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Increased plasma homocysteine (Hcy) is a significant and independent risk factor for cardiovascular disease. It 
can cause multi-disease manifestations such as smooth muscle proliferation, premature occlusive vascular dis-
ease, progressive arterial stenosis, haemostatic changes, placental vasculopathy, spontaneous early abortion, 
birth defects, impaired cognitive function and dementia. This review paper summarizes the role of elevated Hcy 
levels in cardiovascular and other diseases and the molecular mechanisms and pathophysiology involved in the 
deleterious manifestations of hyperhomocysteinemia. We have collected data from MEDLINE, Current Contents 
and scientific journals, which included 112 publications from 1932 to 2007. Cardiovascular pathophysiology in 
hyperhomocysteinemia is a complicated process, possibly due to direct toxicity of Hcy on tissues, low S-
adenosylmethionine, high S-adenosylhomocysteine or thrombotic events triggered by stimulation of procoagu-
lant factors and suppression of anticoagulant factors and platelet activation, thereby enhancing oxidative stress, 
smooth muscle cell proliferation, formation of reactive oxygen species, hypomethylation, induction of unfolded 
protein responses and extracellular matrix modification. The mechanisms involved in the increased risk of car-
diovascular disease still remains a mystery in many respects, and more studies are needed to elucidate this asso-
ciation. 

 
Key Words: Homocysteine, smooth muscle cell, oxidizing stress, teratogenic action, proinflammatory 
  
 

 
INTRODUCTION  
Homocysteine (Hcy) is a sulfur amino acid derived from 
methionine during transmethylation. It is a by-product of 
methionine metabolism, first reported in 1932.1 For a 
number of years, some researchers demonstrated that vas-
cular disease of various forms is associated with abnormal 
methionine metabolism, leading to elevated plasma levels 
of Hcy.2,3 Due to its association with various pathological 
conditions, Hcy gained widespread attention, leading to 
clarification of the methionine metabolism pathway. Me-
thionine is converted to S-adenosylmethionine (SAM) via 
the enzyme methionine adenosyltransferase, which is the 
only methyl-donating pathway in humans.4 This pathway 
is essential in the provision of methyl groups to activate 
biomolecules such as DNA, creatine, phospholipids etc. 
SAM is demethylated to S-adenosylhomocysteine (SAH), 
as a product of these methyl-transferase reactions. SAH is 
hydrolyzed to Hcy in a reversible reaction, in which SAH 
formation is favored. Once Hcy is formed, it is metabo-
lized through two metabolic pathways: remethylation and 
transsulfuration. Remethylation is the vitamin-dependent 
pathway, which converts Hcy back to methionine via the 
enzyme 5-methyltetrahydrofolate reductase (MTHFR) 
and the enzyme methionine synthase (MS).5 Remethyla-
tion appears to be the primary modulator of fasting and 
elevated plasma Hcy concentrations.6 Transsulfuration 
requires vitamin B12 to convert Hcy to cysteine via a two-
step process involving the vitamin B6-dependent enzyme 
cystathionine β-synthase (CBS) and cystathionase. Ulti-
mately cysteine is converted to sulfate and excreted 
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Figure 1. Metabolism of homocysteine. MS: Methionine 
synthetase; CBS: Cystathionine β-synthase; CSE: Cystathionine γ-
lyase; MTHFR: Methylenetetrahydrafolate reductase; BHMT: 
Betaine-homocysteine methyltransferase; MG: Dimethylglycine; 
5, 10-CH3-THF: 5, 10-Methylene-Tetrahydrofolate; 5-CH3-THF: 
5-Methyl-Tetrahydrofolate; THF: Tetrahydrofolate; SH: Serine 
hydroxymethyl transferase; Pi: Orthophosphate; PPi: Pyrophos-
phate 
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into the urine (Figure.1). 
In the human body, total Hcy (tHcy) reflects the com-

bined pool of free, bound, reduced, and oxidized forms of 
Hcy in the blood.7 Normal tHcy levels ranges between 5 
and 15 μmol/L (12 μmol/L being the upper reference limit 
for populations on a folic-acid-fortified diet, as in North 
America) with elevations of 16 to 30 μmol/L, 31 to 100 
μmol/L, and >100 μmol/L classified as mild, moderate, 
and severe hyperhomocysteinemia (HHcy), respec-
tively.8,9 Life-threatening HHcy is associated with enzy-
matic defects at various points of Hcy metabolism.10-12 

Several dietary and lifestyle factors, genetic defects, nutri-
tional deficiencies, and other etiologies can also cause 
elevations in Hcy.13,14 A thermolabile variant of MTHFR 
with reduced enzymatic activity (C677T mutation) is the 
most common form of genetic HHcy. However, an asso-
ciation of this mutation with increased cardiovascular 
disease (CVD) risk is manifested only in populations 
characterized by low baseline folate levels.15,16 Deficiency 
of folic acid, vitamin B6, and vitamin B12 accounts for the 
majority of cases of elevated Hcy in the general popula-
tion.17,18 

Despite considerable advances in our understanding of 
the etiology of CVD, about 30% of CVD cannot be ex-
plained by conventional risk factors.19 It has been sug-
gested that HHcy accounts for the higher prevalence of 
CVD that is not explained by traditional risk factors.19 

HHcy is known to cause multi-disease manifestations 
such as premature occlusive vascular disease,20 smooth 
muscle proliferation, progressive arterial stenosis,21 
haemostatic changes, nephritic syndrome,22 placental vas-
culopathy,23 birth defects,24 impaired cognitive function, 
dementia,25 and type-2 diabetes.26 HHcy is also a risk fac-
tor for osteoporotic fractures.27, 24 In 1969, observations in 
patients with homocystinuria led McCully to suggest that 
Hcy may be involved in the pathogenesis of arteriosclero-
sis.2 In general, clinical and epidemiologic studies show 
an independent and graded association between Hcy lev-
els and CVD, as well as peripheral artery disease,28-

30myocardial infarction,31 and venous thromboem-
bolism.32-35 Dinleyici et al. recommended the use of 
plasma tHcy levels as a risk indicator along with other 
coronary risk factors for detecting and preventing CVD in 
diabetic children.5 

Over the past several decades, the mechanism of Hcy-
induced vascular disease has been actively investigated 
using different experimental models, which have provided 
important insight into our understanding of the role of 
Hcy in CVD.19 In experimental studies, the following 
mechanisms have been suggested to explain the mecha-
nism by which Hcy induces vascular disease: 

 
Endothelial injury 
Endothelial dysfunction is an early key event preceding 
the manifestation of atherosclerosis and vascular dis-
ease.36 Increased cardiovascular risk associated with 
HHcy has been linked to Hcy-induced endothelial cell 
(EC) dysfunction. Hcy has a direct toxic action on blood 
vessel endothelium.4 EC can inhibit thrombosis through 
the interconnected regulatory systems: (a) the coagulation 
cascade; (b) the cellular components of the blood such as 
leukocytes and platelets and (c) the complement cascade, 

and also through effects on fibrinolysis and vascular tone, 
the latter which influences blood flow.37 Endothelin-1, a 
vasoactive peptide synthesized mainly by vascular EC, is 
crucial for normal vasomotor function, limiting inflamma-
tory activation and maintaining a nonthrombogenic endo-
thelial surface.38 Hcy decreases endothelin-1 biosynthesis, 
and down-regulates endothelin-1 at the transcriptional 
level by decreasing preproendothelin-1 promoter activity. 
Hcy reduces the binding activity of EC nuclear extracts to 
an AP-1 consensus site. The AP-1 signaling pathway may 
be of major importance in Hcy-induced endothelial dys-
function. Hcy can also regulate EC growth and apoptosis 
by inducing PI3K/Akt or p53 signaling and metallopro-
teinase.39-41 Hcy, at a physiologically relevant concentra-
tion, inhibits EC growth through hypomethylation and 
cyclin A transcriptional inhibition. Hcy, but not cysteine, 
markedly increases the level of SAH, a potent inhibitor of 
cellular methylation in EC and has little effect on vascular 
smooth muscle cell (VSMC).42-44 Hcy also induces ex-
pression and acceleration of monocyte chemoauractant-
protein-1 (MCP-1) and interleukin-8 (IL-8) in human aor-
tic EC and causes a significant alteration in vascular reac-
tivity of pulmonary arteries.45 This alteration is via oxida-
tive stress in the pulmonary artery endothelium with sub-
sequent DNA damage and the activation of the poly 
(ADP-ribose) polymerase (PARP) pathway.46 Hcy sig-
nificantly inhibits the endothelium-dependent relaxation 
response to acetylcholine (ACh) in a dose-dependent 
manner, and decreases cGMP levels increased by ACh in 
the aorta.47 Hcy induces impairment of nitric oxide (NO, a 
potent vasodilator) production through the modulation of 
Cav-1 expression associated with a loss of the endothelial 
isoform of NO synthase in caveolae.48 Hcy can also in-
crease vascular endothelial growth factor (VEGF) expres-
sion 4.4-fold due to ATF4-dependent activation of VEGF 
transcription in the retinal-pigmented epithelial cell line 
ARPE-19.49 This leads to impaired synthesis of NO and 
other vasoactive substances, resulting in endothelial dys-
function.50 These biological mechanisms might represent 
an important mechanism for Hcy-induced arteriosclerosis. 

 
Stimulation of vascular smooth muscle cell proliferation 
Hcy affects the neural crest–derived SMC and their ex-
tracellular matrix proteins in the pharyngeal arch arteries, 
resulting in an abnormal smooth muscle that interacts with 
EC, leading to EC detachment. Similarly to what happens 
in adult life, increased Hcy concentrations leads to vascu-
lar damage in the embryo. This prenatal damage might 
increase the susceptibility to develop vessel pathology 
later in life.51 Hcy (0.01–0.25 mmol/L) significantly in-
creases the expression of interleukin-6 (IL-6) mRNA and 
proteins in rat VSMC. The ability of Hcy to elicit an in-
flammatory response in rat VSMC occurs through the 
stimulation of IL-6 production and activation of NF-κB.52, 

53 Activation of vessel wall inflammation by elevated Hcy 
may contribute to the pathogenesis of atherosclerosis. 
Hcy acts as a mitogen via a receptor-mediated effect, 
coupled to diacylglycerol production and protein kinase C 
activation in VSMC.54 Hcy can up-regulate the transcrip-
tion of c-fos and c-jun which mediates the expression of 
many cytokines, especially growth factors in the common 
carotid artery, and activates the essential transcription 
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factor AP-1 in the cell nucleus. As a consequence, 
autocrine and paracrine injury of the SMC is initiated 
with excess proliferation and differentiation of arterial 
SMC.55 Hcy significantly inhibits Ca2+- activated K+ 
channel (BKCa, a major factor mediating the degree of 
depolarization and contraction in vascular smooth muscle) 
currents in isolated human and rat artery SMC. The re-
duced and impaired BKCa by elevated Hcy levels might 
contribute to the abnormalities seen in vascular diseases.56 
The possible role of Hcy in the formation of atheroscle-
rotic lesions is through a direct proliferative effect on 
VSMC in a dose-dependent fashion.57 

 
Lipid dysregulation and oxidizing stress 
Hcy like sulfhydryl compounds can promote the oxidation 
of LDL, reduce the concentration of HDL cholesterol in 
plasma by inhibiting the hepatic synthesis of apoA-I, the 
main HDL apolipoprotein58 and increase the serum levels 
of malonyldialdehyde (MDA). Hcy induced lipid dysregu-
lation is an important mechanism linking Hcy to the de-
velopment of atherosclerosis. The oxidative stress result-
ing from elevated plasma Hcy can oxidize membrane 
lipids and proteins and stimulate the activation of NF- B, 
and consequently increases the expression of inflamma-
tory factors in vivo. Hcy can be converted to highly reac-
tive thiolactone which is able to react with proteins form-
ing -NH-CO- adducts, thus affecting body proteins and 
enzymes.59 Such an effect may contribute to atherogenesis 
by enhancing the inflammatory response of the vascular 
endothelium,60 Hcy and copper induces increased ex-
tracellular hydrogen peroxide, intracellular ROS and cel-
lular lipid peroxide levels.61 Prooxidant effect of Hcy on 
LDL at lower concentrations in the presence of Cu2+ was 
ascribed to the capacity of Hcy to reduce Cu2+ to Cu+ and 
cause LDL oxidation in vitro.62, 63 Hcy can promote pro-
tein oxidation and induce LDL protein modification via 
the induction of HMG-CoA reductase and nitration or via 
nitric oxide and copper which promotes LDL uptake by 
scavenger receptors. The autoxidation of Hcy in the pres-
ence of metal ions and oxygen has been shown to result in 
the generation of ROS, such as hydrogen peroxide.64 
Therefore the rate of the autoxidation process and the rate 
of generation of ROS available for oxidative reactions 
depends partly upon the concentration of Hcy and trace 
metal ions. Hcy-induced ROS can upregulate the expres-
sion and translocation of Ref-1 via NADPH oxidase. In 
turn, Ref-1 increases NF-κB activity and MCP-1 secretion 
in human monocytes/macrophages, which may accelerate 
the development of atherosclerosis.65 

 
Platelet activation and thrombosis activation 
Hcy can enhance the self-oxidation of LDL. Ox-LDL 
affects the synthesis of nitric oxide and the activity of 
thrombin equestron which leads to further injury of endo-
dermis function.66 Destroying the vascular endothelial cell 
(VEC) and aggregation of icky blood results in throm-
bopoiesis. Thrombosis activation might be responsible for 
the increased incidence of both arterial and venous 
thrombosis in human HHcy.67 In humans, plasma Hcy 
affects clot permeability and resistance to lysis, most 
likely by a mechanism involving fibrinogen modification 
via HTL. Alteration in the balance between blood clotting 

and fibrinolysis induced by Hcy leads to an increase in 
blood viscosity. Hcy decreases the largest von Willebrand 
factor (a thrombophilic protein) multimers in women with 
thrombosis,68 and the activity of thrombomodulin, the 
thrombin cofactor responsible for protein C activation in 
the aorta in monkeys.69 Hcy can initiate coagulation by 
the TF pathway (through a mechanism involving the free 
thiol group of the amino acid and by TF gene transcrip-
tion70), enhancement in the activity of blood coagulation 
factor VII and VI, suppression of the activity of pro-
teinum C and inhibition of the combining of tissue plas-
minogen activator (t-PA) to EC.71, 72 Hcy alters the anti-
coagulant properties of EC to a procoagulant phenotype, 

which may contribute to cerebral infarction in patients 
with HHcy.73 Hcy activates platelets in humans and rats74, 

75 and affects platelet aggregation and the activity of 
blood coagulation factor-V via increased thromboxane B2 
(TXB2) and prostaglandin B2 (PGB2) induced by hydro-
sulfuryl-lactone.76 The alteration of the metabolism of 
arachidonic acid (AA) induced by Hcy leads to an in-
crease in the synthesis of thromboxane A2 (TXA2), which 
promotes vasoconstriction and platelet aggregation, both 
in the arteriolar endothelium and platelets. By promoting 
vascular constriction and platelet aggregation simultane-
ously, these alterations are likely to contribute to the 
atherothrombotic vascular diseases described in HHcy.73 

Perturbation of vascular coagulant mechanisms may con-
tribute to the thrombotic tendency seen in patients with 
homocystinuria. The formation of clots from plasma or 
fibrinogen could directly contribute to the increased risk 
of thrombosis in HHcy.77 

 
Teratogenic action 
Although a number of congenital defects are known to be 
the result of chromosomal aberrations, a major proportion 
of congenital malformation appears to be the result of 
environmental factors including nutritional deficiency or 
toxicity.78 Hcy also contributes to the occurrence of con-
genital defects. Treatment of avian embryos with doses of 
0.5-20 µM exogenous Hcy per embryo resulted in physio-
logical increases of Hcy in the embryonic serum and pro-
duced heart and neural tube defects that were typical of 
folate deficiency, in a dose- and time-dependent fashion.78 
Several studies have suggested that neural crest cells 
might be particularly susceptible to the teratogenic effects 
of Hcy.78, 79 Hcy directly disrupts normal neural crest cell 
formation in vivo and Hcy treatment decreased the num-
ber of these cells and increased the number of neural tube 
cells.80 Hcy-induced defects are mediated by the inhibi-
tion of the N-methyl-D-aspartate (NMDA) receptors 
found on neural crest cells.81 Hcy treatment disrupts nor-
mal development of avian embryos; and this effect is pre-
vented by retinoic acid. Limpach first suggested that Hcy-
induced congenital defects are due to the specific ability 
of Hcy to inhibit the conversion of retinal to retinoic acid. 
HHcy is frequently associated with congenital defects of 
the heart and neural tube and is also a suspected patho-
genic factor in atherosclerosis and neoplasia.82 

 
Monocyte activation and inflammatory reaction 
Pathophysiological levels of Hcy alters EC function by 
upregulating MCP-1 and IL-8 expression and secretion.83- 
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85 MCP-1 is a potent chemokine that stimulates the      
migration of monocytes into the intima of the arterial wall. 
MCP-1 enhances the binding of monocytes to the endo-
thelium and their recruitment to the sub-EC space. The 
infiltration of monocytes into the arterial wall is one of 
the key events during atherogenesis.86 Considering that 
Hcy increases MCP-1 secretion from isolated monocytes 
in response to low-dose lipopolysaccharide (LPS),85 Hcy 
stimulates monocyte series Mac 6 (MM6) and PBMC13 
and VSMC, and consequently produces IL-6.87 Hcy in-
creases vascular cell adhesion molecule (VCAM)-1 

mRNA expression in HAEC. Coincubation of HAECs 
with Hcy and TNF-  synergistically elevated monocyte 
adhesion as well as VCAM-1 protein expression.88 Hcy 
can also increase intercellular adhesion molecule 
(ICAM)-1 and P-selectin in vena mesenterica and in the 
aorta.89, 90 It also plays an important role in the activation 
of NF B and formation of nitrotyrosine in the aorta.60 Hcy 
may contribute to atherogenesis by enhancing the respon-
siveness of monocytes to inflammatory stimuli and pro-
moting leukocyte recruitment into atherosclerotic 
plaque.91 
 
Endoplasmatic reticulum stress and unfolded protein 
response 
Endoplasmatic reticulum (ER) stress and unfolded protein 
response (UPR) is one of the proposed Hcy toxicity 
mechanisms. The cellular consequence of protein modifi-
cation with Hcy is ER stress, a condition in which un-
folded proteins accumulate in the ER lumen under 
physiological or pharmacological ER stresses such as a 
block in protein glycosylation, expression of mutated pro-
teins, or disturbance of calcium homeostasis. The ER is a 

critical cellular compartment responsible for proper local-
ization and folding of transmembrane and secreted pro-
teins.92 Disruption of protein folding and maturation acti-
vates the UPR, a signaling pathway that results in in-
creased expression of UPR responsive genes, reduced 
global protein translation and unfolded protein degrada-
tion.4 CBS-deficiency in mice liver significantly increases 
expression of genes induced by ER stress and genes that 
regulate the expression of enzymes required for choles-
terol and fatty acid biosynthesis and uptake, notably the 
scavenger receptor class B type I (SR-BI), concomitant 
with overexpression of SR-BI at the protein level.93 Hcy 
induces the expression of GRP78 mRNA and activates 
PERK in VSMCs, and these responses can be observed 
during ER stress.94 Upon exposure to chemical inducers 
of ER stress, VEGF expression is increased. Hcy also 
decreases extracellular superoxide dismutase (EC-SOD) 
mRNA expression and protein secretion, a glycoprotein 
that protects the vascular wall from oxidative stress.4 
 
Prevention and treatment of hyperhomocysteinemia 
Because the prevalence of HHcy ranges from 20% to 40% 
in different populations with CAD, therapeutic control of 
elevated Hcy concentrations may be important in the pre-
vention of premature vascular disease. Lowering plasma 
Hcy can improve endothelial function, a marker of 
atherothrombotic risk.95, 96As for therapeutic options, se-
vere and moderate HHcy can be treated with vitamin sup-
plements of folate, B6 and B12.97-99 Lower plasma concen-
trations of folate, vitamins B12

 and B6, older age, being 
male, and living in urban areas were all independently 
associated with elevated Hcy, with low folate as the 
strongest determinant.100-102 Folate supplementation (0.5 

 

 
 
Figure 2. Proposed cardiovascular pathogenesis of hyperhomocysteinemia. HHcy: Hyperhomocysteinemia; EC: Endothelial 
cell; VSMC: Vascular smooth muscle cell; ER: Endoplasmatic reticulum. 
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to 5 mg/day) significantly reduces Hcy concentration by 
25% in patients with mild to moderate HHcy.118 Hcy-
induced vascular dysfunction is more severe in the pres-
ence of low folate.103 Supplementation with vitamin B12 
produces a small additional effect (7%), whereas vitamin 
B6 treatment alone only reduces post-methionine load 
concentrations.104 Daily administration of the combination 
of folic acid, vitamin B6, and vitamin B12 lowers Hcy lev-
els significantly but does not reduce the incidence of the 
primary outcome, which is the composite of death from 
cardiovascular causes, myocardial infarction, and stroke. 
105 Individuals with HHcy secondary to renal disease 
commonly require significantly higher doses of folic acid 
to achieve maximal therapeutic effect.106 [6S]-5-
methyltetrahydrofolate was shown to be an adequate al-
ternative to folic acid in reducing Hcy concentrations.107 

Betaine (trimethylglycine) reduces fasting Hcy by 12% 
to 20% without altering folate levels. Betaine is a methyl 
donor agent that is beneficial in lowering Hcy through the 
remethylation of methionine. Betaine therapy alone has 
been shown to prevent vascular events in HHcy and may 
have clinical benefits in other hyperhomocysteinemic 
disorders when used as an adjunctive therapy.108 Choline, 
a precursor to betaine, decreases fasting and post-
methionine load Hcy levels. However, both betaine and 
choline can have an adverse impact on lipid profiles.6 

Ginsenoside Rg3, one of the active ingredients in 
Panax ginseng, has been found to significantly and dose-
dependently inhibit Hcy-induced hippocampal cell death, 
with an EC50 value of 28.7 ± 7.5 μM. Ginsenoside Rg3 
treatment not only significantly reduced Hcy-induced 
DNA damage, but also dose-dependently attenuated Hcy-
induced caspase-3 activity in vitro.109 Plasma Hcy demon-
strated a significant positive correlation with adrenic acid 
(22:4n–6) (r = 0.188, p = 0.018) and a negative correla-
tion with 22:6n–3 (r = –0.277, p = 0.001) and the ratio of 
n–3/n–6 (r =–0.231, p = 0.003). An increased ratio of n–
3/n–6 PUFA in platelet phospholipid is associated with 
decreased thrombotic risks such as plasma Hcy in middle 
aged and geriatric hyperlipaemia patients.110 The mecha-
nism that might explain the association between plasma 
22:6n–3 and Hcy levels is not clear.111, 112 There are stud-
ies currently being conducted with the aim to demonstrate 
why and how n–3 PUFA decreases the concentration of 
Hcy in blood. 
 
CONCLUSIONS 
Cardiovascular pathogenesis of hyperhomocysteinemia is 
a complicated process (Figure 2). Possible explanations 
include direct toxicity of Hcy on tissues, low SAM or 
high SAH, thrombotic events triggered by the stimulation 
of procoagulant factors and suppression of anticoagulant 
factors and platelet activation, enhanced oxidative stress, 
SMC proliferation, formation of ROS, hypomethylation, 
induction of UPR and extracellular matrix modification. 
The mechanism for which Hcy increases the risk of car-
diovascular events still remains a mystery in many as-
pects. More studies are needed to elucidate this significant 
relationship. 
 
 
 

AUTHOR DISCLOSURES 
Tao Huang, Gaofeng Yuan, Zhiguo Zhang, Zuquan Zou and 
Duo Li, no conflicts of interest. 
 
REFERENCES 
1. Vigneaud V du, Meyer CE. The racemization of amino 

acids in aqueous solution by acetic anhydride. J Biol Chem. 
1932;295-308. 

2. McCully KS. Vascular pathology of homocysteinemia 
implication for the pathogenesis of arteriosclerosis. Am J 
Pathol. 1969;56:111-l28. 

3. Ueland PM, Refsum H, BrattstroÃm L. Plasma homocys-
teine and cardiovascular disease. In: RBJ Francis (ed). 
Atherosclerotic Cardiovascular Disease, Hemostasis and 
Endothelial Function. New York: Marcel Dekker. 1992; 
183-236. 

4. Kaul S, Zadeh AA, Shah PK. Homocysteine hypothesis for 
atherothrombotic cardiovascular disease, not validated. J 
Am Colle Cardiol. 2006;48:914-923. 

5. Dinleyici EC, Kirel B, Alatas O, Muslumanoglu H, Kilic Z, 
Dogruel N. Plasma total homocysteine levels in children 
with type 1 diabetes: Relationship with vitamin status, me-
thylene tetrahydrofolate reductase genotype, disease pa-
rameters and coronary risk factors. J Tropical Pediatrics. 
2006;52:260-266. 

6. Moat SJ, Larig D, McDowell FW, Clarke ZL, Madhavan 
AK, Lewis MJ, Goodfellow J. Folate, homocysteine, endo-
thelial function and cardiovascular disease. J Nutr Biochem. 
2004;15:64-79. 

7. Faraci FM. Hyperhomocysteinaemia a million ways to lose 
control. Arterioscler Thromb Vasc Biol. 2003;23:371-373. 

8. Refsum H, Smith AD, Ueland PM, Nexo E, Clarke R, 
McPartlin J, et al. Facts and recommendations about total 
homocysteine determinations an expert opinion. Clin Chem. 
2004;50:30-32. 

9. Ueland PM, Refsum H, Stabler SP, Malinow MR, Anders-
son A, Allen RH. Total homocysteine in plasma or serum: 
methods and clinical applications. Clin Chem. 1993;39: 
1764-1779. 

10. Fenton W, Rosenberg LE. Inherited disorders of cobalamin 
transport and metabolism. In: Scriver CR, Beaudet AL, Sly 
WS, Valle D. The Metabolic and Molecular Basis of Inher-
ited Disease. New York, NY: McGraw-Hill Publishing Co; 
1995.p.3129-3150.  

11. Rosenblatt DS. Inherited disorders of folate transport and 
metabolism. In: Scriver CR, Beaudet AL, Sly WS, Valle D, 
eds. The Metabolic and Molecular Basis of Inherited Dis-
ease. New York, NY: McGraw-Hill Publishing Co; 1995.p. 
3111-3128.  

12. Hamelet J, Demuth K, Paul JL, Delabar JM, Janel N. Hy-
perhomocysteinemia due to cystathionine beta synthase de-
ficiency induces dysregulation of genes involved in hepatic 
lipid homeostasis in mice. J Hepato. 2007;46:151-159. 

13. Katsushima F, Oliveriusova J, Sakamoto O, Ohura T, 
Kondo Y, Iinuma K, Kraus E, Stouracova R, Kraus JP. Ex-
pression study of mutant cystathionine β-synthase found in 
Japanese patients with homocysteinemia. Mol Genet Me-
tab. 2006;87:323-328. 

14. Pezzini A, Del Zotto E, Padovani A. Homocysteine and 
cerebral ischemia: pathogenic and therapeutical implica-
tions. Curr Med Chem. 2007;14:249-253. 

15. Klerk M, Verhoef P, Clarke R, Blom HJ, Kok FJ, Schouten 
EG. MTHFR Studies Collaboration Group, MTHFR 677C 
→T polymorphism and risk of coronary heart disease a 
meta-analysis. JAMA. 2002;288:2023-2031. 

 
 



T Huang, G Yuan, Z Zhang, Z Zou and D Li                                                           13 
 

16. Wang XL, Duarte N, Cai H, Adachi T, Sim AS, Cranney G, 
Wilcken DL. Relationship between total plasma homocys-
teine, polymorphisms of homocysteine metabolism related 
enzymes, risk factors and coronary artery disease in the 
Australian hospital-based population. Atherosclero-
sis. 1999;146:133-140. 

17. Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg IH. 
Vitamin status and intake as primary determinants of ho-
mocysteinemia in an elderly population. JAMA. 1993;270: 
2693-2698. 

18. Baines M, Kredan MB, Usher J, Davison A, Higgins G, 
Taylor W, West C, Fraser WD, Ranganath LR. The asso-
ciation of homocysteine and its determinants MTHFR 
genotype, folate, vitamin B12 and vitamin B6 with bone 
mineral density in postmenopausal British women. 
Bone. 2007;40:730-736. 

19. Wang H. Mechanisms in homocysteine-induced vascular 
disease. Drug Discovery Today. 2005;2:25-31. 

20. Boers GH, Smals AG, Trijbels FJ, Fowler B, Bakkeren JA, 
Schoonderwaldt HC, et al. Heterozygosity for homocystin-
uria in premature peripheral and cerebral occlusive arterial 
disease. N Engl J Med. 1985;313:709-715.    

21. Mueller T, Furtmueller B, Aigelsdorfer J, Luft C, Poelz W, 
Haltmayer M. Total serum homocysteine-a predictor of ex-
tracranial carotid artery stenosis in male patients with 
symptomatic peripheral arterial disease. Vasc Med. 2001;6: 
163-167.        

22. Podda GM, Lussana F, Moroni G, Faioni EM, Lombardi R, 
Fontana G, Ponticelli C, Maioli C, Cattaneo M. Abnormali-
ties of homocysteine and B vitamins in the nephritic syn-
drome. Thromb Res 2007; In Press. 

23. Van der Molen EF, Verbruggen B, Novakova I, Eskes TK, 
Monnens LA, Blom HJ. Hyperhomocysteinemia and other 
thrombotic risk factors in women with placental vasculopa-
thy. BJOG. 2000;107(6):785-791.      

24. Galdieri LC, Arrieta SR, Silva CMC, Pedra CAC, Almeida 
VD. Homocysteine concentrations and molecular analysis 
in patients with congenital heart defects. Arch Med Res. 
2007;38:212-218. 

25. McCaddon A, Davies G, Hudson P, Tandy S, Cattell H. 
Total serum homocysteine in senile dementia of Alzheimer 
type. Int J Geriatr Psychiatry. 1998;13:235-239. 

26. Masaki T, Anan F, Anai M, Higuchi K, Tsubone T. Hyper-
homocysteinemia is associated with visceral adiposity in 
Japanese patients with type 2 diabetes mellitus. Diabetes 
Res Clin Pract 2007; In Press. 

27. Herrmann W, Herrmann M, Obeid R. Hyperhomocystein-
aemia: a critical review of old and new aspects. Current 
Drug Metab. 2007;8:17-31. 

28. Ygård O, Nordrehaug JE, Refsum H, Ueland PM, Farstad 
M, Vollset SE. Plasma homocysteine levels and mortality 
in patients with coronary artery disease. N Engl J Med. 
1997;337:230-236. 

29. Asfar S, Safar HA. Homocysteine levels and peripheral 
arterial occlusive disease: a prospective cohort study and 
review of the literature. J Cardiovasc Surg (Torino). 2007; 
48:601-605. 

30. Majors A, Ehrhart LA, Pezacka EH. Homocysteine as a 
risk factor for vascular disease. Arterioscler Thromb Vasc 
Biol. 1997;17:2074-2081. 

31. Verhoef P, Stampfer MJ, Buring JE, Gaziano JM, Allen 
RH, Stabler SP, Reynolds RD, Kok FJ, Hennekens CH, 
Willett WC. Homocysteine metabolism and risk of myo-
cardial infarction: relation with vitamins B6, B12 and folate. 
Am J Epidemiol. 1996;143:845-849. 

32. Omara S, Ghorbelb IB, Fekic H, Souissi M. Hyperhomo-
cysteinemia is associated with deep venous thrombosis of 

the lower extremities in Tunisian patients. Clin Biochem. 
2007;40:41-45. 

33. Oger E, Lacut K, Le Gal G, Couturaud F, Guenet D, 
Abalain JH, Roguedas AM, Mottier D. Hyperhomocys-
teinemia and low B vitamin levels are independently asso-
ciated with venous thromboembolism: results from the 
EDITH study: a hospital-based case-control study. J 
Thromb Haemost. 2006;4:793-797. 

34. Ernest S. Homocysteine levels in A/J and C57BL/6J mice: 
genetic, diet, gender, and parental effects. Physiological 
Genomics. 2005;21:404-410. 

35. Oger E, Lacut K, Le Gal G, Couturaud F, Abalain JH, 
Mercier B, Mottier D. Interrelation of hyperhomocysteine-
mia and inherited risk factors for venous thromboembolism. 
Results from the E.D.I.TH. study: A hospital-based case–
control study. Thromb Res. 2007;120(2):207-214. 

36. Faeh D, Chiolero A, Paccaud F. Homocysteine as a risk 
factor for cardiovascular disease: should we (still) worry 
about it? Swiss Med Wkly. 2006;136:745-756. 

37. McGuigan AP, Sefton MV. The influence of biomaterials 
on endothelial cell thrombogenicity. Biomaterials. 2007;28: 
2547-2571. 

38. Ramzy D, Rao V, Tumiati LC, Xu N, Sheshgiri R. Endo-
thelin-1 accentuates the proatherosclerotic effects associ-
ated with C-reactive protein. J Thoracic Cardiovasc Surg. 
2007;133:1137-1146. 

39. Zhang HS, Cao EH, Qin JF. Homocysteine induces cell 
cycle G1 arrest in endothelial cells through the PI3K/ 
Akt/FOXO signaling pathway. Pharmacology. 2005;74: 
57-64.  

40. Lee SJ, Kim KM, Namkoong S, Kim CK, Kang YC, Lee H, 
et al. Nitric oxide inhibition of homocysteine-induced hu-
man endothelial cell apoptosis by down-regulation of p53-
dependent Noxa expression through the formation of S-
nitrosohomocysteine. J Biol Chem. 2005;280:5781-5788.  

41. Shastry S, Tyagi SC. Homocysteine induces metallopro-
teinase and shedding of beta-1 integrin in microvessel en-
dothelial cells, J Cell Biochem. 2004;93:207-213.  

42. Wang H, Jiang XH, Yang F, Chapman GB, Durante W, 
Sibinga ES, Schafer AI. Cyclin A transcriptional suppres-
sion is the major mechanism mediating homocysteine-
induced endothelial cell growth inhibition. Blood. 2002;99: 
939-945.  

43. Wang H, Yoshizumi M, Lai K, Tsai JC, Perrella MA, 
Haber E, Lee ME. Inhibition of growth and p21 ras methy-
lation in vascular endothelial cells by homocysteine but not 
cysteine. J Biol Chem. 1997;272:25380-25385. 

44. Drunat S, Moatti N, Demuth K. Homocysteine decreases 
endothelin-1 expression by interfering with the AP-1 sig-
naling pathway. Free Radic Biol Med. 2002;33:659-668. 

45. Podder R, Sivamnanian N, Dibeno PM, Robinson K, 
Jacobsen DW. Homocysteine Induces Expression and Se-
cretion of Monocyte Chemoattractant Protein-1 and Inter-
leukin-8 in Human Aortic Endothelial Cells. Circulation. 
2001;l03:2717-2723. 

46. Tasatargil A, Sadan G, Karasu E. Homocysteine-induced 
changes in vascular reactivity of guinea-pig pulmonary ar-
teries: Role of the oxidative stress and poly (ADP-ribose) 
polymerase activation. Pulm Pharmacol Ther. 2007;20: 
265-272. 

47. Zhang BQ, Hu SJ, Qiu LH, Zhu JH, Xie XJ, Sun J, Zhu ZH, 
Xia Q, Bian K. Effects of Astragalus membranaceus and its 
main components on the acute phase endothelial dysfunc-
tion induced by homocysteine. Vascul Pharmacol. 2007;46: 
278-285. 

 
 



14                                                    Hyperhomocysteinemia and cardiovascular disease 

48. Meye C, Schumann J, Wagner A, Gross P. Effects of ho-
mocysteine on the levels of caveolin-1 and eNOS in caveo-
lae of human coronary artery endothelial cells. 
Atherosclerosis. 2007;190:256-263. 

49. Perla-Kaja´n J, Twardowski T, Jakubowski H. Mechanisms 
of homocysteine toxicity in humans. Amino Acids. 2007; 
In Press 

50. Castro R, Rivera I, Blom HJ, Jakobs C. Homocysteine 
metabolism, hyperhomocysteinaemia and vascular disease: 
An overview. J Inherit Metab Dis. 2006;29:3-20. 

51. Boot MJ, Steegers-Theunissen RPM, Poelmann RE, van 
Iperen L, Gittenberger-de Groot AC. Homocysteine in-
duces endothelial cell detachment and vessel wall thicken-
ing during chick embryonic development. Circ Res. 2004; 
94:542. 

52. Li Zhang. Homocysteine stimulates nuclear factor κB ac-
tivity and interleukin-6 expression in rat vascular smooth 
muscle cells. Cell Biol Int. 2006;30:592-597. 

53. Van Akon BE, Jansen J, Deventer SJ, Reitsma PH. Ele-
vated levels of homocysteine increase IL-6 production in 
monocytic cells. Blood Coagul Fibrinoiysis. 2000;11:159-
164. 

54. Rasmussen LM, PR Hansen, T Ledet. Homocystine and the 
production of collagens proliferation and apoptosis in hu-
man arterial smooth muscle cells. Acta Pathologica Micro-
biol Immunol Scandinavica. 2004;112:599-604. 

55. Chen C, Halkos ME, Surowiec SM, Conklin BS, Lin PH, 
Lumsden AB. Effects of homocysteine on smooth muscle 
cell proliferation in both cell culture and artery perfusion 
culture models. J Surg Res. 2000;88:26-33. 

56. Cai BZ, Gong DM, Pan ZW, Liu Y, Qian H, Zhang Y, Jiao 
JD, Lu YJ, Yang BF. Large-conductance Ca2+-activated 
K+ currents blocked and impaired by homocysteine in hu-
man and rat mesenteric artery smooth muscle cells. Life Sci. 
2007; In Press 

57. Carmody BJ, Arora S, Avena R, Cosby K, Sidawy AN. 
Folic acid inhibits homocysteine-induced proliferation of 
human arterial smooth muscle cells. J Vasc Surg. 1999;30: 
1121-1128. 

58. Barter PJ, Rye KA. Homocysteine and cardiovascular dis-
ease: is HDL the link? Circ Res. 2006;99:565-566. 

59. Ramakrishnan R, Sulochana S, Lakshmi KN, Selvi S, An-
gayarkanni R. Biochemistry of homocysteine in health and 
diseases. Indian J Biochem Biophys. 2006;43:275-283. 

60. Zhang RF, Mild MJ. Hyperhomocysteinemia induced by 
feeding rats diets rich in methionine or deficient in folate 
promotes early. J Nutr. 2004;134:825-830. 

61. Endo N, Nishiyama K, Okabe M, Matsumoto M, Kanouchi 
H, Oka T. Vitamin B6 suppresses apoptosis of NM-1 bo-
vine endothelial cells induced by homocysteine and copper. 
Biochim Biophys Acta. 2007;1770:571-577. 

62. Nakano E, Williamson MP, Williams NH, Powers HJ. 
Copper-mediated LDL oxidation by Hcy and related com-
pounds depends largely on copper ligation. Biochim Bio-
phys Acta. 2004;1688:33-42.  

63. Exner M, Hermann M, Hofbauer R, Hartmann B, Kapiotis 
S, Gmeiner B. Hcy promotes the LDL oxidase activity of 
ceruloplasmin. FEBS Lett. 2002;531:402-406.  

64. Konukoglu D, Serin O, Ercan M, Turhan MS. Plasma Hcy 
levels in obese and non-obese subjects with or without hy-
pertension; its relationship with oxidative stress and copper. 
Clin Biochem. 2003;36:405-408.  

65. Dai J, Li W, Chang L, Zhang ZM, Tang CS, Wang NP, 
Zhu Y, Wang X. Role of redox factor-1 in hyperhomocys-
teinemia-accelerated atherosclerosis. Free Radic Bio Med. 
2006;41:1566-1577. 

66. Reiner AP, Kumar PN, Schwartz SM, Longstreth WT, 

Pearce RM, Rosendaal FR, Psaty BM, Siscovick DS. Ge-
netic variants of platelet glycoprotein receptors and risk of 
stroke in young women. Stroke. 2000;31:1628-1633. 

67. Guba SC, Fonseca V, Fink LM. Hyperhomocysteinemia 
and thrombosis. Semin Thromb Hemost. 1999;25:291-309.  

68. Paolo P, Amato S, Minniti G, et al. von Willebr and factor 
multimer composition is modified following oral methion-
ine load in women with thrombosis, but not in healthy 
women. Blood Coagul Fibrinolysis. 2005;16:267-273.  

69. Lentz SR, Sobey CG, Piegors DJ, Bhopatkar MY, Faraci 
FM, Malinow MR, Heistad DD. Vascular dysfunction in 
monkeys with diet-induced hyperhomocyst(e)inemia. J 
Clin Invest. 1996;98:24-29.  

70. Fryer RH, Wilson BD, Gubler DB, Fitzgerald LA, Rodgers 
GM. Homocysteine, a risk factor for premature vascular 
disease and thrombosis, induces tissue factor activity in en-
dothelial cells. Arterioscler Thromb Vasc Biol. 1993;13: 
1327-1333. 

71. Hajjar KA. Homocysteine-induced modulation of tissue 
plasminogen activator binding to its endothelial cell mem-
brane receptor. J Clin Invest. 1993;91:2873-2879. 

72. Lentz SR, Sadler JE. Inhibition of thrombomodulin surface 
expression and protein C activation by the thrombogenic 
agent homocysteine. J Clin Invest. 1991; 88:1906-1914. 

73. Ungvari Z, Sarkadi-Nagy E, Bagi Z, Szollár L, Koller A. 
Simultaneously increased TxA2 activity in isolated arteri-
oles and platelets of rats with hyperhomocysteinemia. Arte-
rioscler Thromb Vasc Biol. 2000;20:l203-l208. 

74. Durand P, Lussier-Cacan S, Blache D. Acute methionine 
load-induced hyperhomocysteinemia enhances platelet ag-
gregation, thromboxane biosynthesis, and macrophage-
derived tissue factor activity in rats. FASEB. 1997;11: 
1157-1168.  

75. Riba R, Nicolaou A, Troxler M, Vaniasinkam SH, Naseem 
KM. Altered platelet reactivity in peripheral vascular dis-
ease complicated with elevated plasma homocysteine levels. 
Atherosclerosis. 2004;75: 69-75. 

76. Stamler JS, Osborne JA, Jaraki O, Rabbani LE, Mullins M, 
Singel D, Loscalzo J. Adverse vascular effects of homocys-
teine are modulated by endothelium derived relaxing factor 
and related oxides of nitrogen. J Clin Invest. 1993;9:308-
3l8. 

77. Undas A, Brozek J, Jankowski M, Siudak Z, Szczeklik A, 
Jakubowski H. Plasma homocysteine affects fibrin clot 
permeability and resistance to lysis in human subjects. Ar-
terioscler Thromb Vasc Biol. 2006;26:1397-1404. 

78. Rosenquist TH, Ratashak SA, Selhub J. Homocysteine 
induces congenital defects of the heart and neural tube: ef-
fect of folic acid. Proc Natl Acad Sci USA. 1996;93: 
15227-15232.  

79. Wenstrom KD, Joahnning G.L, Johnston KE, DuBard M. 
Association of the C677T methylenetetrahydrofolate reduc-
tase mutation and elevated homocysteine levels with con-
genital cardiac malformations. Am J Obstet Gynecol. 2001; 
184:806-817.  

80. Tierney BJ, Ho T, Reedy MV, Brauer PR. Homocysteine 
inhibits cardiac neural crest cell formation and morpho-
genesis in vivo. Dev Dyn. 2004;1:63-73.  

81. Bennett GD, Moser K, Chaudoin T, Rosenquist TH. The 
expression of the NR1-subunit of the NMDA receptor dur-
ing mouse and early chicken development. Reprod Toxicol. 
2006;22:536-541. 

82. Limpach A. Dalton M, Miles R, Gadson P. Homocysteine 
inhibits retinoic acid synthesis: A mechanism for 
homocysteine-induced congenital defects. Exp Cell Res. 
2000;260:166-174. 

 



T Huang, G Yuan, Z Zhang, Z Zou and D Li                                                           15 
 

83. Zeng XK, Dai J, Remick DG, Wang X. Homocysteine 
mediated expression and secretion of monocyte chemoat-
tractant protein-1 and interleukin-8 in human monocytes. 
Circ Res. 2003;93:311-320. 

84. Poddar R, Sivasubramanian N, DiBello PM, Robinson K, 
Jacobsen DW. Homocysteine induces expression and secre-
tion of m onocyte chemo attractant protein-1 and inter-
leukin-8 in human aortic endothelial cells: implications for 
vascular disease. Circulation. 2001;103:2717-2723.  

85. Wang G, Dai J, Mao J, Zeng X, Yang X, Wang X. Folic 
acid reverses hyper-responsiveness of LPS-induced 
chemokine secretion from monocytes in patients with hy-
perhomocysteinemia. Atherosclerosis. 2005;179:395-402.  

86. Sung FL, Siow YL, Wang GP, Lynn EG, Karmin O. Ho-
mocysteine stimulates the expression of monocyte 
chemoattractant protein-1 in endothelial cells leading to 
enhanced monocyte chemotaxis. Biomed Life Sci. 2004; 
216:121-128. 

87. Zhang L, Jin M, Hu XS, Zhu JH. Effect of homocysteine 
on expression of interleukin-6 and NF-kappa B activity in 
cultured rat vascular smooth muscle cell. Cell Biol Int. 
2006;30:592-597.  

88. Silverman MD, Tumuluri RJ, Davis M, G Lopez, 
Rosenbaum JT, Lelkes PI. Homocysteine upregulates vas-
cular cell adhesion molecule-1 expression in cultured hu-
man aortic endothelial cells and enhances monocyte adhe-
sion arteriosclerosis. Arterioscler Thromb Vasc Biol. 
2002;22:587-592. 

89. Su TC, Jing JS, Wang JD, Torng PL, Chang SJ, Chen CF, 
Liau CS. Homocysteine, circulating vascular cell adhesion 
molecule and carotid atherosclerosis in postmenopausal 
vegetarian women and omnivores. Atherosclerosis. 2006; 
184:356-362. 

90. Postea O, Krotz F, Henger A, Keller C, Weiss N. Stereo-
specifie and redox sensitive increase in monocyte adhesion 
to endothelial cells by homocysteine. Arterioscler Thromb 
Vasc Biol. 2006;26:508-512. 

91. Poddar R, Sivasubramanian N, DiBello PM, Robinson K, 
Jacobsen DW. Homocysteine induces expression and secre-
tion of monocyte chemoattractant protein-1 and inter-
leukin-8 in human aortic endothelial cells. Circulation. 
2001;103:2717-2721. 

92. Murakami T, Hino SI, Saito A. Endoplasmic reticulum 
stress response in dendrites of cultured primary neurons. 
Neuroscience. 2007;14:1-8. 

93. Hamelet J, Demuth K, Paul JL. Hperhomocysteinemia due 
to cystathionine beta synthase deficiency induces dysregu-
lation of genes involved in hepatic lipid homeostasis in 
mice. J Hepato. 2007;46:151-159. 

94. Nonaka H, Tsujino T, Watari Y, Emoto N, Yokoyama 
M .Taurine prevents the decrease in expression and secre-
tion of extracellular superoxide dismutase induced by ho-
mocysteine: amelioration of homocysteine-induced endo-
plasmic reticulum stress by taurine. Circulation. 2001; 
104:1165-1170. 

95. Chambers JC, Ueland PM, Obeid OA, Wrigley J, Refsum 
H, Kooner JS. Improved vascular endothelial function after 
oral B vitamins: an effect mediated through reduced con-
centrations of free plasma homocysteine. Circulation. 2000; 
102:2479-2483.  

96. Title LM, Cummings PM, Giddens K, Genest JJ, Nassar 
BM. Effect of folic acid and antioxidant vitamins on endo-
thelial dysfunction in patients with coronary artery disease. 
J Am Coll Cardiol. 2000;36:758-765.  

97. Yap S, Naughten ER, Wilcken B, Wilcken DEL, Brenton 
DP, Lee PJ, Walter JH, Howard PM, Naughten ER. Vascu-
lar complications of severe hyperhomocysteinemia in pa-

tients with homocystinuria due to cystathionine beta-
synthase deficiency: effects of homocysteine-lowering 
therapy. Semin Thromb Hemost. 2000;26:335-340.  

98. Heijer M den, Brouwer IA, Bos GMJ, Blom HJ, Put MJ 
van der, Spaans AP, et al. Vitamin supplementation re-
duces blood homocysteine levels: a controlled trial in pa-
tients with venous thrombosis and healthy volunteers. Arte-
rioscler Thromb Vasc Biol. 1998;18:356-361.  

99. Amy LY, Harvey LL. The use of betaine in the treatment of 
elevated homocysteine. Mol Genet Metab 2006; 88:201-
207. 

100. Ling H. High prevalence of hyperhomocysteinemia in chi-
nese adults is associated with low folate, vitamin B-12, and 
vitamin B-6 status. The American Society for Nutrition. J 
Nutr. 2007;137:407-413. 

101. Clarke R, Smith AD, Jobst KA, Refsum H, Sutton L, Ue-
land PM. Folate, Vitamin B12, and serum total homocys-
teine levels in confirmed Alzheimer Disease. Arch Neu-
rol.1998;55:1449-1455. 

102. Bergen C, Compher C. Total homocysteine concentration 
and associated cardiovascular and renal implications in 
Adults. J Cardiovasc Nurs. 2006;21:40-46. 

103. Griend R, Biesma DH, Haas FJ, Faber JAJ, Duran M, 
Meuwissen OJATH, Banga JD. The effect of different 
treatment regimens in reducing fasting and postmethionine-
load homocysteine concentrations. J Intern Med. 2000;248: 
223-229. 

104. Symons JD, Rutledge JC, Simonsen U, Pattathu RA. Vas-
cular dysfunction produced by hyperhomocysteinemia is 
more severe in the presence of low folate. Am J Physiol 
Heart Circ Physiol. 2006;290:H181-H191. 

105. Lonn E, Yusuf S, Arnold MJ, Sheridan P, Pogue J, Micks 
M, McQueen MJ, Probstfield J, Held C, Genest J. The 
heart outcomes prevention evaluation (HOPE) 2 investiga-
tors. Homocysteine lowering with folic acid and B Vita-
mins in vascular disease. N Engl J Med. 2006;355:746-750. 

106. Donnell JO, Perry DJ. Pharmacotherapy of hyperhomocys-
teinemia in patients with thrombophilia. Expert Opin 
Pharmacother. 2002;3:1591-1598.  

107. Lamers Y, Prinz-Langenohl R, Moser R, Pietrzik K. Sup-
plementation with [6S]-5-methyltetrahydrofolate or folic 
acid equally reduces plasma total homocysteine concentra-
tions in healthy women. Am J Clin Nutr. 2004;79:473-478. 

108. Toohey JI. Vitamin B12 and methionine synthesis: A criti-
cal review. Is nature’s most beautiful cofactor misunder-
stood? Biofactors. 2006;26:45-57. 

109. Kim JH, Cho SY, Lee JH, Jeong SM, Yoon IS, Lee BH, et 
al. Neuro-protective effects of ginsenoside Rg3 against 
homocysteine-induced excitotoxicity in rat hippocampus. 
Brain Res. 2007;1136:190-199. 

110. Li D, Yu XM, Xie HB, Zhang YH, Wang Q, Zhou XQ, Yu 
P, Wang LJ. Platelet phospholipids n-3 PUFA negatively 
associated with plasma homocysteine in middle aged and 
geriatric hyperlipaemia patients. Prostag Leukotr Essent 
Fatty Acids. 2007. In Press. 

111. Li D, Mann NJ, Sinclair AJ. A significant inverse relation-
ship between concentrations of plasma homocysteine and 
phospholipids docosahexaenoic acid in healthy male sub-
jects. Lipids. 2006;41:85-89. 

112. Li D. Omega-3 fatty acid and non-communicable diseases. 
Chin Med J. 2003;116:453-458. 

 
 
 
 
 
 



16                                                    Hyperhomocysteinemia and cardiovascular disease 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Review Article 
 
Cardiovascular pathogenesis in hyperhomocysteinemia
 
Tao Huang BSc1,2, Gaofeng Yuan MSc1,2, Zhiguo Zhang MSc1,2, Zuquan Zou MSc1,2 
and Duo Li PhD1,2 

 
1Department of Food Science and Nutrition, Zhejiang University, Hangzhou, China 
2APCNS Centre of Nutrition and Food Safety, Hangzhou, China 
 

 

同型半胱氨酸血症引起心血管疾病的发病机制 

 
血浆同型半胱氨酸升高是心血管疾病的独立危害因子。高同型半胱氨酸血症

导致多种疾病发生的主要表现有：平滑肌细胞增殖、闭塞性血管病、动脉狭

窄、止血能力的改变、胎盘血管病变、自发性早期流产、出生缺陷、认知能

力受损和痴呆。该综述总共搜集了 1932 年到 2007 年间发表于 MEDLINE 以

及其他杂志上的 112 篇文章，概述了血浆同型半胱氨酸的升高在心血管病以

及其他疾病发生中的作用，同时阐述其在高同型半胱氨酸血症中的病理生理

学分子机制。高同型半胱氨酸血症引起心血管疾病的病理生理学是一个复杂

的过程，可能的机制是：同型半胱氨酸直接对组织的毒性作用、高 S-腺苷同

型半胱氨酸、低 S-腺苷甲硫氨酸、通过刺激凝血因子和抑制抗凝血因子及血

小板活性而引起的血栓形成，继而引起氧化应急、平滑肌细胞增殖、活性氧

系列的形成、低甲基化、非折叠蛋白反应、细胞外基质改变。同型半胱氨酸

增加心血管疾病危险的机制在某些方面仍然不是很清楚，有待更多的研究来

解开这个谜底。 
 
關鍵字：同型半胱氨酸、平滑肌细胞、氧化应急、致畸作用、促炎症反应。 


