methylation at TSDR*
(TSDR-Treg Specific Demethylated
Region, an evolutionary conserved

changes on

region). Yang et al also demonstrated
that hydrogen sulphide (also a by-
product of impaired homocysteine-
transulphuration pathway) promotes

Foxp3  demethylation.”  Further,
computational  analysis of the
MTHEFR gene revealed putative

TFBS (transcription factor binding
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sites) of Foxp3 in its differentially
TSS.%
Studies also indicate the influence
of DNA methylation at IL-10 gene
promoter influences phospho-CREB

methylated  region near

binding,  consequently  affecting
the transcriptional regulation and
protein levels.”” Thus, investigating
the methylation levels at MTHFR
DMR, Foxp3 TSDR and IL-
10 promoter region would be
interesting to understand the gene-
gene and gene nutrition interaction

of athero-immunological paradigm
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and  homocysteine  metabolism.

Importantly, plasma IL-17A levels
were significantly high in the IHM
group and are in agreement with
the previous report on the murine
model."* Further, hyperhomocystein-
emia induced IL-17A levels have been
linked through N-Sun2 pathway in rat
T lymphocytes.?® IL-17A is consid-
ered as a pro-atherogenic, pro-inflam-
matory, signature cytokine of Th17
cells and is involved in the formation
of foamy macrophages; blockade of

IL-17A prevents the atherosclerotic



lesion progression.” Also, Varshney
et al demonstrated that high levels of
IL-17A results in cholesterol accumu-
lation in keratinocytes.* In our pres-
ent study, we also observed relatively
high levels of LDL in the IHM group,
suggesting a pre-morbid condition in
impaired homocysteine metabolism.
Further, high homocysteine has been
shown to increase the production of
ROS in T lymphocystes and induces
the production of oxidised LDL.”

Thus, the findings of our pres-
ent study suggest that impaired ho-
mocysteine metabolism, in terms of
hyperhomocysteinemia, could have

We found significantly
high plasma IL-17A levels
and relatively high levels
of LDL in IHM group,
suggesting a pre-morbid
condition in impaired

homocysteine metabolism.

resulted in relatively high LDL/
dyslipidemia-like ~ phenotype and
significantly disturbed IL-17 signal-
ling high IL-17A levels. However, the
normal levels of plasma IL-10 levels,
which could be attributed to folate
repletion, indicate a balancing act
between pro- and anti-atherogeneic
markers studied (IL-10 and IL-17A).
This reveals one of the mechanisms
for lower cardiovascular adversities,
despite such a high frequency of hy-
perhomocysteinemia reported in the
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studied population through the bal-
ancing act or protective effect of an
anti-atherogeneic marker (IL-10) (as
also reviewed by Mallat et al*?) to-
ward pro-atherogeneic state (high IL-
17A). However additional studies are
necessary to validate these findings.
This also suggests the potential ben-
efits of using this same lens in study-
ing populations with concurrence of
high rates of hyperhomocysteinemia.

CONCLUSION

In conclusion, our present find-
ings suggest that the studied popula-
tion (Jats of Haryana, North India)
and similar populations exhibiting
high levels of homocysteine but folate
repletion and who might also carry
high IL-17A pro-atherogenic marker,
may have an increased burden of pre-
morbid conditions. However, these
conditions do not reach to significant
mortality/morbidity, which is attrib-
uted to the counter-action or balanc-
ing act of IL-10, an anti-atherogenic
marker. This further underscores the
need to assess environment-influ-
enced epigenetic control mechanisms
of the targeted genes in the popula-
tion studied through our research.
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