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Background and methods: It has been reported that C/T dimorphism at position 1418 of the
thrombomodulin gene causes a cytosine (C) transition to thymidine (T), resulting in an alanine (A)
to valine (V) substitution at amino acid position 455 (TM455). TM455 had been found not only
in African American and American whites, but also in whites in The Netherlands and Sweden.
Among these populations, the C/C genotype is predominant, although the distribution of this
dimorphism is different. Thrombomodulin is an important anticoagulant protein that is down-
regulated in endothelial cells overlying atherosclerotic plaques and is also an anti-inflammatory
molecule. TM455 is located in the last epidermal growth factor-like repeat of thrombomodulin,
which is functionally important for protein C activation and thrombin binding. The distribution
of thrombomodulin polymorphism and association between TM455, inflammatory cytokines,
and carotid atherosclerosis in the Chinese Han population is unclear.

Methods: This thrombomodulin dimorphism was analyzed by allele-specific amplification in
144 patients with carotid atherosclerosis and in 384 healthy controls. TM455 was found in the
Chinese Han population, but the genotype frequency and distribution of each genotype in this
population differed substantially from that in other ethnic subgroups. The C/T and T/T genotypes
were predominant in the Chinese Han population, and the frequency of the T allele in this popula-
tion (63.8%) was much higher than that in whites in The Netherlands (18%), Sweden (26.1%),
and the US (18.4%), and in blacks in the US (7.6%). The frequencies of these single nucleotide
polymorphisms complied well with the Hardy-Weinberg equilibrium in healthy individuals.
The C allele was significantly more common among patients with carotid atherosclerosis than in
controls (P < 0.05). The frequency of the C allele was 45.5% in patients and 36.2% in controls.
The thrombomodulin Ala455 genotypes C/C and C/T were significantly more common than the
T/T genotype in patients with carotid atherosclerosis in the Chinese Han population. In addi-
tion, higher baseline levels of tumor necrosis factor alpha (55.45 + 11.58 pg/mL versus
52.70£10.74 pg/mL; P < 0.05), interleukin-6 (31.53 £ 10.51 pg/mL versus 27.73 £ 8.37 pg/mL;
P < 0.01), and C-reactive protein (6.65 = 2.01 mg/L versus 4.06 = 1.03 mg/L; P < 0.01) were
observed in patients with carotid atherosclerosis than in controls. Interestingly, compared with
baseline inflammatory cytokine levels in those with the Val/Val genotype, higher baseline tumor
necrosis factor alpha, interleukin-6, and C-reactive protein levels were observed for the Ala/Ala
genotype in both patients with carotid atherosclerosis and healthy controls.

Conclusion: Our results support a significant association between thrombomodulin Ala455Val
dimorphism, inflammatory cytokines, and carotid atherosclerosis in the Chinese Han population.
Keywords: thrombomodulin, carotid atherosclerosis, dimorphism, inflammatory cytokines,
association study
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Introduction

Thrombomodulin (TM), a transmembrane glycoprotein
highly expressed by endothelial cells, plays a critical role
in maintaining vascular resistance to thrombosis.! Thrombin
forms a complex with TM, and thereby changes its substrate
to catalyze the activation of protein C. Activated protein C
inhibits blood coagulation by neutralizing the feedback loop
of thrombin generation via factors Va and VIlla. Therefore,
TM plays a critical role in the anticoagulant pathway.

In addition, TM functions as an anti-inflammatory
molecule via both direct and indirect mechanisms. Protein C
activated by TM dulls inflammatory activity by inhibiting
macrophage expression of tissue factor, tumor necrosis
factor (TNF)-o, and leukocyte adhesion molecules.? The
lectin-like domain of TM has potent anti-inflammatory
activity, suppressing activation of endothelial cells via
mitogen-activated protein kinase and nuclear factor-kappa
B pathways.> Recombinant TM fragments containing an
epidermal growth factor-like domain and serine/threonine-
rich regions stimulate endothelial migration and proliferation
in vitro and induce angiogenesis in vivo.*

Furthermore, TM modulates pathological changes of the
vessel wall where restenosis and vein graft atherosclerosis
occur. Overexpressing TM or systemic administration of
recombinant TM reduced inflammatory cell infiltration and
neointima formation in several animal models.>” These find-
ings suggest that TM plays critical roles in vascular biology.

In addition to deposition of cholesterol in the arterial
wall, inflammation, cell proliferation, and migration play
important roles in the pathogenesis of atherosclerosis.®
Because of the unique effects of TM on cellular proliferation,
adhesion, and inflammation, all of which are important
steps in atherosclerosis, the genes encoding these pathway
proteins are promising candidate genes regarding suscep-
tibility to carotid atherosclerosis. Several polymorphisms
and mutations in the coding or promoter region of the TM
gene have been identified.”'? A C/T dimorphism at position
1418 causing a cytosine transition to thymidine and result-
ing in an alanine (A) to valine (V) substitution at amino acid
position 455 (A455V) has been found in both blacks and
whites.!? !¢ TM455 is located in the last epidermal growth
factor-like repeat, which is functionally important for
protein C activation and thrombin binding. There have been
a few previous reports on an association between TM455
polymorphism, coronary events, and brain infarction in
whites and blacks.'>!3151¢ However, until now, the frequency
and distribution of each TM455 genotype in the Chinese Han
population has not been reported.

The aim of the present study was to investigate dimor-
phism in the TM gene (nucleotide 1418), the distribution of
each genotype, and the association of this polymorphism,
inflammatory cytokines, and carotid atherosclerosis in the
Chinese Han population by allele-specific amplification.

Materials and methods

Patients

In total, 144 hospitalized patients with carotid atherosclerosis
were recruited from the Changzhou Hospital of Traditional
Chinese Medicine between October 2005 and December 2010.
The controls were either healthy blood donors or healthy
laboratory staff. The two groups were matched according to
age and gender, consisted of 58% males and 42% females,
and were all from the Chinese Han population. The study
was approved by the ethics committee of Changzhou TCM
Hospital Affiliated to Nanjing TCM University, and all
subjects gave their written informed consent.

Genomic DNA was obtained from the 384 healthy
controls and the 144 patients with carotid atherosclerosis.
Measures of maximal carotid intima media thickness were
obtained in the supine position by the same ultrasonographer.
Longitudinal B-mode ultrasound images were obtained
from the subjects with the head turned 45 degrees from the
area scanned. Gain settings were optimized to acquire far
wall arterial images and limit echogenicity of the lumen.
A linear array probe (Phillips Sonos 5500, Eindhoven, The
Netherlands) was used for image acquisition. The sonogra-
pher obtained three longitudinal views of both internal carotid
arteries for a total of six intima media thickness images per
subject. The internal carotid artery was defined to include
the bulb and the initial 10 mm of vessel distal to separation
of the external from the internal arteries. High-resolution
images were stored digitally, and read offline by trained
interpreters blinded to the clinical characteristics of the study
participants. Near and fall wall thickness were calculated as
the maximum distance between the lines.

Allele-specific amplification analysis

and direct sequencing

Blood samples were obtained by atraumatic venipuncture
collection in a 1/10 volume of 0.12 M sodium citrate. All
samples were centrifuged at 2000 X g for 20 minutes, frozen,
and stored at —70°C until analysis. DNA was isolated using the
method reported by Miller et al.!” The single nucleotide poly-
morphisms were analyzed by allele-specific amplification.
Allele-specific primer sets were used for amplification and
analysis of TM 1418 polymorphisms. The allele specific
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primer set TM-Ala (5'-GGGCCCGACTCGGCCCTTGC-3’,
forward primer for amplification of TM 1418 allele C) and
TM-Val (5-GGGCCCGACTCGGCCCTTGT-3’, forward
primer for the amplification of TM 1418 allele T) and the same
reverse primer TM-R (5-GGGGTGAGGCACAGCTC-3")
results in a 389-base pair fragment.

Polymerase chain reaction (PCR) was performed in a
total volume of 25 pL containing 0.4 uM of each primer
(TM-Ala and TM-R or TM-Val and TM-R), 2 uM of dNTPs,
1.5 mM of MgCl,, 1.25 units of TagDNA polymerase
(TaKaRa LATaq with GC buffer), 2.5 mM of PCR buffer,
and about 100 ng of genomic DNA. Initially, the reaction
mixture was heated for 4 minutes at 94°C, followed by
35 cycles of PCR with denaturation at 94°C for 30 seconds,
annealing at 61°C for 30 seconds, and extension at 72°C
for one minute, with an additional extension cycle at 72°C
for 5 minutes. Each sample was detected twice containing
primer TM-Ala and TM-R or TM-Val and TM-R, respectively.
The amplified PCR products were then analyzed in 2.0%
agarose gel. The nine randomly selected samples from
three genotypes (C/T, T/T, C/C), analyzed by allele-spe-
cific amplification, were confirmed by DNA sequencing
PCR products of the TM gene. Amplification of the TM
gene by PCR was performed with the forward primer,
5’-TCCCCTCGGCTTACAGCTAA-3’, and the reverse
primer, 5’-GGCACAGGCTCGCGATGGAA-3’. The results
analyzed by allele-specific amplification were identical to
those analyzed by sequencing.

Measurement of inflammatory cytokines
C-reactive proteins were determined by BNII Nephelometer
(N High-Sensitivity CRP and N Antiserum to Human
Fibrinogen; Dade Behring Inc, Deerfield, IL). TNF-o. and
interleukin-6 were measured from stored frozen serum
samples using a commercially available high-sensitivity
enzyme-linked immunosorbent assay kit (R&D Systems,
Abingdon, UK). Analytical coefficients of variation for
C-reactive protein, TNF-o, and interleukin-6 were 3.6%,
4.7%, and 6.3%, respectively. All measurements were made
in duplicate, in random order, and in a blinded fashion.

Statistical analysis

All data were reported as the mean * standard deviation.
The statistical significance of the differences in continuous
variables between the comparison groups was evaluated
using the two-tailed #-test. Allelic frequencies were com-
pared using the Fisher’s Exact test and the frequencies of
the single nucleotide polymorphisms complied with the

Hardy-Weinberg equilibrium in healthy individuals with the
¥ test. All statistical analyses were performed using SPSS
for Windows (SPSS Inc, Chicago, IL). A P value < 0.05
was considered to be statistically significant.

Results

The bands in allele-specific amplification of the different
PCR amplification fragments with the allele-specific primer
set, TM-Ala and TM-Val, from healthy controls showing
the allelic combinations C/T, C/C, and T/T, respectively,
in position 1418 are shown in Figure 1A. To confirm the
DNA sequence, PCR products from individuals for the
three allele-specific amplification variants were also directly
sequenced (Figure 1B—D). The band pattern of the PCR-
amplified TM fragments from the healthy group and the
patient group all fell into one of the three allele-specific
amplification band patterns demonstrated to represent the
allelic combination of C/C, C/T, or T/T (not shown). The
T/C heterozygous genotype was confirmed by construction
of TM gene sequencing using TM-pGEM® plasmid and
sequence analysis of several clones from the same recom-
binant TM-pGEM plasmid.

The results from comparing the TM455 genotype fre-
quency and distribution of each genotype in the Chinese
Han population with other ethnic subgroups (according to
reports) are summarized in Table 1 (P < 0.001). In conclu-
sion, the TM455 genotype frequency and distribution of each
genotype in the Chinese Han population differed substantially
from that in other ethnic subgroups, and the frequencies of
the single nucleotide polymorphism complied well with the
Hardy-Weinberg equilibrium in controls (Table 2, P > 0.05).
Table 3 shows the association between Ala455 carriers (the
C/C plus C/T genotype) and carotid atherosclerosis. Using
allele-specific PCR amplification in 384 normal subjects, we
demonstrated allelic frequencies of 36.2% for Ala455 and
63.8% for Val455. In the 144 patients with carotid atheroscle-
rosis, we found a statistically significant difference in allele
frequency compared with controls, ie, 45.5% and 54.5% for
Ala455 and Val455, respectively (P < 0.05). Therefore, there
was a statistically significant difference in the distribution of the
single nucleotide polymorphism between cases and controls.

Higher baseline levels of TNF-o (55.45 + 11.58 pg/mL
versus 52.70 £ 10.74 pg/mL; P < 0.05), interleukin-6
(31.53 £ 10.51 pg/mL versus 27.73 £ 8.37 pg/mL;
P < 0.01), and C-reactive protein (6.65 = 2.01 mg/L versus
4.06 £ 1.03 mg/L; P < 0.01) were observed in patients with
carotid atherosclerosis (Table 4). Interestingly, compared
with baseline levels of inflammatory cytokines in individuals
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Figure | Sequencing results from healthy controls. (A) The 389-base pair PCR amplification fragments with allele-specific primer set TM-Ala and TM-Val from controls
analyzed by allele-specific amplification. Lanes show the band patterns in controls with the allele combinations C/T, T/T, and C/C at position 1418. M represents the DNA
marker. (B-D) PCR amplification fragment direct and reverse sequencing map with three genotype (C/T, T/T, and C/C analyzed by allele-specific amplification) DNA as
template, respectively. Because of reverse sequencing, A and G (indicated by arrow) should be T and C at position 1418. (E and F) Two kinds of TM-pGEM® plasmid clone
reverse sequencing map confirm the T/C heterozygous genotype analyzed by allele-specific amplification. A and G indicated by arrow should also be T and C as above.

with the Val/Val genotype, higher baseline levels of TNF-o,
interleukin-6, and C-reactive protein were observed for the

Ala/Ala genotype, in both controls and patients (Table 5).

Discussion

An important finding in the present study was that the fre-
quency of the Ala455Val TM genotype in the Chinese Han

population differs substantially from that reported for other

ethnic subgroups. The C/T and T/T genotypes were predomi-

nant in the Chinese Han population and the frequency of the

T allele in the Chinese Han population (63.8%) was much
higher than that in whites (<26.1%) and blacks (7.6%),
while the prevalence of the T/T genotype and T allele in

other ethnic subgroups was very low. It has been reported

Table | TM455 genotype frequency and distribution of each genotype among ethnic subgroups (according to reports other than for
the Chinese Han population)

Race subgroups n Genotype frequency (%) Allele frequency (%)
TIT T/IC c/ic C T
Dutch whites 25 2(8) 5(20) 18 (82) 82 18
Swedish whites 159 13 (8.2) 57 (35.8) 89 (56) 739 26.1
American whites 356 2 (34) 107 (30.1) 237 (66.5) 81.6 18.4
American blacks 105 1 (1.0) 6(5.7) 98 (93.3) 924 7.6
Chinese Han* 384 144 (37.5) 201 (52.3) 39(10.2) 36.2 63.8

Note: *P < 0.001.
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Table 2 Single nucleotide polymorphism frequency in Hardy-
Weinberg equilibrium among controls

TT cIT C/C Total
Observed 144 201 39 384
value (O)
Expected 155.82 177.60 50.58 384
value (E) (np?) (n-2pq) (nq’) Q)
|O - EJ’E 0.90 3.09 2.64 Xy = 6.63

that the C/C genotype is much more prevalent in American
blacks than in whites in the US,'* The Netherlands,'* and
Sweden.!> Although there was a significant difference in
the distribution and allelic frequency of this polymorphism,
the C/C genotype was prevalent among them. In contrast, the
prevalence of the C/C genotype (10.2%) in the Chinese Han
population is much lower than in other ethnic subgroups;
the frequency of the C allele is only 36.2%, whereas that
of the T allele is 63.8%. According to previous reports,
the frequency of the C allele is 92.4% in American blacks,
81.6% in American whites,'* 82% in The Netherlands,'* and
73.9% in Sweden." The distribution and allelic frequency
of the TM455 dimorphism in other ethnic Asian groups
has not been reported previously. While the C/T and/or
T/T genotype is prevalent in Eastern people, it is unclear
whether this is the case in Western people, and further stud-
ies are required. Although there has been a report on the
existence of linkage disequilibrium in C1418T and G33A,'8
in the present study we showed that the frequency of the
single nucleotide polymorphism complied well with the
Hardy-Weinberg equilibrium in our healthy controls.
Another important finding was that of a significant asso-
ciation between TM Ala455Val dimorphism, inflammatory
cytokines, and carotid atherosclerosis in the Chinese Han
population. One report showed that TM domains attenuate
atherosclerosis by inhibiting thrombin-induced endothelial
cell activation." Expression of thrombomodulatory genes is
increased in unstable plaques, although levels after one month
are comparable with asymptomatic plaques. This transient
rise may influence plaque instability, and rapid resolution
mirrors the clinical reduction in risk of further thromboem-
bolic events.”® TM residue 455 is located at the epidermal

growth factor-like domain of the extracellular region of TM
in the endothelial membrane, and may be involved in activa-
tion of protein C and thrombin binding. A valine substitution
for alanine was therefore considered to have potential for
altering the activity of TM. TM sequesters thrombin, and
although best known for its role in hemostasis and throm-
bosis, the serine protease thrombin has several proinflam-
matory activities. For example, thrombin augments vascular
endothelial cell expression and/or release of nitric oxide
synthase,?' is chemotactic for monocytes and neutrophils,?
increases interleukin-1B-induced and TNF-induced neutro-
phil chemotaxis,? upregulates leukocyte adhesion molecules,
augments production of interleukin-6 and interleukin-8 by
endothelial cells, and regulates the proliferation and activa-
tion of lymphocytes and monocytes.*2*

Atherosclerosis is a chronic inflammatory disease.
TNF-0 and interleukin-6 are strong proinflammatory
cytokines involved in formation of atherosclerotic plaque.
Higher baseline levels of TNF-o (55.45 + 11.58 pg/mL
versus 52.70 £ 10.74 pg/mL; P < 0.05), interleukin-6
(31.53 £ 10.51 pg/mL versus 27.73 £ 8.37 pg/mL;
P < 0.01), and C-reactive protein (6.65 = 2.01 mg/L versus
4.06 £1.03 mg/L; P < 0.01) were observed in patients who
had suffered from carotid atherosclerosis in our studies.
Interestingly, compared with baseline levels of inflamma-
tory cytokines for the Val/Val genotype, higher baseline
levels of TNF-a, interleukin-6, and C-reactive protein
were observed for the Ala/Ala genotype both in cases and
controls. Whether valine substitution for alanine in TM
affects production of these inflammatory cytokines would
be worthwhile exploring further.

The relationship between the two types of amino acid
dimorphism in TM (Ala455 or Val455) and the development
of coronary artery disease and stroke is controversial. It has
been suggested the C/T dimorphism could be neutral with
respect to venous thrombophilia in the Dutch population.'*
Another report has shown that three TM gene polymor-
phisms (-1748G/C, —1208/-1209delTT, and +1418C/T)
are not associated with an increased risk of brain infarction
and mortality after stroke.?” In contrast, there have also been
several reports implicating amino acid 455 producing valine

Table 3 Allelic frequencies of Ala455 (A) and Val455 (V) in 384 healthy volunteers and in 144 patients with carotid atherosclerosis

Group Individuals with phenotype (n) TM: Ala/Ala TM: Ala455 Allelic frequency (%)
Val/Val Val/Ala Ala/Ala (%) carriers (%) Ala Val

Normal 144 201 39 10.2 62.5 36.2 63.8

Patients 39 79 26 18.1%* 72.9%% 455 54.5

Notes: *x? = 6.054; P = 0.014; **y2 = 5.018; P = 0.025.
Abbreviations: Ala, alanine; Val, valine; TM, thrombomodulin.
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Table 4 Inflammatory cytokines in 384 healthy control and in
144 patients with carotid atherosclerosis

Groups n CRP (mg/L) TNF-a (pg/mL) IL-6 (pg/mL)
Controls 384 4,06 + 1.03 5270 £ 10.74 27.73 £837
Patients 144 6.65+2.01* 5545+ |].58%* 31.53 £ 10.51**

Notes: *P < 0.05; **P < 0.01.
Abbreviations: CRP, C-reactive protein; TNF-0, tumor necrosis factor alpha;
IL-6, interleukin-6.

instead of alanine as a risk factor in myocardial infarction
and chronic heart disease. A cross-sectional study from
Sweden has investigated the dimorphism in 97 survivors of
premature myocardial infarction and 159 healthy controls,
and reported that the C allele is significantly more frequent
among patients than controls, and that the C/T dimorphism
may be an etiological factor in the pathogenesis of myocardial
infarction.'® Another report showed that the C/C genotype is
associated with increased risk of early onset ischemic stroke
(odds ratio 1.9, 95% confidence interval [CI] 1.1-3.3) among
US women aged 15-44 years after adjustment for age, race,
cigarette smoking, hypertension, and diabetes.'

Contrary to the above results, a prospective study from the
US examined TM455 genotypes in 376 patients with coro-
nary heart disease and 461 controls, and found that the C/C
genotype was significantly more prevalent in controls than in
patients. The results showed that having the T allele increased
the risk of coronary heart disease by 6.1-fold in blacks but
did not significantly increase the risk in whites.!* Consistent
with results from Sweden,'> we observed an association
between the C allele at this locus and carotid atherosclerosis
in the Chinese Han population. Our cross-sectional study
shows a significant difference in the distribution of the single
nucleotide polymorphism between cases and controls. Using
allele-specific PCR amplification in 384 normal subjects,
we demonstrated allelic frequencies of 36.2% for Ala455
and 63.8% for Val455. In the 144 patients with carotid ath-
erosclerosis, we found a statistically significant difference
in allele frequency compared with controls, of 45.5% and
54.5% for Ala455 and Val455, respectively (P < 0.05).

Table 5 Inflammatory cytokines in 65 individuals with phenotype
Ala/Ala (including cases and controls) and 183 individuals with
phenotype Val/Val (including cases and controls)

Groups n CRP (mg/L) TNF-o (pg/mL) IL-6 (pg/mL)
Val/Val 183 488+ 1.23 51.82+11.47 28.12 £ 897
Ala/Ala 65 5.85+ 1.58%  56.43 £ 12.34** 31.43 +9.65*

Notes: *P < 0.05; *P < 0.01.
Abbreviations: CRP, C-reactive protein; TNF-0, tumor necrosis factor alpha;
IL-6, interleukin-6.

Compared with the T/T genotype, Ala455 carriers (the C/C
plus C/T genotype) was significantly associated with carotid
atherosclerosis in the Chinese Han population. Further large
cohort studies are needed to determine whether this polymor-
phism is functionally related to TM expression or whether
the association is due to population stratification or linkage
to a nearby functional polymorphism. In conclusion, our
results seem to support a significant association between TM
Ala455Val dimorphism, inflammatory cytokines, and carotid
atherosclerosis in the Chinese Han population.
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