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INTRODUCTION
Carotid artery stenosis (CS) is a

known risk factor for cerebrovascular
events associated with oxidative stress
and alterations in metal metabolism
(1,2). Among the essential trace metals,
zinc is an important element of more
than 200 metalloenzymes, including the
antioxidant superoxide dismutase
(SOD) enzyme (3). In the cardiovascu-
lar system, zinc deficiency impairs
the integrity of the endothelial cells
(4) while favoring lipid peroxidation by
enhancing oxidative-stress (5) and

therefore may play a critical role in
atherogenesis (6).

Other trace elements, such as magne-
sium and copper, are also involved in the
pathogenesis of atherosclerosis (7,8) and
have both been found to be reduced in
atherosclerotic patients (9,10). Indeed,
magnesium, copper, and zinc have been
implicated in the antioxidant defense
system, and their reduced availability
may lead to atherosclerosis progression
(11). In contrast, increased iron (Fe)
stores are associated with enhanced ath-
erosclerosis risk (12).

Homeostasis of intracellular zinc is
regulated by metallothioneins (MTs),
which are critical components of an anti-
oxidant system against cellular damage
induced by reactive oxygen and nitrogen
species (13). MT gene expression, leading
to overall reduced zinc availability, is
promoted by chronic inflammation and
increases in atherosclerosis (14,15).

High MT expression and zinc deple-
tion are also involved in the reduced in-
nate immune response (NK cell cytotoxi-
city) observed during aging and the
inflammatory process (16,17), as well as
in atherosclerosis (18,19).

An altered production of different
chemokines, including CCL2/MCP-1
(monocyte chemoattractant protein-1),
CXCL8/IL-8 (interleukin 8), and CCL5/
RANTES (regulated on activation, nor-
mally T-cell expressed and secreted), has
also been reported in atherosclerotic le-
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Carotid artery stenosis (CS) is a well-established risk factor for stroke. Increased proinflammatory chemokines, enhanced met-
allothionein (MT), and altered metal homeostasis may play roles in atherosclerosis progression and plaque destabilization. MT may
sequester zinc during chronic inflammation, provoke zinc deficiency, and modulate NK cell cytotoxicity. A recent investigation
of older patients with diabetes and atherosclerosis showed an association between the –209 A/G MT2A polymorphism, CS, and
zinc status. In this study, we evaluated the relationship between two MT2A polymorphisms (–209 and + 838 locus), metal status,
and inflammatory/immune response in older patients with CS only (the CS1 group) or with CS and previous cerebrovascular ep-
isodes (transient ischemic attack or stroke) (the CS2 group). A total of 506 individuals (188 CS1, 100 CS2, and 218 healthy controls)
were studied. Atherosclerotic patients (CS1 and CS2) showed increased levels of MT, MCP-1, and RANTES, reduced NK cell cyto-
toxicity, and altered trace element concentrations (zinc, copper, magnesium, iron). The +838 C/G MT2A polymorphism was dif-
ferently distributed in CS1 and CS2 patients, who displayed the GG genotype (C-) with significantly higher frequency than elderly
controls. C- carriers showed increased MCP-1 and decreased NK cell cytotoxicity, CD56+ cells, and intracellular zinc availability
along with decreased zinc, copper, and magnesium content in erythrocytes and increased iron in plasma. C- carriers also
showed a major incidence of soft carotid plaques. In conclusion, the +838 C/G MT2A polymorphism seems to influence inflam-
matory markers, zinc availability, NK cell cytotoxicity, and trace element status, all of which may promote CS development.
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sions. Indeed, MCP-1, RANTES, and IL-8
regulate leukocyte recruitment into the
arterial vessel, which leads to atheroscle-
rosis development and vascular reocclu-
sion (20,21).

Interestingly, increased MT expression
has been found to provide protection
against cardiac ischemia in diabetic mice
and neuroprotection in mouse focal cere-
bral ischemia (22–25). However, no stud-
ies have fully examined the role played
by MTs in human atherosclerosis and
stroke, even though a recent study indi-
cated a relationship between the –209
A/G MT2A polymorphism and the prev-
alence of ischemic cardiomyopathy in
patients affected by CS and type 2 dia-
betes mellitus (DM2) (26). The aim of the
present study was to investigate the pos-
sible association of two polymorphisms,
at –209 and +838 positions of the human
metallothionein II (MT2A) gene, with the
incidence of CS and ischemic stroke in
older patients. Relationships between
MT2A polymorphism, trace metal status,
higher expression of inflammatory risk
factors, and innate immune response
have also been investigated in CS
patients.

MATERIALS AND METHODS

Patient and Control Populations
The studied population included older

individuals born and living in Central
Italy: 288 older subjects with CS admit-
ted at the Department of Surgical Pathol-
ogy (INRCA Geriatric Hospital, Ancona,
Italy) for endarterectomy and as controls
218 age- and sex-matched healthy sub-
jects living in their own homes. To study
the possible association of MT polymor-
phisms with carotid artery disease and
cerebrovascular events, CS patients were
divided in two groups . The first group
(indicated as CS1) included patients (n =
188) characterized by CS but without
previous cerebrovascular episodes [tran-
sient ischemic attack (TIA) or stroke],
while the second group (called CS2) (n =
100) was represented by patients with CS
who had developed TIA or stroke in the
past (Table 1). Doppler ultrasonography

was performed to evaluate the CS degree
and the carotid plaque morphology (soft
or fibrocalcified plaques) (15,27). All pa-
tients who underwent an endarterectomy
had a high degree of CS (> 80%).

Elderly controls were in good health
according to the “Senieur Protocol” ad-
mission criteria for immunogerontologi-
cal studies in subjects without symptoms
of diabetes or history of coronary heart
disease (CHD), stroke. The absence of CS
in the control group was evaluated by
doppler ultrasonography.

The study was approved by INRCA’s
Ethical Committee. Informed consent was
obtained from each recruited individual
in compliance with the Italian legislation.

Laboratory Determinations
Venous peripheral blood samples, col-

lected after an overnight fast, underwent
basal biochemical laboratory determina-
tions and immunological studies. Serum
total cholesterol, HDL and LDL choles-
terol, triglycerides, platelet count, and
fibrinogen concentration were deter-
mined by standard laboratory methods.

Genotyping of –209 A/G MT2A and
+838 C/G MT2A Polymorphisms

We screened a single-nucleotide poly-
morphism (SNP) found in the dbSNP
database (http://www.ncbi.nlm.nih.

gov/SNP/) (PubMed Reference rs10636)
represented by a C/G transition at 1604
position of J00271 genomic sequence in
the human metallothionein-II gene
(MT-II) corresponding to the nucleotide
+838 of the untranslated region. A PCR-
restriction fragment length analysis
(PCR-RFLP) was performed using the
following primers:

Sense 5′-CCGCTCCCAGATGTAAAGAA-3′;

Antisense : 5′-GGCATATAAAGAAAACCAGAGACA-3′.

Genomic DNA of PBMC extracted by
the phenol chloroform method, accord-
ing to the standard procedure, was am-
plified with the primers described above.
PCR products were digested with Mae
III (Roche, Germany) at 55°C overnight,
separated on 3% agarose gel, and stained
with ethidium bromide. The presence of
cytosine at position +838 produced a
single fragment of 157 bp (C allele),
whereas the presence of guanine (G al-
lele) generated two fragments of 62 and
95 bp, respectively. Genotyping of –209
MT2A polymorphism was performed as
previously described (26).

Multiple Immunoassay for Chemokine
and Cytokine Plasma Profiles

Four-fold diluted plasma samples
were assayed in duplicate using com-

Table 1. Baseline Characteristics of Study Subjectsa

Parameters Elderly controls (n = 218) CS patients (n = 288)

Age (years) 72.3 ± 7.3 72.8 ± 5.5
Male 121/218 (55%) 169/288 (58.7%)
Carotid stenosis 0/218 (0%) 288/288 (100%)
TIA or stroke (TS group) 0/218 (0%) 100/288 (34.7%)
Hypertension 135/218 (62%) 211/288 (72%)b

Current smokers 150/218 (69%) 167/288 (58%)c

Body mass index (Kg/m2) 25.1 ± 3.6 25.7 ± 3.4
Total cholesterol (mg/dL) 212 ± 37 225 ± 42c

LDL cholesterol (mg/dL) 122 ± 22 131 ± 26c

HDL cholesterol (mg/dL) 68 ± 13 64 ± 19b

Triglycerides (mg/dL) 121 ±76 143 ±64c

Platelet count (× 103/mL) 235 ± 58 221 ± 54c

Fibrinogen (mg/dL) 299 ± 73 373 ± 84c

aResults are expressed as mean ± SD and/or percentages. 
bP < 0.05 compared with age-matched controls. 
cP < 0.001 compared with age-matched controls.
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mercially available multiplex bead-based
immunoassay kits. IL-6, IL-8, TNF-α,
MCP-1, and RANTES concentrations
were simultaneously evaluated using
multiplex reagent kits (Bio-Rad Labora-
tories, Hercules, CA, USA) as previously
described (28). Briefly, premixed distinct
dyed beads, loaded with specific capture
antibodies, were incubated with plasma
samples and subsequently with fluores-
cently labeled detection antibodies. Data
were analyzed using the Bio-Plex Man-
ager software version 3.0 (Bio-Rad Labo-
ratories). Values were expressed as
picograms or nanograms per milliliter.

Zinc, Copper, Magnesium, and Iron
Concentrations in Plasma and
Erythrocytes

Plasma and red blood cell (RBC) zinc
(Zn), copper (Cu), magnesium (Mg), and
iron (Fe) concentrations were determined
by a Thermo XII Series ICP-MS (Thermo
Electron Corporation, Waltham, MA,
USA) following the manufacturer’s ap-
plication note (AN_EO604) with slight
modifications. Plasma and RBC samples
were diluted 1:10 and 1:26, respectively,
with a diluent containing both 0.1% tri-
ton to maintain a stable emulsion with
the diluted sample and 0.15 % HNO3 to
ensure that trace elements were main-
tained in solution and to favor the
washout of these elements between sam-
ples. External calibration solutions con-
taining Zn, Cu, Fe (blank to 2000 ppb),
and Mg (blank to 20000 ppb) were pre-
pared by serial dilution of a parent mul-
tielement solution (1000 ppm for Zn, Cu,
and Fe; 10000 ppm for Mg) (VHG Labs,
Manchester, NH, USA), using the same
diluent used for the samples. Rhodium
(Rh), at 200 ng/mL, was used as internal
standard. Data were acquired for 66Zn,
65Cu, 56Fe, and 24Mg.

The instrument was operated with a
Peltier cooled impact bead spray cham-
ber, single piece quartz torch (1.5 mm i.d.
injector) together with Xi interface cones
and a Cetac-ASX 100 autosampler
(CETAC Technologies, Omaha, Ne-
braska, USA). A Burgener Trace nebu-
lizer was used, because this device does

not block during aspiration of clinical
samples. The instrument was operated in
standard mode (non-CCT), using 1400 W
RF power, 1.10 L/min nebulizer gas flow,
0.70 L/min auxiliary gas flow, 13.0 L/
min cool gas flow, 70 ms dwell time, 30 s
sample uptake, and 35 s wash time (2 re-
peats per sample).

Flow Cytometric Analysis of Zinc Ion
Availability

Zinc-free RPMI medium was obtained
by treatment of RPMI with 5% Chelex
100 (Sigma-Aldrich, Milan, Italy).
Thawed PBMC were divided into two
equal aliquots of 2 ×105 cells, at least one
aliquot was incubated with 20 µM
Zinpyr-1 (ZP-1) (Neurobiotex, Galveston,
Texas, USA) for 30 min at 37°C, 5% CO2
in HEPES buffered zinc-free RPMI me-
dium containing 1mM EDTA, as an ex-
tracellular chelator, of free zinc, which re-
mained in the medium and/or was
adsorbed to the cell membrane.

The s aliquot was incubated under the
same conditions, with the addition of
50 µM N,N’,N’-tetrakis (2-pyridylmethyl)
ethylenediamine (TPEN) (Sigma-Aldrich),
to detect the autofluorescence of the zinc-
free ZP-1 probe, which represented the
minimum of mean fluorescence intensity
(MFImin) for ZP-1 fluorescence (29).

Data were reported as normalized flu-
orescence intensity (MFI/MFImin) and
represented the zinc ion availability (30).

Natural Killer Cell Cytotoxicity and
CD56 Subset Detection by Flow
Cytometry

Natural killer (NK) cell cytotoxicity
was measured using 1×105 mL-1 K562
target cells labeled with 100 µCi of
51Cr and 2×106 mL-1 human effector
PBMC. The data were expressed as lytic
Unit 20/107 cells (17).

For CD56 detection, fresh PBMC (2 ×105)
were stained for 30 min at 4°C with an
FITC-labeled CD56 monoclonal antibody
(1 µg/106 cells) (BD/Pharmingen,
Erembodegem, Belgium) and analyzed
by flow cytometry (Coulter EPICS XL;
Ramsey, MN, USA). An FITC-conjugated
immunoglobulin isotype was used as a

negative control. Results are expressed as
percentage of positive cells.

Metallothioneins Determination
Thawed PBMC (2 ×105) were treated

with 0.3% paraformaldehyde and stored
at 4°C for two days before processing.
MT determination was performed as
previously reported by Yurkow and
Makhijani (31) using the monoclonal
mouse anti-horse metallothionein clone
E9 antibody (Dakocytomation, Glostrup,
Denmark). Results are expressed as
mean fluorescence intensity (MFI) (30).

Statistical Analysis
Statistical analysis was performed with

SPSS software for Windows 2000. The
Kolmogorov-Smirnov test was applied to
test for a normal distribution. Differences
in quantitative variables were assessed
using the Mann-Whitney test for nonnor-
mal distributions and unpaired Student
t-test for normal distributions. The fre-
quencies of –209 A/G MT2A and +838
C/G MT2A genotypes were compared
using the Pearson χ2 test. Fisher exact
test was performed to calculate odds ra-
tios (OR). Results were considered signif-
icantly different when P < 0.05.

RESULTS

Clinical Characteristics, Immune and
Biochemical parameters

Our CS patient cohort exhibited most
of the classic atherosclerosis risk factors
(Table 1). The percentage of hyperten-
sive, but not of smoking, subjects was
higher in CS patients than in healthy el-
derly controls (P < 0.05). CS patients
showed increased levels of LDL-choles-
terol, triglycerides, and fibrinogen (P <
0.001) and reduced HDL-cholesterol and
platelet count (P < 0.05 and P < 0.001, re-
spectively) compared with healthy el-
derly controls. The body mass index
showed no statistically significant differ-
ences between patients and controls.

Compared with elderly controls, the
CS patients displayed increased MT lev-
els in peripheral blood mononuclear cells
(PBMCs) (P < 0.01), enhanced plasma
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levels of MCP-1 and RANTES (P < 0.01),
and impaired NK cell cytotoxicity (P <
0.05; P < 0.01) (Table 2). Plasma and RBC
zinc concentrations were found to be de-
creased (P < 0.01) and, interestingly, we
also observed significant differences in
zinc availability (P < 0.05). Furthermore,
we found levels of copper and magne-
sium to be reduced in plasma (P < 0.05; 
P < 0.01) but not decrease in RBC, while
iron levels were increased in RBC (P <
0.05) but not in plasma. Finally, no differ-
ences were observed in IL-6, IL-8, or
TNF-α plasma levels or CD56+ cells.

No differences were found in clinical,
immune, or biochemical parameters be-
tween CS patients without previous cere-
brovascular events (CS1) and CS subjects
suffering from TIA or stroke (CS2) (data
not shown). No sex-related differences
were found (data not shown).

+838 C/G MT2A and –209 A/G MT2A
Genotype and Allele Distributions

Examination of CS patients and the
healthy elderly control group revealed no
significant deviations of genotypic fre-
quencies from the Hardy Weinberg ex-
pectation when we considered the two
MT2A polymorphisms (Table 3). We in-
stead observed significantly different
genotypic distribution of +838 C/G
MT2A polymorphisms between patients
and the control population (P < 0.05). In
particular, C- genotype frequency was
higher in CS1 and CS2 patients compared
with healthy controls (P < 0.05, as deter-
mined by Fisher Exact Test using the ap-
proximation of Woolf). Accordingly, a sig-
nificant increment of G-allele frequency
was found in CS1 (OR = 1.47, P = .028,
95% CI = 1.048-2.054) and in CS2 patients
(OR = 1.793, P = .008, 95% CI = 1.160 -
2.771) compared with Age-matched con-
trols. By contrast, CS1 and CS2 subjects
showed quite similar genotypic frequen-
cies, even though the C- genotype tended
to increase in the CS2 compared with the
CS1 group (73% vs 66%) with a higher
OR (2.13 vs 1.52) (Table 3).

As for the –209 A/G MT2A polymor-
phism, no differences in genotypic distri-
bution were found when we compared

Table 2. Immune and Biochemical Parameters of Studied Subjectsa

Parameters Elderly controls (n = 218) CS patients (n = 288)

MCP-1 (pg/mL) 87 ± 31 93 ± 32b

RANTES (pg/mL) 9249 ± 6064 11094 ± 8450c

IL-6 (pg/mL) 21.1 ± 11 22 ± 14
IL-8 (pg/mL) 7.1 ± 3.9 7.6 ± 4.1
TNF-α (pg/mL) 84 ± 35 83 ± 35
MT (MFI) 20.2 ± 12.7 23.7 ± 15.2c

NK activity (L.U. 20/107) 35.1 ± 5.1 20.5 ± 12.6 c

CD56+ (%) 17.8 ± 6.3 17.3 ± 6.0
Zn plasma levels (µM) 12.0 ± 2.1 11.1 ± 2.5c

Cu plasma levels (µM) 18.0 ± 3.5 17.3 ± 4.1b

Mg plasma levels (µM) 1110 ± 540 788 ± 208c

Fe plasma levels (µM) 18.1 ± 6.7 18.9 ± 7.1
Zn (µmol/L RBC) 131 ± 36 122 ± 35c * 
Cu (µmol/L RBC) 8.7 ± 1.9 8.5 ± 2.0
Mg (µmol/L RBC) 1451 ±776 1481 ± 670
Fe (µmol/L RBC) 8477 ± 2834 9056 ± 3335b

Zn availability (MFI /MFImin) 1.35 ± 0.12 1.33 ± 0.10b

aResults are expressed as mean ± SD. MFI = mean fluorescence intensity; L.U. = Lytic Unit. 
bP < 0.05 compared with age-matched controls. 
cP < 0.01 compared with age-matched controls.

Table 3. +838 C/G MT2A Genotypic and Allelic Frequencies in CS1 and CS2 Patients and
Elderly Controlsa

CS1 patients 
Elderly controls (without cerebrovascular CS2 patients 

(n = 218) episodes) (n = 188) (n = 100)

n Frequency n Frequency n Frequency

Genotypes
GG (C-) 122 0.56 124 0.66 73 0.73
CG (C + ) 81 0.37 57 0.30 22 0.22
CC (C + ) 15 0.07 7 0.04 5 0.05

Total 218 188 100
Alleles

G allele 325 0.75 305 0.81 168 0.84
C allele 111 0.25 71 0.19 32 0.16

Total 436 376 200

aPatients and controls were in Hardy Weinberg equilibrium (P > 0.05). Significant
differences of +838 C/G MT2A genotype distributions were observed between CS1
patients, CS2 patients, and elderly controls (χ2 = 10.612, df = 4, P = .031), and between
CS2 patients and elderly controls (χ2 = 8.492, df = 2, P = .014). However, the comparison
between CS1 and CS2 patients failed to reach statistical significance (χ2 = 1,498, df = 2,
P = .23).
A significant increment of C- carrier frequencies was observed in CS1 and CS2 patients
compared with elderly controls (OR = 1.525; P = .042, 95% CI = 1.019–2.282 and OR =
2.13, P = .004, 95% CI = 1.27–3.56, respectively) as determined by Fisher exact test using
the approximation of Woolf. Accordingly, a significant increment of G allele frequency
was found in CS1 (OR = 1.47, P = .028, 95% CI = 1.048–2.054) and in CS2 patients (OR =
1.793, P = .008, 95% CI = 1.160–2.771) compared with elderly controls.
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healthy age-matched controls and CA
and CS2 patients. The allelic frequency
was also similar among the three groups
(Table 4).

Laboratory and Instrumental
Parameters in Relation to +838 C/G
MT2A Genotype

In our CS patients, to clarify the effect
of the +838 C/G MT2A polymorphism
on the risk of CS development, some bio-
chemical, immune and instrumental pa-
rameters, related to +838 C/G MT2A
genotype were also analyzed (Table 5).
C- carriers displayed higher MCP-1
plasma levels, fibrinogen concentrations,
and platelet counts than C + carriers (P <
0.05; P < 0.005) . Moreover, C- carriers
showed lower zinc, copper, and magne-
sium content in erythrocytes (P < 0.01)
and increased iron (P < 0.05) and de-
creased magnesium in plasma (P < 0.05),
as well as reduced NK cell cytotoxicity
and CD56+ cells (P < 0.001). Finally, com-
pared with C+, C- subjects showed de-
creased availability of zinc (P < 0.001).

Conversely, plasma levels of IL-6, IL-8,
TNF-α, RANTES, zinc, and copper and
PBMC metallothionein and RBC iron
contents were not affected by the +838
C/G MT2A polymorphism.

Interestingly, the +838 C/G MT2A
polymorphism affected plaque morphol-
ogy in CS patients (Figure 1), as indi-
cated by the increased incidence of
carotid soft plaques in C- carriers (C- vs
C+ genotypes: P = .048; OR = 1.309; CI
95% = 0.9932-1.72, by Fisher exact test
using the approximation of Woolf). In the
–209 A/G MT2A genotype we found no
changes in the biochemical, immune, or
instrumental parameters indicated above
(data not shown).

DISCUSSION
The induction of MTs in response to in-

flammatory and oxidative stimuli is asso-
ciated not only with increased antioxidant
cell capacity, but also with perturbed zinc
homeostasis. High MT levels during
aging are correlated with low zinc avail-
ability and impaired inflammatory im-
mune response, likely contributing to the

Table 4. –209 A/G MT2A Genotypic and Allelic Frequencies in CS1 and CS2 Patients and
Elderly Controlsa

CS1 patients 
Elderly controls (without cerebrovascular CS2 patients 

(n = 218) episodes) (n = 188) (n = 100)

n Frequency n Frequency n Frequency

Genotypes
AA (G-) 154 0.71 137 0.73 75 0.75
AG (G + ) 56 0.26 48 0.25 24 0.24
GG (G + ) 8 0.03 3 0.02 1 0.01

Total 218 188 100
Alleles

A allele 364 0.83 322 0.87 174 0.87
G allele 72 0.17 71 0.13 25 0.13

Total 436 376 200

aAll populations were in Hardy Weinberg equilibrium (P > 0.05). No differences of AA
genotype distribution of –209 A/G MT2A polymorphism were observed among CS1
patients, CS2 patients, and elderly controls, by using χ2 test.
A Allele frequencies were similar among CS1 and CS2 patients and elderly controls (OR =
1.179, P = .43, 95% CI = 0.8038–1.731 and OR = 0.9209, P = .2, 95% CI = 0.8066–1.051,
respectively) as determined by Fisher exact test using the approximation of Woolf.

Table 5. Biochemical and Immune Parameters in Relation to +838 C/G MT2A Genotype in
CS Patients

C- genotype N = 197 C + genotype N = 91

Platelet count (×103/mL) 231 ± 45b 211 ± 56
Fibrinogen (mg/dL) 385 ± 79c 360 ± 88
MCP-1 (pg/mL) 99 ± 35d 86 ± 28
RANTES (pg/mL) 10913 ± 7010 11284 ± 9892
IL-6 (pg/mL) 22.6 ± 12.7 21.5 ± 12.5
IL-8 (pg/mL) 7.9 ± 4.1 7.3 ± 4.0
TNF-α (pg/mL) 82 ± 33 83 ± 38
MT (MFI) 25 ± 16.1 22 ± 14.2
NK activity (L.U. 20/107) 15.9 ± 9.5d 25.3 ± 15.6
CD56 + (%) 15.1 ± 5.8d 19.5 ± 6.2
Zn plasma levels (µM) 10.8 ± 2.6 11.4 ± 2.3e

Cu plasma levels (µM) 16.9 ± 4.6 17.6 ± 3.8
Mg plasma levels (µM) 756 ± 237c 820 ± 175
Fe plasma levels (µM) 19.9 ± 8.4c 17.9 ± 5.8
Zn (µmol/L RBC) 114 ± 40d 130 ± 31
Cu (µmol/L RBC) 8.2 ±1.8f 8.9 ± 2.1
Mg (µmol/L RBC) 1325 ± 662d 1635 ± 680
Fe (µmol/L RBC) 9046 ± 4828 9071 ± 1822
Zn availability (MFI /MFImin) 1.31 ± 0.09d 1.36 ± 0.11

aResults are expressed as mean ± SD. MFI = mean fluorescence intensity; L.U. = Lytic Unit. 
bP < 0.005; cP < 0.05; dP < 0.001; eP = .06; fP < 0.001; compared with C + genotypes. 
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development of age-related diseases, in-
cluding atherosclerosis (16,15,26,32). In-
deed, zinc deficiency has been suggested
as a risk factor for atherosclerosis devel-
opment (6,33), because the cation acts as a
cofactor of antioxidant enzymes and pro-
tects from lipid peroxidation (34).

In the present study, we found that CS
patients show increased MT levels com-
bined with reduced zinc bioavailability
in PBMCs. This finding is in agreement
with the decreased plasma zinc concen-
tration observed in patients suffering
from coronary artery disease (33). In CS
patients, zinc deficiency may be respon-
sible for decreased NK cell activity and
enhanced plasma concentrations of
MCP-1 and RANTES. Furthermore, in
CS patients zinc deficiency associated
with dyshomeostasis of other trace ele-
ments (copper and magnesium in the
plasma, iron in the RBCs) may cause en-
hanced oxidative stress (11) and induce
MCP-1 production in vascular endothe-
lial cells (35). Although some studies re-
ported higher circulating levels of IL-6,
IL-8, and TNF-α (36–38) to be linked to
atherosclerosis, no such increases were
observed in our cohort of CS patients.
MCP-1 and IL-8 chemokines have been
shown to be increased in atherosclerotic
lesions in humans and in animal models,
but our data are in agreement with those
suggesting a more pathogenic role for

MCP-1 (39,40). Until now, no studies
investigated the possible association of
two MT2 gene polymorphisms (at the
–209 and +838 positions) with carotid ar-
tery disease.

We found no association between the
–209 A/G MT2A polymorphism and CS
or cerebrovascular events, although in a
previous report we showed involvement
of this polymorphism in cardioischemic
complications in diabetic patients with
CS (26). This discrepancy is attributable
to the fact that, in the present study, we
excluded diabetic patients to avoid the
confounding interference of this meta-
bolic disease, which per se increases the
incidence of stroke (41). We observed,
however, that the +838 C/G MT2A poly-
morphism is associated with CS; in par-
ticular, the G allele (C- genotype) may be
a predictor of carotid artery disease as
shown by the significant ORs. Although
the greater incidence of vulnerable soft
plaques in C- patients might suggest an
increased risk for cerebrovascular epi-
sodes compared with C + patients, the
similar C- genotype frequency in the CS2
and CS1 groups (0.73 vs 0.66, OR 2.13 vs
1.52; Table 3), seems to indicate that +838
C/G MT2A polymorphism do not affect
the risk of occurrence of cerebrovascular
events in subjects already affected by CS.

The most intriguing results concern
the C- carriers who displayed increased

MCP-1 plasma levels and platelet counts
as well as fibrinogen concentrations.
These patients also showed lower mag-
nesium status, copper and zinc content
in erythrocytes, increased iron plasma
levels, and limited zinc ion availability.
Altogether, the alterations we found in
metal trace elements and chemokine lev-
els in our CS patients support the poten-
tial role of these factors as promoters of
atherosclerosis progression (8,12).

The higher CS incidence in the 
C- carriers is in line with the role of
MCP-1 in atherogenesis, restenosis, and
plaque destabilization (42–44) as well as
with the fact that patients with stroke or
cardiovascular diseases show elevated
MCP-1 plasma levels (45,46). The in-
creased platelet count and high fibrino-
gen concentrations that we found in 
C- subjects fit the known association of
these factors with severe CS and risk of
stroke (47,48).

Finally, the observed depletion of zinc
due to MT sequestration (14,49), associ-
ated with copper and magnesium defi-
ciency and iron overload, is in line with
previous studies indicating the role of
metal dyshomeostasis in atherosclerosis
development (6,50–52). Low magnesium
concentration has been linked to in-
creased rate of cerebrovascular events
(53), copper and zinc decrease in ulcer-
ated plaques can promote atheroma
destabilization (2) and, as for iron, an
overload of this element leads to higher
production of reactive oxygen species
with subsequent atherosclerosis progres-
sion or cardiovascular diseases (12). Fur-
thermore, high MT levels have been
linked to atheroma, especially in the case
of proinflammatory genotypes (26,32).
The increased MT levels and reduced
zinc availability that we found in PBMCs
may also occur in atherosclerotic lesions,
with consequent severe inflammation,
oxidative stress, and ultimately plaque
weakness. In the context of C- carriers,
low zinc availability can act as a further
aggravating factor, considering that low
zinc levels in these subjects can promote
depressed immune function, as showed
by the observed decreased count of

Figure 1. Incidence of soft or fibrous-calcified plaques in CS patients according to +838
C/G MT2A genotype. C- genotype frequencies were higher in patients with soft plaques,
68% vs 52%, P = .048, OR = 1.309, CI 95% = 0.9932-1.726 by Fisher exact test using the ap-
proximation of Woolf.
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CD56+ subsets and reduced NK cell cy-
totoxicity (54,16).

In conclusion, the +838 C/G MT2A
polymorphism seems to promote the pro-
gression of carotid artery disease to CS by
modulating inflammatory markers, coag-
ulation factors, zinc availability, NK cell
cytotoxicity, and trace element status.
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