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TagMan-PCR method [25]. Among three missense
mutations, genotyping for 1418C>T (A455V) was
failed. Additionally, another common SNP (2729A>
C) which was in linkage disequilibrium (r-square>
0.9) with A455V mutation was genotyped instead of
A455Y mutation. Thus, five genetic variations were
successfully genotyped in 2247 subjects (1032 men
and 1215 women). The sequences of PCR primers
and probes for the TagMan-PCR method are avail-
able upon request. All clinical data and sequencing
and genotyping results were anonymous. The study
protocol was approved by the Ethical Review
Committee of Osaka University Hospital and Na-
tional Cardiovascutar Center. Gene analyses were
performed after informed consent had been
obtained in written.

Statistical analysis

Values are means+ S.E. The distributions of basic
characteristics in men and women in the Japanese
general population were examined using the Stu-
dent’s t-test or X* analysis. The correlations of two
missense mutations and three common SNPs with
sTM levels were examined by logistic analysis, with
adjustment for confounding factors, including age,
body mass index (BMI), present illness (hyperlipid-
emia and diabetes mellitus}, and lifestyle (smoking
and drinking). Odds ratios for each mutation are
presented both adjusted for age and age-BMI. All
analyses were performed using SAS (release 8.2, SAS
Institute Inc.}. Statistical significance was estab-

lished at p<0.05. Linkage disequilibrium was cal-
culated using SNPAlyze version 4.0 {DYNACOM Co.,
Ltd., Mobara, Japan).

Results

Characteristics of DVT patients

The clinical profiles of the 118 Japanese DVT
patients (59 men, 59 women aged 52.3+16.1)
are summarized in Table 1. Eight patients (6.8%)
had a DVT family history and 12 patients (10.2%)
had previous DVT. Sixteen patients (13.6%} suffered
from cancer and 21 (17.8%) had undergone major
surgery of the abdomen, hip or leg. Seven patients
(5.9%) had reduced plasminogen activity {<70%)
and 7 (5.9%) had reduced antithrombin activity
{<80%). Eight patients (6.8%)} had reduced PC
activity (<70%), and 10 patients (8.5%) had re-
duced PS antigen (<60%). To eliminate effects of
warfarin on PS/PC activities, we did not count
numbers of patients having reduced PC activity
(PC<70%) and PS antigen (PS<60%) when they had
taken warfarin.

Screening of TM gene for sequence variation
in DVT patients

On sequencing the TM gene in 118 DVT patients, we
identified 17 genetic variants (Table 2). Three of 17

Table 2 Genetic variations in TM gene identified in 118 Japanese DVT patients

SNPs LD Region Amino acid  Allele 1 Allele 2 Flanking sequence db SNP ID
substitution frequency (%) frequency (%)
“—B832C>A Promoter 9%.6 0.4 gggeagagegceg [c/a] tggtgttaggee
*—754G>C Promoter 99.1 0.9 caagegegctee [g/c] ctggtttectga
*—265C>A Exan(5'UTR) 99.6 0.4 aatccgagtatg [c/a] ggcatcageect
—202G>A A Exon(5'UTR) 89.2 10.8 geagggaggecc [2/a] ggcacttataaa
*—58G>C Exon(5'UTR) 98.3 1.7 ctgctecggeac [8/¢] gccctgtegeag
"1970T Exon(EGF4) H3B81 99.6 0.4 gececattcecea [c/t] gagecgeacagg
1208G>A Exon(EGF4) R385K 99.1 0.9 acgagccgeaca [g/a]gtgecagatgtt
1418C>T B Exon(EGF6) A435V 65.1 34.9 actcggeecettg [c/t] cecgccacattgg rs1042579
1456G>T Exon(Ser/ D468Y 99.1 0.9 tccggcaaggte [g/t] acggtogegaca
Thr-rich)
1754C>T Exon{3'UTR} 98.7 1.3 aggagectgget {o/t] cgtccaggagee  rs13306852
2005G>A A Exon(IUTR} 89.2 10.8 gtcctcactace [g/algecgeaggageg rs3176134
*2230T>C Exon{3'UTR} 99.6 0.4 tcttgstgaatt [t/c] ttitttcctage
"2487AST Exon{¥UTR} 93.1 6.9 ttcccagageaa [a/t] ataattttaaac
2521A>G Exon{3'UTR}) 79.8 20.2 gatptaaaaggt [a/g] ttaaattgatgt  rs1042580
2729A>C B Exon(3UTR}) 65.0 35.0 tgctctagattg [a/c] gagaagagacaa rs3176123
*3521--3522insT ¥ flanking 99.6 0.4 cteggattgtgt [—/t] gtetgttcactt
*3559T>A ¥ flanking 99.6 0.4 geectcatttia [t/a] gteattaaatgy

LD, mutations in linkage disequilibrium (group A; r-square=0.84, graup B r-square=0.93}; allele 1, major allele; allele 2, minor
allele; *, novel mutation; EGF, epidermat growth factor like domain; Ser/Thr-rich, serine/threonine-rich dosmain; UTR, untransiated

regian.

-117-



Haplotype of thrombomodulin gene in the Japanese population 39

Table 3  Basic characteristics of subjects in general population
Wormen (n=1213) Men (n=1032} P

Age, years £5.0. 64.6 £10.7 67.1+10.9 <{.0001
Systolic blood pressure, mm Hg +5.B. 123.5+19.8 126.1+£17.9 0.0008
Diastolic blood pressure, mm Hg £5.D. 74.3+10.4 77.2+10.4 <0.0001
Body mass index, kg/m?+5.D. 22.4+3.2 23.4%3.0 <0.0001
Total cholesterol, mg/dl+5.D. 215.9+£31.6 198.7+31.5 <0.0001
HBL-cholesterol, mg/dl +£5.D. 64,4+£15.1 35.2+14.0 <0.0001
Current smokers, % 4.4 27.2 <0.0001
Current drinkers, % 26.0 67.0 <0.0001
Present illness, %

Hypertension 353 42.8 0.0003

Hyperlipidemia 55.7 343 <0.0001

Diabetes mellitus 6.1 13.2 <0.0001

Hypertension indicates systelic btood pressure Z 140 mm Hg and/or diastolic blood pressure Z 90 mm Hg or use of antihypertensive
medication; Hyperlipidemia, total cholesterol Z220 mg/dl or use of antihyperlipidemia medication; Diabetes mellitus, fasting
plasma glucose =126 mg/dl or non-fasting ptasma glucose =200 mg/dl or HbA1c Z6.5% or use of antidiabetic medication. The
distributions of basic characteristics in men and women in general population were analyzed using the Student’s t-test or X2

analysis.

mutations were missense mutations (R385K; n=2,
A455VY; n=53 heterozygous, n=14 homozygous,
D468Y; n=2}. Four mutations within the TM pro-
moter region and the Y-untranslated region (5-
UTR} (—832C>A, —754G>C, —265C>A, -58G>C)
were rare. Twenty-five patients were heterozygous
carriers for the —202G>A mutation within the
promoter region, which was reported as a —33G>A
mutation. This mutation has been reported to
decrease TM promoter activity in vitro [26]. It was
in linkage disequilibrium (r-square>0.8) with
2005G>A in the 3-UTR. No patients were carriers
for previously reported mutations in the lectin-like

domnain [A25A (847G>C), E61A (954G>C)] [27,28].
One patient was heterozygous for a novel neutral
mutation within the fourth EGF-like domain [H381
{1197C>T)]. Two patients were heterozygous car-
riers for the previously described R385K mutation
(1208G=A} in the fourth EGF-like domain [28]. The
previously reported A455Y mutation (1418C>T) was
found within the sixth EGF-like domain (n=53
heterozygous, n=14 homozygous), an important
region for thrombin binding and activation of PC
[13]. This mutation was in linkage disequilibrium (r-
square>0.9} with the 2729A>C mutation within the
3 -UTR. Within the serine/threonine-rich domain,

Table 4 Genotype distribution of two missense mutations and three common single nucleotide polymorphisms
(SNPs) of T™M gene in DVT patients and in individuals in general poputation

SNPs {amino acid change) Genotypes  Individuals in general population DVT patients
Wornen Men Total Wornen Men Total
n (%) n (%) n (%) n (%) n (%) n (%)

~202 G>A GG 1009 (B3.1)  855(82.9) 1864 (83.0) 45 (76.3) 46 (80.7) 91 (78.5)
GA 192 (15.8) 157 (15.2) 349 {15.5) 14 (23.7y 11 {19.3) 25 (21.6)
AA 14 (1.2) 19 (1.8) 33 (1.5) 0 (0.0) 0 (0.0) 0{0.0)
Total 1215 1031 2246 59 57 116

1208 G>A (R385K) GG 1207 (99.3) 1023 (99.1)  2230{99.2) 57 (98.3} 56 (98.3) 113 (98.3)
GA B {0.7) 9 (0.9) 17 (0.8) 1{1.7) 1(1.8) 2 (1.7)
AA 0 {0.0) 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 1215 1032 2247 58 57 115

1456 G>T (D468Y) GG 1181 (97.3) 1015 (98.5) 2196 (97.7) 57 (96.6} 57 (100.0) 114 (98.3)
GT 33 (2.7} 16 {1.6) 49 (2.2) 2 (3.4) 0 (0.0) 2{1.7)
™ 0 (0.0) 0 (0.0) 0 (0.0} 0 (0.0} 0 {0.0) 0 (0.0)
Total 1214 1031 2245 59 57 116

2487 A>T AA 1001 (82.4) 873 {84.6) 1874 {83.4) 41 (B3.7) 47 (87.0) 94 (86.2)
AT 206 (17.0) 155 (15.0) 361 (16.1)  8(16.3) 7 (13.0) 15 (13.8)
T 8 {0.7) 4 (0.4) 12 {0.5) 0 (0.0) 0 {0.0) 0 (0.0}
Total 1215 1032 2247 49 54 109

2729 A>C AA 707 (58.2) 570 (55.2) 1277 (56.8) 24 {43.6} 22 {40.0) 46 (41.8)
AC 419 (34.5) 393 (38.1) 812 (36.1) 26 (47.3} 25 {45.5) 51 (46.4)
cc 89 (7.3) 69 (6.7) 158 (7.0) 5 (9.1) 8 (14.6) 13 (11.8)
Total 1215 1032 2247 55 55 110
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Table 5 Comparison of sTM levels by genetic variations of TM gene in general population
SNPs {amino Genotypes Women Men
acid change) Age-adjusted Multi-adjusted Age-adjusted Multi-adjusted
Mean+SE U/mt p Mean+SEU/mL p Mean+SE U/ml p MeantSEU/mt p

—202 G>A GG 16.9% 1.6 17.0+ 1.6 19.2£1.9 19.6+1.9

GA+AA 17.4+£0.2 0.73 17.4%0.2 0.77 19.9%0.2 .68 19.9+0.2 0.87
1208 G>A GG 17.4+0.2 17.4+0.2 19.9+£0.2 19.91£0.2
{R385K) GA+AA 16.2+2.4 0.62 16.0+2.3 0.54 205+2.2 0.79 20.4%2.2 0.84
1456 G>T GG 17.4+0.2 17.4+0.2 19.9+0.2 19.9+0.2
(D468Y) GT+TT 18.1+1.0 0.51 18.1%1.0 0.52 22.2%1.7 0.20 22.6+1.7 0.11
2487 A>T AA 17.6 +0.2 17.6£0.2 20.0+0.2 20.0%0.2

AT+TT 16.7+0.4 0.04 16.7+0.4 0.04 19.6%0.6 0.54 19.5%0.6 0.40
2729 A>C AA 17.9+0.2 17.94+0.2 20.4+0.3 20.3x0.3

AC+CC 16.7+ 0.3 <0.0t 16.8+0.3 <0.01 19.4+0.3 0.03 19.5%0.3 0.97

The correlations of five genetic variations with sTM level were examined by logistic analysis, adjusting for age and multiple factors,
including age, BMI, present illness (hyperlipidemia and diabetes mellitus), and lifestyle {smoking and drinking}.

two patients were heterozygous carriers for the
previously described D468Y mutation {1456G>T)
[29].

Characteristics of individuals in the general
population

The characteristics of the 2247 subjects of the
Japanese general population group (1032 men,
1215 women) are shown in Table 3. Age, systolic
bloocd pressure, diastolic blood pressure, BMI,
percentage current smokers, percentage current
drinkers, and freguencies of hypertension and
diabetes mellitus were significantly higher in men
than in women, while total cholesterol, HDL-
cholesterol, and percentage of subjects with hy-
perlipidemia were significantly higher in women
than in men.

Genotyping of two missense mutations
(R385K, D468Y) and three common SNPs
(—202G>A, 2487A>T, 2729A>C) and
association of sTM levels with TM
genotypes in the general population

In the general population of 2247 subjects, five
mutations were successfully genotyped (Table 4).
Plasma levels of sTM were measured in all subjects.

As shown in Table 5, sTM levels were significantly
lower in C-allele carriers of the 2729A>C mutation
than in non-carriers in the general population
{women: 16.7+£0.3 U/ml vs. 17.9x0.2 U/mi,
p<0.01, men: 19.4+0.3 U/ml vs. 20.4£0.3 U/ml,
p=0.03), when adjusted for age. Additionally, in
male patients, the CC genotype group was associat-
ed with significantly higher DVT risk than the
combined AA/AC genotype after adjustment for
age and age-BMI (odds ratio=2.76, 95% confidence
interval=1.14-6.67; p=0.02 and odds ratic=2.98,
95% confidence interval=0.21-7.33; p=0.02, re-
spectively) (Table 6). This mutation was in linkage
disequilibrium {r-square>0.9) with the A455V mu-
tation (Table 2).

Discussion

Several mutations within the TM gene have been
reported in small numbers of patients with DVT
[27,30—33]. However, it was reported that poly-
morphisms within the TM gene were not common
risk factors for incidental DVT in a recent Caucasian
population-based case-control study [34]. Because
the factor V-Leiden mutation is not detected in
Japanese DVT patients [7], while PS Tokushima
mutation (K196E) is a risk factor for DVT in a

Table 6 Odds ratios and 95% confidence intervals for DVT in relation to 2729A>C in T™ gene

Genetypes  Women Men
Age-adjusted Age, BMIl-adjusted Age-adjusted Age, BMi-adjusted
0dds ratie {95% Cl} p Odds ratio (95% Cl} p 0dds ratio (95% Cl} p Odds ratio (95% Cl) p
AA+AC 1 {reference) 1 {reference} 1 (reference) 1 {reference)
cc 0.97 0.95 0.96 0.93 2.76 0.02 2.98 0.02
(0.35-2.70) (0.34-2.70) {1.14-6.67) {0.21--7.33)

(1, confidence interval.
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Japanese population [9,10], we suspected that
frequencies of the TM mutations in Japanese DVT
patients might differ from those in Caucasians. We
therefore performed a case-control study to test
TM polymorphisms for asseciations with DVT in
Japanese. In this study, we found that sTM levels
were lower in those with 2729C and 2729C was
more common in DVT patients than in the general
population. It is a reasonable assumption that the
low sTM levels in plasma reflect the decreased T™M
expression on endothelial cells. If so, the capacity
of the PC anticoagulant system, which is comprised
of TM, PC and PS, would be decreased to thrombo-
sis-prone.

We first screened the TM putative promoter,
exon, and 3'-UTR regions for sequence variations in
a random sample (n=118) of DVT patients, and
identified one novel neutral mutation (1197C>T,
H381) and three previously described missense
mutations (1208G>A; R385K, 1418C>T; A455Y,
1456G>T; D468Y) (Table 2). As shown in previous
report showing A455V mutation within the sixth
EGF-like domain, an important region for thrombin
binding and activation of PC, was a common
missense mutation [13], the frequency of A455V
mutation was also higher than the other mutation
found in this study. The 1197C>T (H381, n=1)
mutation and 1208G>A (R385K, n=2) mutation
within the fourth EGF-like domain were rare.
Although the fourth EGF-like domain serves as the
binding site for PC, the functional consequences of
the Arg-to-lys substitution at position 385 are not
known. D468Y mutation kies in the serine/threo-
nine-rich domain. An in vitro study showed that this
mutation did not cause any abnormality in levels of
praduction or functional activity of TM [31]. In our
study, patients carrying this mutation were rare
(n=2).

We genotyped five genetic variants in the 2247
population-based controls (Table 4). We failed in
genotyping for the A455V mutation, so the
2729A>C mutation in linkage disequilibrium with
the A455V mutation was genotyped. in the Japa-
nese general population, the frequency of
2729A>C mutation (36.1% heterozygous, 7.0%
homozygous) was higher than that of A455Y
mutation in Caucasians {24.0% heterozygous,
4.3% homozygous) and African-Americans {15.9%
heterozygous, 2.2% homozygous) [33]. Since the
frequency of A455V mutation in the Chinese
population has been reported to be 45% hetero-
zygous and 9% homozygous [35], the frequency of
the 2729A>C mutation in our study was similar to
the result in the Chinese population. This differ-
ence in genotype frequency may be associated
with differences in ethnical genetic background.

The extracellular region of endothelial TM is
cleaved and the cleaved fragments are called sTM.
sTM processes anticoagulant properties, and sTM
levels reported to have a statistically significant
correlation with sTM cofactor activity in healthy
individuals [36,37]. The LITE Study reported that
sTM levels tended to exhibit gene dosage effects,
with AA-genotype of A4535Y mutation carriers
exhibiting approximately 10% higher sTM Llevels
than VV-genotype of A455Y mutation carriers, and
values for the AV-genotype carriers were interme-
diate, with no significant differences among these
three groups [33]. In our study, particularly in
women, sTM levels in individuals carrying 2729A>C
mutation were lower than those in noncarriers
(Table 5). Since the 2729A>C mutation and the
A455V missense mutation are in linkage disequilib-
rium, our findings might support those of these
previous reports, For the other mutations, there
was no significant difference in sTM level among
the genotypes. Despite much interest in sTM as a
marker of endothelial injury, few studies have
investigated the relationship between sTM and
DVT. The findings of previous studies are conflicting
or difficult to judge, partly because of small sample
sizes or cross-sectional design [33,38—40]. However,
systemic infusion of recombinant sTM has been
shown to have antithrombotic potential and dose-
dependent effects in the prevention of venous
thrombasis after total hip replacement [41,42].
Moreover, the ARIC Study, performed in the United
States, reported that high levels of sTM are associ-
ated with a lower risk of incidental coronary heart
disease [43].

Finally, we compared the genotype frequencies
in the papulation-based controls with those in the
DVT patients. In male DVT patients, the frequency
of 2729A>C mutation was higher than in the
population-based controls (Table 6). The LITE Study
reported no difference in the frequency of A455Y
mutation between DVT patients and controls
among Caucasians and African-Americans [33]. This
discrepancy might come from the difference of
sample size, ethnical genetic background or study
design. Especially, in our study, difference of mean
ages between DVT patients (52.3 + 16.1 years old)
and general population {(women: 64.6 +10.7 years
old, men: 67.1+10.9 vears old} may affect the
results, although all analysis has been done in age-
adjusted manner.

Additionally, significant decrease of sTM levels in
the C-allele carriers of 2729A>C mutation was
found in women, whereas not much in men in our
study (Table 5), However, the incidence of DVT was
associated with only men, but not women {Table 6).
The mechanisms by which 2729A>C mutation might
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contribute to DVT in only men are unknown. This
inconsistency might be derived from gender differ-
ences or a lack of statistical power due to the
sample size. Regarding the gender differences, TM
proteins are known to be modulated by estrogens
[44]. 17p-estradiol is known to reduce the antico-
agulant properties of endothelial cells by decreas-
ing thrombomodulin expression. This can well
explain the gender difference of sTM levels, where
men showed higher sTM levels than women. The
anticoagulant activity of TM was destroyed by
oxidation caused by chloramine T, H;0;, or hypo-
chlorous acid generated from H,0; by myeloperox-
idase [45]. Activated neutrophil, the primary in
vivo source of biological oxidants, also rapidly
inactivate TM. Oxidation of Met388 in the sixth
EGF-like domain was critical for inactivation. Men
are supposed to have greater oxidative stress than
women. If so, men might be exposed more for DVT
risk. Thus, we suppose that the cause of gender
difference in relationship between TM polymor-
phism and DVT may be via the influences of
hormonal and environmental effects.

We observed that 2729A>C mutation and A455Y
mutation are in linkage disequilibrium and 2729A>C
mutation is associated with sTM levels and DVT. At
present, the causative genetic mutations for this
association are not known. A455V mutation may
directly affect the expression of TM molecule.
2729A>C mutation in the ¥-UTR may affect the
mRNA stability. TM mRNA is known to be unstable
[46], and C-allele may create more unstable mRNA.
Two polymorphisms may be in linkage disequilibri-
um with another genetic variation in the region
that was not examined by sequencing. Therefore,
additional in vitro studies are required for the
identification of the functional genetic variation.
Since association studies are not consistently
reproducible due to false-positives, false-negatives
or true variability in association between different
populations [47], the association of TM polymor-
phism to sTM levels and DVT must be reexamined in
other populations.

In summary, TM mutations, especially those with
a haplotype consisting of 2729A>C and A455V,
affect sTM levels, and may be associated with
DVT in Japanese.
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Protein S-K196E mutation as a genetic risk factor for deep vein thrombosis

in Japanese patients

Deep vein thrombosis (DVT) is a muitifactorial disease caused by
interactions between acquired risk factors and coagulation abnormali-
ties.! In whites, the factor V-Leiden and the prothrombin-20210G> A
are widely recognized as genetic risk factors for DVT. However, these 2
mutations are not present in Japanese populations, and little is known
about the genetic risk factors for DVT in these populations. In this study,
we evaluated the genetic contributions of 5 polymorphisms in Japanese
DVT patients. The plasminogen-A620T mutation, formerly referred to
as plasminogen-Tochigi, and the protein S-K196E mutation, formerly
referred to as protein S-Tokushima, exhibited decreased activities of
plasminogen and protein S despite normal antigen levels.®* The
ADAMTS13-P4755 mutation exhibited low von Willebrand factor—
cleaving activity in vitro.3 The factor XII-4C>T substimuton in the
S'-untranslated region, formerly referred to as 46C>T, showed de-
creased plasma levels of both antigen and activity® The plasminogen
activator inhibitor-1 (PAL-1} 4G/5G polymorphism is related to in vitro
differences in transeription activity.” We genotyped subjects for these 5
polymorphisms and compared their genotypic frequencies between 161
DVT patients and 3655 population-based controls. The protocol for this
study was approved by the ethical review commitiee, and only those
subjects who provided written informed consent for genetic analyses
were included in this study. All participants of this study were Japanese.
The controls were from a general population randomly selected from the
residents of Suita City located in the second largest urban area in Japan
(the Suita Study).¥ One hundred sixty-one DVT patients, 78 men and 83
women, were registered by the Study Group of Research on Measures
for Intraciable Diseases, working under the auspices of the Ministry of
Health, Labor, and Welfare of Japan. Six centers (Tochigi, Tokyo,
Nagoya, Kyoto, and 2 in Osaka) participated in this study. The patients’
mean age was 40,5 years (range, 12-87 years) and their mean body mass
index was 23.6 = 3.3. Thirteen percent of patients had a family history
of thrombosis, and 16% of the patients had recurrent thrombosis.

Of all the polymorphisms tested, only the frequency of protein
5K 196E was statistically different between the 2 groups (x* = 38.3,
P < .001) (Table 1). No other frequency differences were statisti-
cally significant. Two DVT patienis were homozygous for the
protein 5-196F allele; however, no homozygoles were identified in
the control group. One patient with the 196EE genotype first
develaped DVT following surgery at age 47, while the ather patient
devetoped DVT during pregnancy al age 32.

The mutant protein § with the E allele has already been iniensively
studied as protein S-Tokushima.!! The protein S mutant showed the
reduced activated protein C cofactor activisy compared with wild-type
protein S, suggesting a direct link between the protein S-KI96E

Table 1. Numbers and genotypic frequencies of protein S—-K196E
mutation in the DVT and control groups

Genotypes General population, no. (%) DVT group, no. {3%)

Additive model”

KK 3585 (98.2} 146 (30.7}

KE 66 (1.8) 13 (8.1)

EE 0 (0.0 2{1.2)

Total 3651 (100.0} 161 (100.0)
Dominant modelt

KK 3585 (98.2) 146 (90.7)

KE + EE 66 (1.8) 15(9.3)

Total 3651 (100.0) 161 {160.0}

DNA genotyping was performed by the TagMan allele discrimination method.?
We have adopled the numbering slandards of the Nomenclature Working Group,
wherein the A of the AT of the initialor Met codon is denoled as nucleotide + 1, and
the initia} Met residue is denoled as aminc acid + 1, resulting in the renaming of
several mutant alleles.’® Comparisons between the DVT cases and the controls were
analyzed using a x? lesl with the genotypes as independent variables (indicated by P
and OR) or using mulliple logistic analyses with the genotypes as independent
variables and age and sex as covariates {indicated by P and OR’).

“For comparison of generas population to DVT group, P was not determined.

t+For comparison of general population 10 DVT group, P < .001; OR = 5.58
{3.11-10.01); P < .007; OR’ = 4,72 (2.38-9.31).

mutation and the develepment of DVT. By the genotyping of the general
population, the protein 5-196E allele frequency was estimated as 0.009,
Thus, a substantial portion of the Japanese population harbors this
mutant abiele and is at higher risk for DVT.
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Risks and Pregnancy OQutcome in Women With Prosthetic
Mechanical Heart Valve Replacement

Kazuya Kawamata, MD*#%; Reiko Neki, MD*; Kaoru Yamanaka, MD*; Shiho Endo, MI>¥;
Hirotugu Fukuda, MD*; Tomoaki Tkeda, MD*, Tsutomu Douchi, MD**

Background Pregnancy after mechanical heart valve replacement is highly risky for both mother and child
because of the aggravation of maternal heart function and adverse effects of anticoagulation therapy. In Japan,
however, the risks and pregnancy outcomes in women with prosthetic mechanical heart valve replacement
remain to be elucidated.

Methods and Results In the present study 16 pregnancies in 12 wormen with prosthetic mechanical heart valve
replacement were identified between 1983 and 2005, At 6-13 weeks of gestational age, warfarin, an anticoagu-
lant agent, was changed to heparin and administration was continuously adjusted according to the activated par-
tial thromboplastin time level up to the time of delivery. Major maternal complications and pregnancy outcomes
were retrospectively investigated. The valve replaced was mitral (n=7), tricuspid {n=7), and aortic (n=2). Eight
(50%) of 16 had cesarean live births. One case was delivered at full term, and 7 cases were delivered preterm
(2636 weeks) because of maternal indications. Two babies died in the neonatal period. Therapeutic abortion
was performed in 3 cases, 4 cases ended in early miscarriage, and | case ended in intrauterine fetal death (30
weeks), Three mothers developed valve (mitral, tricuspid, aortic) thrombosis. There was 1 maternal death from

heart failure.

Conclusions Pregnancy after mechanical heart valve replacement requires strict control of coagulation. Spe-
cial attention should be paid to the occurrence of complications during anticoagulation therapy. (Cire J 2007,

71:211-213)

Key Words: Fetal outcome; Heparin; Maternal complication; Mechanical heart valve replacement; Pregnancy

outcome; Warfarin

rheumatic heart disease in young women has de-

creased the prevalence of mechanical heart valve
replacement, and developments in cardiac surgery have
replaced mechanical heart valves with biological heart
valves, these same advances in cardiac surgery have ena-
bled women with mechanical heart valves after surgery for
complex cardiovascular anomalies to survive long term.
For such women, long-term management of coagulation is
essential.

Pregnancy after mechanical heart valve replacement has
the potential risks of maternal heart failure, arrhythmia,
infectious endocarditis, and maternal death with advancing
gestational age! For such cases, obstetricians have some-
times chosen therapeutic abortion or premature birth to
save the mother’s life. In addition, anticoagulation therapy
using warfarin throughout the pregnancy carries risks of
inducing congenital fetal anomaly, abortion, and early neo-
natal death, as well as maternal hemorrhage? However,
inadequate anticoagulation therapy may induce thrombo-
embolism. Thus, pregnancy in women with prosthetic

ji lthough the recent decrease in the prevalence of
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mechanical heart valve replacement remains problematic
and troublesome even now. In Japan, however, only limited
data are available with regard to the impact of mechanical
heart valve replacement and anticoagulation therapy on
pregnancy outcome and risks.

Methods

We retrospectively identified 16 pregnancies in 12 women
with prosthetic mechanical heart valve replacement man-
aged between 1983 and 2005 at the Department of Peri-
natology, National Cardiovascular Center, Osaka, Japan,
Warfarin, an anticoagulation agent, was changed to heparin
around 6-13 weeks of gestational age, and administration
of heparin was continued to parturition. The dose of heparin
was regulated from 20,000 to 30,0001Ufday, according to
the circulating activated partial thromboplastin time (APTT)
levels. APTT in patients was maintained 2--3-fold higher
than in controls. Except for those who strongly desired to

Table 1 Fetal QOutcomes for the Enrolied Subjects (n=16%)

Live birth

Term

Preterm
Spontaneous abortion
Therapeutic wbortion
Intrauterine fetal death

e e B =

#Sixteen pregnancies in 12 women,
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Table 2 Details of the Live Births

KAWAMATA K eral,

Case Valve Mode of Birth weight Fetal Change to heparin Heparin P o
Ag. site detivery {g) outconie (weeks of gestation) delivery Wafarin Complications
! Mitral 38W-CS 2,458 Alive 6 sC - -
2 Mitral 33W . elective CS 1,730 Alive 8 sC - Valve thrombosts
3 Mitral 3IW.-CS 1,968 Alive 6 sC - Dissection of
{marfan syndrome) carotid artery
4 Tricuspid 33W.CS 1,620 Alive 13 SC - Subchorionic
{functional MV) hematoma
5 Tricuspid 27W.C§ 1,063 Alive 4-15, 26 Div + Fetal hydrocephalus
(functional MV) {hydrocephalus)
G Tricuspid 36W - elective CS 2,104 Alive 5 Div - -
{functional MV)
7 Aortic 26W.CS 797 Dead 5 Div - ICH
{IVH)
8 Tricuspid 27W-CS 1,063 Dead (pulmonary 6 DIvV/SC/DIV - ICH,
hemorrhoge - {VH) Valve thrombosts

W, weeks: CS8, cesarean section; SC, subcutaneous; MV, mitral valve; DIV, dr}'p infusion; {VH, intra ventricular hemorrage; ICH, intracranial hemorrhage.
Cases 5 and 6 were the saine mother; cases 4, 13, 14, and 15 were the same mother.

Table 3 Details of Fetal Loss
Case Valve site Change to heparin  Abortion or IUFD Gutcome
no. (weeks} (weeks)
9 Mitral 5 7 SA
10 Mitral 9 9 SA
H Mitral 10 10 SA
12 Mitral 10 10 SA
13 Tricuspid {fiunctional MV) 4 g Therapeutic abortion
14 Tricuspid (functional MV) 10 19 Subchorionic hematomalTherapeutic abortion
i35 Tricuspid (functional MV) 5 15 Subchorionic hematoma/Therapeutic abortion
14 Aortic 27 30 TUFD during extracorporeal circulation

TUFD, intrauterine fetal death; SA, spontaneous abortion. Other abbreviation see in Table 1.

Cases 4, 13, 14, and 15 were the scune mother.

Table 4 Comparison of Complications Between Women Receiving Subcutaneous and Intravenous (Drip Infusion) Heparin

Bleeding
Anticoagulation regimen Valve thrombosis Subchorionic 1cH Perinatal Maternal death
hematoma bleeding
Heparin (SC) (n=7} 2 0 2 4]
Heparin (DIV) {n=4) 0 2 2 0

Abbreviations see in Table 2.

remain as outpatients, paticnts was hospitalized in principle
throughout pregnancy. For the patient who hoped to be
managed at home, heparin was administered by subcuta-
neous injection, and APTT for 6 h afterward was controlled
to 2-3-fold the normal value. Continuous intravenous in-
fusion of heparin was given to all cases before labor, and
administration of heparin was stopped at delivery. Six to
12h after parturition, heparin was administered again and
then changed 1o warfarin after the decrease in postpartum
uterine bleeding. Pregnancy outcomes, including maternal
complications and fetal outcomes, were retrospectively in-
vestigated. Valvular thrombosis, subchorionic hematoma,
maternal intracranial hemoirhage, and perinatal bleeding
were compared between the women receiving subcuta-
neous injections and those receiving drip infusions.

Resulis

Table | shows the fetal outcomes for 16 pregnancies in

12 women with mechanical heart valve replacement: there
were & live births (50%) and 8 cases of fetal loss.

Table2 shows the details of the 8 live births. The gesta-
tional ages of these infants ranged from 26 to 38 weeks. One
case (case 1) was delivered af full term, and 7 cases (cases
2-8) were delivered preterm because of maternal indica-
tions. All cases were delivered by cesarean section. Two
neonates died (cases 7,8). Two patients {cases 2, 8) who had
received subcutaneous heparin therapy developed valvular
{mitral, tricuspid) thrombosis, and thrombolytic therapy was
performed during pregnancy. Patient 5 who had received
heparin from 4 to 15 weeks and then warfarin from 16 10 26
weeks, underwent termination because of fetal hydroce-
phalus associated with intracranial hemorrhage.

Table3 shows the details of the women with fetal loss.
Four pregnancies (cases9-12) resulted in spontaneous
abortion at an early stage. Therapeutic abortion was per-
formed in 3 cases (cases 13—15). In case 13, abortion was
performed at the patient’s request. Case 14 ended in thera-

Circutlation Journal  Vol. 71, February 2007
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peutic abortion because of intrauterine infection associated
with the enlarged subchorionic hematoma. In case 15,
aggravation of maternal anemia from massive subchorionic
hemorrhage resulted in therapeutic abortion. Case 16 was a
very severe case. The patient did not receive anticoagula-
tion therapy at her own request 26 weeks of gestational
age, and she then developed aortic valve thrombosis, At 30
weeks, the aortic valve was surgically replaced, but intra-
uterine fetal death occurred during intraoperative extracor-
poreal circulation and the mother also died of heart failure
3 days after cardiac surgery.

Table4 is a comparison of complications in the patients
receiving subcutaneous and those receiving intravenous
(drip infusion) heparin. Valvular thrombosis formation
occurred more frequently in the subcutaneous group, but
the risk of bleeding was comparable between the 2 groups.
Mean gestational age at the change to heparin in the cases
of early miscarriage was 8.5 weeks (5-10 weeks), com-
pared with 6.6 weeks (5-13 weeks) in the cases of continu-
ing pregnancy. It appears that in cases of early miscarriage
the change to heparin was often delayed. There was no
heparin-induced thrombocytopenia.

Complications occiured in 3 patients with prosthetic me-
chanical heart valve replacement (cases 2,8, 16) because of
valve thrombi formation, in 4 cases (cases 3—6) because of
bleeding after surgery, and in 3 cases (cases 4, 14, 15) be-
cause of subchorionic hematoma.

Discussion

Currently, biological heast valve replacemeni is being
performed in young women because it does not require anti-
coagulation therapy? but biological valves require replace-
ment after 10-154 whereas mechanical valves do not,
although they require long-term anticoagulation therapy to
minimize the high risk of associated thrommboembolic com-
plications. Pregnancy is a physiclogic hypercoagulable state
that further increases the risk of functional deterioration of
the valve. There are several reports of the risks and preg-
nancy outcomes in women with mechanical heart valve
replacement in Western countries/=347 but only limited
data are available in Japan.

Although warfarin is an easily administered and conirol-
lable drug, switching to heparin in the early weeks of ges-
tational age is recommended because warfarin carries a
potential risk of teratogenicity and higher rate of fetal
lossS” We have conventionally performed anticoagulation
with subcutaneous heparin administration, but it can some-
times be difficult to control maternal coagulability with this
technique because of the drug’s narrow therapeutic range.
In fact, in the present study, 2 patients developed valve
thrombosis during subcutaneous heparin therapy, but this
was not observed in women receiving intravenous heparin.
Intravenous drip infusion of heparin may be superior to
conventional subcutaneous administration.

The rate of healthy babies born to these mothers was
37.5% (6/16), which appears to be lower than that reported
by Nassar et al? It is possible that the anticoagulation
therapy we administered was inappropriate. Two mothers in
the intravenous heparin therapy group developed intracea-
nial hemorrhage, but in both cases the APTT was extended
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approximately 2-fold, so it is unlikely that drip infusion of
heparin contributed to the maternal intracranial hemorrhage.
Recently, in Japan, there have been several reports that
lower doses of warfarin are recommended for non-pregnant
Japanese patients with atrial fibrillation or prosthetic heart
valves, in order to maintain anticoagulability and reduce
side-effectss~!! .

Vitale et al demonstrated dose-dependent fetal complica-
tions of warfarin in pregnant women with mechanical heart
valves and they concluded that 2 dose less than 5mg of
warfarin does not have a major impact on the fetus!? How-
ever, it remains unclear whether warfarin at less than
5mg/day would be appropriate for pregnant Japanese
women because of racial differences in lifestyle, food
intake, drug metabolism, body size, and bleeding tendency.
Thus, further data for Japanese women should be gathered.

In the present study the rate of healthy babies bom to
women with mechanical heart valve replacement was
lower than that reported from Western countries. Anticoag-
wlation therapy using heparin might be inappropriate, so it
is necessary and warranted to determine the appropriate
dose and route of heparin therapy for pregnant Japanese
women with prosthetic mechanical heart valve replace-
ment.
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Inflammatory Response to Acute Myocardial Infarction
Augments Neointimal Hyperplasia After Vascular Injury in
a Remote Artery

Minoru Takaoka, Shiro Uemura, Hiroyuki Kawata, Kei-ichi Imagawa, Yukiji Takeda,
Kimihiko Nakatani, Noriyuki Naya, Manabu Horii, Shigeru Yamano, Yoshihire Miyameto,
Yasunao Yoshimasa, Yoshihiko Saito

Objective—Percutaneous coronary intervention (PCI) is currently the most widely accepted treatment for acute myocardial
infarction (AMI). It remains unclear, however, whether post-AMI conditions might exacerbate neointimal hyperplasia
and restenosis following PCIL. Given that both a medial smooth muscle cell lineage and a bone marrow (BM)-derived
hematopoietic stem cell lineage are now thought to contribute to neointima formation, the primary aims of the present
study were 1o determine whether AMI augments neointimal hyperplasia at sites of arterial injury, and whether

BM-derived cells contribute 1o that process.

Methods and Results—We simultaneously generated models of AMI and arterial injury in the same mice, some of which
had received BM transplantation. We found that AMI augments neointimai hyperplasia at sites of femoral artery injury
by =35% (P<0.03), but that while BM-derived cells contributed to necintimal hyperplasia, they did not contribute to
the AMI-related augmentation. Expression of interlevkin (IL)-6 mRNA was =7-fold higher in the neointimas of mice
subjected to both AMI and arterial injury than in those of mice subjected to arterial injury alone. In addition., we
observed increased synthesis of tumor necrosis factor (TNF)-a within infarcted hearts and TNF-a receptor type |
(TNFR1) within injured arteries. Chronic treatment with pentoxifylline, which mainly inhibits TNF-e synthesis, reduced
levels of circulating TNF-a and attenuated neointimal hyperplasia after AMI.

Conclusions—Conditions after AMI could exacerbate postangioplasty resienosis, not by increasing mobilization of
BM-derived cells, but by stimulating signaling via TNF-«, TNFR1 and IL-6. (Arterioscler Thromb Vasc Biol. 2006;

26:2083-2089.)

Key Words: bone marrow & inflammation @ myocardial infarction @ restenosis ® smooth muscle cell

B oth the occurrence and eventual healing of acute myo-
cardial infarction (AMT) evoke inflammatory processes
that lead to clinical components of instability, as evidenced
by the high rate of subsequent coronary artery events,
including recurrent MI and in-stent restenosis after percuta-
neous coronary intervention (PCI).'-2 It is well known from
both experimental and clinical observations that local upregu-
jation of the expression of proinflammatory cytokines in
activated smooth muscle cells (SMCs) contributes signifi-
cantly to restenosis after balloon angioplasty and stent im-
plantation.*5 In the setting of AMI, moreover. various proin-
flammatory cytokines and growth factors, including TNF-a,
IL-18, IL-6 and vascular endothelial growth factor (VEGF),
are expressed in both infarcted and noninfarcted regions of
the heart, and their plasma levels are elevated for =2 weeks
after AMI5-'¢ raising the possibility that they, too, contribute
to neointimal hyperplasia after PCIL

Recent findings suggest that 2 lineages of neointimal
SMCs are involved in vascular remodeling after injury: a
medial SMC lineage whose activation is triggered by various
proinflammatery cytokines (the classicai scenaric), and a
newly identified bone marrow (BM)-derived hematopoietic
stem cell lineage.!-12 It now appears that hematopoietic stem
cells and endothelial progenitor cells are released from BM
into the peripheral circulation during the early phase of
AML#4s Thus, the mechanism for AMI-related vascular
remodeling is apparently more complex than was recognized
before the emergence of these new findings.

Within that context, the first aim of the present study was
to determine whether AMI is, itseif, capable of promoting
neointimal hyperplasia at distant sites of arterial injury, such
as would be caused by PCI. If so, the second aim of this study
was to determine whether BM-derived cells contribute to that
process. To accomplish these aims, we simultanecusly gen-
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erated experimental models of AMI and femoral arterial
injury in the same mice, some of which had previously
received BM transplantation (BMT) from green fluorescence
protein (GFP) mice. Here we show that the inflammatory
response to AMI augments necintimal hyperplasia in the

injured femoral artery, but whereas BM-derived cells contrib-

ute to that neointima formation, they do not significantly
contribute to the AMI-related augmentation of the response.
Moreover, we demonstrate that the TNF-a synthesis inhibitor
pentoxifylline {PTX)#-17 reduces ievels of circulating TNF-«
and attenuates neointimal hyperplasia after AMI. Apparently,

cross-tatk between the heart and injured artery via signaling

pathways mediated by inflammatory cytokmes, eSpec:ally

TNF-et, TNF receptor type 1 (TNFR1) and IL*6, are mvo]ved

in this process. Laeow e

Ly e R

Materials and Metfxodé

Animals

C57BLJ/6 mice were purchased from SLC (Shizuoka, .Tapan) Trans-
genic mice (CS7BL/6 background) that ubiquitously express en-
haticed GFP (GFP mice) were a generous gift from Dr Masaru Okabe
(Osaka University, Osaka, Japan).!® All experimental procedures
were performed in accordance with protocols approved by the Ethics
Review Committee for Animal Experimentation of Nara Medi-
cal University and National Cardiovascular Center,

Bone Marrow Reconstituticn

Bone marrow reconstitution (BMT) was performed as described
previously.}t One day after exposing 8-week-old male wild-type
mice to a lethal dose (9.0 Gy) of X-imadiation, they received a tail
vein injection of unfractionated BM cells {iX10% that had been
harvested from the femora and tibias of GFP mice and suspended in
0.2 mL of phosphate-buffered saline. Eight weeks after BMT,
peripheral leukocytes had been reconstituted to >90% of control, as
determined by flow cytometry.

AMI
AMI was induced in mice as described previously.#20 The precise methods
are described oniine only. Please see hip:/fatvb.ahajournals.org.

Vascular Injury

Vascular injury (V1) was induced as described previously.?! Mice
were anesthetized by intraperitoneal injection of pentobarbital {50
mg/kg), and the femoral artery was exposed. A straight spring wire
(0.38 mm in diameter, No. C-SF-15 to 15; COCK, Bloomington,
Ind) was then inserted into the femoral artery, left in place for 1
minute to denude and dilate the artery, then removed.

Measurement of Neointimal Hyperplasia

For morphometric studies, femoral arteries were harvested 4 weeks
after injury, and digitalized images of these vessels were obtained
and analyzed using image analysis software {(Version 3.2; Soft
Imaging System, Munster, Germany). The lumen, internal clastic
famina (IEL), and external elastic lamina (EEL) were defined, and
the intimai (lissue between lumen and IEL) and medial (tissue
between IEL and EEL) areas were recorded. Neointtma/media area
(NT/M) ratios were also calculated.

Immunohistochemistry and

Immunefluorescent Staining

Meitheds for immunchistochemistry and immunofluorescent staining
were performed standard methods, and their details were described
online only. Please see hitp://atvb,ahajournals.org.

September 2006

¢DNA Array Analysis

Total RNA waes isolated from pooled arteries {a=6 for each group)
" using a QIAGEN RNeasy Minikit (QIAGEN Inc, Valencia, Calif).
. Murine U74A version 2 GeneChips were purchased from Affymetrix

(Santa Clara, Calif) and hybridization was carried out according to

the manofacturer’s instructions.

Measurement of Pro;nﬂammatory

Cytokine mRNA .-

RNA was isalated from pooled arteries (n=6 to 8 for each group}
using a QTAGEN RNeasy Minikit (QIAGEN Inc, Valencia, Calif)
and then amplified using a MessageAmp™ Kit (Ambion, Austin,
Tex), whick enables amplification of very small amounts of RNA.
- . RNAalso was isolated from hearts using TRIzol Reagent (Invitro-
.gen, Ca.rlsbad ‘Calif)y, after whxch ‘cDNA was gencratt:d using both
RNA samp!es and an, Inv;trogen SuperScript Rcversc Transcnp-

" 1ase K3t (nvitrogen,’ Car]s"bad Calif). Real- time polymerase chain

% reaction (PCR) was thén performed inan ABI-Prism 7700 (Applied
‘Bmsysfems. Foster City, Calif) vsing Tagman Universal PCR Mas-
“terMix (Apphed Biosystems). The oligonucleotide probes and prisn-
ers for IL-6, MCP-1, VEGF, transforming growth factor (TGF)-
B.stromal cell-derived factor (SDF)-le, IL-13, and TNF-a were
purchased from- Applied Biosystems.

Measurements of Plasma TNF-a Levels

Plasma TNF-a Jevels were measured using a mouse TNF-o enzyme-
linked immunosorbent assay kit (eBioscience, San Diego, Calif}
according to the manufacturer instructions. The minimum detectable
concentration of TNF-a was 8 pg/mL.

Experimental Protocols

Depending on the experiment, mice were placed inlo one of four
groups: the AMI-+VT group were subjected to both AMI and femoral
arterial injury; the VI group was subjected to a sham operation and
femoral arterial injury; and the AMI and sham-operated groups
received only AMI or the sham operation, respectively. Mice that did
not receive BM cells were used to compare nevintimal hyperplasia
and mRNA expression among the groups. Two weeks after AMI,
femoral arteries were carefully excised from 6 to § mice in each
group and pooled for analysis of mRNA expression, Data from 2
independent experiments were averaged. Four weeks after AMI.
femaoral arteries were excised from 10 mice in each group to measure
neointimal hyperplasia. Again, 2 series of these experiments were
performed. In addition, 1o detect BM-derived celis within the
neointima, we performed similar experiments using 6 mice that had
received BM cells in each group.

In some mice in AMI+ V1 and VI groups, PTX (30 mg/kg per day)
or vehicle (Veh) (phosphate-buffered saline) was infused intraperi-
toneatly using an osmotic minipump {Alzet, Cupertino, Calif) for 4
weeks after AMI or sham operation. At the end of the 4-week
treatment peried, the mice were euthanized and peripheral blood was
collected 10 measure circulating TNF-a levels, and the injured and
sham-operated femoral arteries were collected to assess the neointi-
mal hyperplasia.

Statistical Analysis

All results are expressed as means®SEM. Differences between
groups were evaluated for statistical significance using Student 7 test,
Values of P<0.05 were considered significant.

Results

Myocardial Infarction Augments Necintimal
Hyperplasia in Injured Arteries

Four weeks after the surgery, neointima formation was
abserved in mice in both the AMI+ VI and VI groups (Figure
fA and 1B). As can be seen in Figure 1, however, the
neointiral hyperplasia was substantially more prominent in
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Figure 1. AMI augments necintimal hyperplasia in injured femoral arteries. A and B, Hematoxylin and eosin-stained sections of femoral
artery from VI (&) and AMI+VI (B) mice (8 to 10 weeks old) harvested 4 weeks after vascular injury; scale bars represent 50 um. C and
D, a-SMA immunostained sections of femoral artery from VI {C) and AMI-+ V! (D) mice; scale bars represent 25 pm. Arrowheads indicate
the internal elastic lamina. E,F, NI/M ratios (E) and neointimal area (F} in the injured femoral arteries of VI {(open bars) and AMI+VI {solid
bars) mice. Bars are means*SEM of 8 mice per group;"P<0.05 vs the Vi group.

the AMI+VI group than in the VI group. Immunohistochem-
ical staining revealed that the neointimas in both groups were
mainly composed of a-SMA-positive SMCs (Figure 1C and
1D}, supgesting that the inflammatory response to AMI
increases SMC numbers within the neointimas of distant
injured arteries. When we measured the neointimal and
medial areas using computerized morphometry, we found that
the NI/M ratios and necintimal areas were significantly
greater in the AMI<VI group than in the VI group (Figure 1E
and 1F).

BM-Derived Cells Contribute to Neointima
Formation but Not to the

AMI-Related Augmentation

To determine the extent to which BM-derived cells contribute
to the AMI-related augmentation of neointimal hyperplasia in
injured arteries, we next performed a set of experiments using
mice that had received BM cells from GFP mice. Four weeks
after the vascular injury, we observed that GFP-positive cells
had accumulated in the neointimas and medias of the injured
arteries (Figure 2A and 2B) in both AMI+VI and VI mice.
Moreover, immunofluorescent staining showed that some of
the GFP-positive cells expressed a-SMA (Figure 2C), sug-
gesting they had differentiated into cells similar to SMCs.
The numbers of GFP-positive cells did not significantly differ
in the neointimas or medias of mice in the AMI+VI and VI
groups (Figure 2D), though they tended to be larger in
AMI+VI mice than in VI mice.

It thus appears that BM-derived cells do indeed contribute
to vascular remodeling after injury, but they are not respon-
sible for the AMI-related augmentation of the response. It
also appears that the inflammatory response to AMI did not
promote significant mobilization of progenitor cells with the
potential to differentiate into SMCs.

Expression of Proinflammatory Cytokines in
Injured Femoral Arteries

Given the absence of a significant contribution by BM-
derived cells to the augmented neointimal hyperplasia seen in
injured arteries after AMI, we next songht to identify any
molecules that might trigger migration and proliferation of
medial SMCs by analyzing the expression profiles of various
mRNAs using cDNA arrays. Among a number of upregulated
molecules, levels of IL-6, MCP-1, VEGF, TGF-f3, SDF-1c.
and JL-13mRNA were markedly higher in the injured arteries
of AMI+VI mice than in those of sham-operated mice.
Quantitative reverse transcriptase-polymerase chain reaction
{RT-PCR) analysis showed =7-fold increase in IL-6 mRNA
expression in the AMI+VI group, as compared with the VI
group, and =500-fold increase, as compared with the sham-
operated group (Figure 3A). Levels of MCP-1, VEGE,
TGF-B, SDF-1c and IL-13 mRNA were similar in both the
AMI+VI and VI groups and higher than in the sham-
operated group (supplemental Figure 1A to IE, available
online at http://atvb.ahajournals.org.). In addition, immuno-
histochemical analysis showed clear upregulation of IL-6
protein that paralleled the upregulation of mRNA expression
in the neointimal region (Figure 3B).

Cardiac Expression of TNF-o After AMI

Because TNF-e reportedly stimulates IL-6 expression,™ we
next used quantitative RT-PCR to examine expression of
TNF-o: mRNA in infarcted hearts in an effort to determine the
reason why IL-6 mRNA was preferentially upregulated in
injured arteries following AMI. As shown in supplemental
Figure IIA, expression of TNF-a mRNA was significantly
increased in infarcted hearts 1, 3, 7. and 28 days after AMIL
as compared with sham-operated hearts. Moreover, immuno-
histochemical analysis showed clear upregulation of TNF-«
protein that paralleled the upregulation of mRNA expression
in the infarcted hearts (supplemental Figure IIB and 1C).
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Figure 2. BM-derived GFP-positive cells within injured arteries. Vascutar injuries were induced in BMTEF-Wi¥ mige, after which the fem-
oral arteries were fixed in 4% paraformaldehyde and embedded in plastic resin. Injured arteries from VI (&) and AMI+VI (B} mice were
harvested after 4 weeks and observed under a canfocal microscope. Arrowheads indicate the internal elastic lamina; arows indicate
GFP-positive cells; scale bars represent 25 um. C, Immunofluorescent staining with Cy3-conjugated anti-a-SMA antibody (red) within
injured arteries. The arrow indicates a GFP-positive SMC; scale bars represent 5 pm. D, Numbers of GFP-positive cells and total cell
numbers within the injured arteries of VI {open bars) and AMI-+VI (solid bars) mice. Bars are means=SEM for 5 mice per group.

Femoral Arterial Expression of TNFR1 After
Vascular Injury

Given the increased cardiac expression of TNF-« and circo-
lating of TNF-c levels after AMI, we tested the possibility
that TNF-e acts via locally expressed TNFR] to upregulate
expression of IL-6 within injured arteries. Consistent with
that idea, quantitative RT-PCR analysis revealed that the
level of TNFR1 mRNA expression was significantly higher
in injured femoral arteries from both AMI+VI and VI mice
than in those from sham-operated or AMI mice (Figure 4).

Efiect of Blockade of TNF-« Production on
Vascular Remodeling

Finally, to confirm that the relationship between the increase
in plasma TNF-« levels and the augmentation in neointima
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formation in remote injured arteries was causative, we tested
the effects of PTX, an inhibitor of TNF-«¢ synthesis. We
found that plasma TNF-« levels were significantly higher in
vehicle (Veh)-treated AMI-+VI mice than in Veh-treated V1
mice, bot that TNF-¢ levels in AMI--VI mice were signifi-
cantly diminished by PTX to a level similar to that seen in
Veh-treated VI mice (Figure 5B). In addition, morphometric
analysis revealed that neointimal areas and NI/M ratios in
Veh-treated AMI+VI mice were significantly greater than in
Veh-treated VI mice and that PTX significantly reduced
neointimal areas and NFM ratios (Figure 3A, 5C, and 5E).
However, PTX treamment did not significantly affect necintimal
areas or NI/M ratios in VI mice. Thus, prevention of the
AMI-induced increase in plasma TNF-a levels by PTX attenu-
ated neointimal hyperplasia in a remote artery after AML

MI(H) Vi)

Figure 3. A, Effect of myccardial infarction on expression of the IL-6 within injured arteries: white bars, control; hatched bars, VI; black
bar, AMI+VI, Tissue samples were prepared from injured and uninjured arteries 14 days after surgery (control). The result shown is rep-
resentative of data obtained from 3 to 4 mice per group. IL-6 signal intensities were normalized to that of GAPDH; bars depict the fold
increase relative to uninjured arteries (control). B, Immunohistochemical staining of IL6 within injured femoral arteries from VI and
AMI+VI mice harvested 4 weeks after surgery. Scale bars represent 25 um.
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