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Abstract : Basic fibroblast growth factor (FGF-2) is one of the major candidates as a periodontal tissue
regenerating agent. A series of animal studies and clinical trials have demonstrated its efficacy and safety. In the
present study, we surveyed the eight-year periodontal treatment and symptom records of 79 patients who had
been administered investigational drugs containing 0% (placebo; vehicle alone), 0.03%, 0.1% or 0.3% human
recombinant FGF-2 (Code No. KCB-1D) in the exploratory phase II clinical trial, to evaluate the long-term
benefits of regenerative therapy using FGF-2. The treatments and symptoms caused by progression of local
periodontitis and those not related to periodontitis were categorized as “events” or “censored”, respectively. The
number of events was 14, and survival analysis (generalized Wilcoxon test) revealed that 0.3% FGF-2
significantly prolonged the time to “event” as compared with vehicle alone (p=0.0345). In this study, no safety
problem was observed

Nihon Shishubyo Gakkai Kaishi (J Jpn Soc Periodontol) 54(1) : 38—45, 2012
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Introduction

Adiponectin is one of the most abundant gene products expressed
in adipose tissue [Maeda et al., 1996]. It is also well known to
play an important role in metabolic regulation affecting obesity,
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insulin sensitivity, or atherosclerosis [ Yamauchi et al., 2001]. Plasma
adiponectin levels are known to be correlated with body mass index
(BMI), type 2 diabetes mellitus (T2DM), or even coronary artery
disease [Hotta et al., 2000]. Several studies have also shown that
adiponectin plays many metabolic effects including antidiabetic,
antiatherosclerotic, or anti-inflammatory action [Matsuzawa et al.,
2004]. Also, it is suggested to affect the relationship between obesity
and insulin resistance or T2DM [Kern et al., 2003]. Production of
adiponectin and plasma adiponectin concentrations was known to
be regulated by complexed mechanisms [Yu and Ginsberg, 2005].
For example, its expression is increased by leanness, adrenalectomy,
insulin-like growth factor 1, ionomycin, or thiazolidinediones, while
it is decreased by obesity, tumor necrosis factor-, glucocorticoids,
B-adrenergic agonists, or cyclic AMP. In addition, genetic factors are
also suggested to regulate adiponectin concentration as shown by the
family study [Menzaghi et al., 2007] or several genome-wide linkage
scans [Yang and Chuang, 2006]. Several candidate genes include
the adiponectin structural gene (ADIPOQ; MIM# 605441) as well
as the genes encoding adiponectin—regulatory proteins have been
postulated to influence the adiponectin concentration [Ntalla et al.,
2009], though the role of genetic variants regulating adiponectin
function on insulin resistance, T2DM, or coronary artery disease,
has not been clearly determined.

Recently, the development of low-cost, high-throughput geno-
typing technology made it possible to identify common genetic
variants influencing health outcomes on a genome-wide scale. Sev-
eral studies were performed to identify the genetic determinants of
metabolic syndrome (MetS) and related traits. In one study, a com-
prehensive assessment of the genetic determinants of adiponectin
levels was performed on a genome-wide basis in northern and west-
ern European population in addition to genome-wide linkage and
association analyses, and the genetic influences on plasma levels of
adiponectin were evaluated [Ling et al., 2009].

Here, to identify genes influencing variation in plasma
adiponectin levels, we performed a genome-wide association study
on plasma adiponectin concentration in subjects recruited in Suita,
Osaka, Japan.

Materials and Methods

Suita Study

The Suita study was initiated as a cohort study for cardiovascular
diseases of urban residents of Japanese in 1989. The details of this
study were described elsewhere [Iwai et al., 2002]. Data from 5,098
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participants (2,404 men and 2,694 women) were initially included
in the analysis. DNA samples were prepared from 3,310 partici-
pants (1,527 men and 1,783 women) after informed consent was
obtained. This cohort study was approved by the ethics committee
of the National Cardiovascular Center. Subjects received a physical
exam during which height, weight, and waist circumference were
measured according to a standardized protocol. Blood samples were
collected after a 12-hr fast. Plasma adiponectin level and other blood
chemical levels including serum total cholesterol (TC), high den-
sity lipoprotein (HDL) cholesterol, triglyceride (TG), glucose, and
insulin were measured. Hypertension was defined as either a sys-
tolic blood pressure (SBP) 2140 mm Hg, a diastolic blood pressure
(DBP) 290 mm Hg, or the use of antihypertensive agents. Diabetes
was defined as a fasting serum glucose 27.0 mmol/L (126 mg/dl), the
use of antidiabetic agents, or both. MetS was defined using modified
NCEP-ATP Il criteria [Heng et al., 2006] based on the International
Obesity Task Force central obesity criteria for Asia [Kanazawa et al.,
2002].

Yahaba Study

The Yahaba study was initiated as a cohort study for cardiovascu-
lar diseases of rural residents in 2007. DNA samples were prepared
from 172 participants (69 men and 103 women) after informed
consent was obtained. This cohort study was also approved by the
ethics committee of the National Cardiovascular Center. Blood sam-
ples were collected as the Suita study. The samples were also used
for the measurement of the same parameters performed in the Suita
study.

Adiponectin Measurement

Plasma adiponectin level was measured using an enzyme-linked
immunosorbent assay (Mercodia, Uppsala, Sweden). Prior to ge-
netic analyses, mean levels of adiponectin and other traits were
compared between groups using linear regression in SAS version 9
(SAS Institute, Cary, NC).

Association Study

The association study was initially carried out to identify specific
single nucleotide polymorphisms (SNPs) associated with variation
in log-transformed adiponectin levels in the Suita Study. Genotyp-
ing was initially performed using the Illumina 550K chip (Illumina,
San Diego, CA). TagMan system (Life Technologies, Carlsbad, CA)
was then used for further genotyping of the individual SNPs. Ex-
clusion criteria of SNP genotypes for this study were minor allele
frequency (MAF) <0.1, P(Hardy~Weinberg equilibrium) <0.05, or
typing rate <0.98. The genome-wide SNP association analysis for
adiponectin was performed in a simple linear regression and ad-
ditive genetic model without adjustment. In addition to reporting
marker-wise statistical test results, genome-wide levels of statistical
significance were calculated by applying a Bonferroni correction.
Linkage disequilibrium structure was evaluated at selected locus re-
gions using the Haploview software (Broad Institute, Cambridge,
MA). For further genotyped individual SNPs, association analysis
was performed in a multiple linear regression model with adjust-
ment for age, sex, and BMIL.

Results

The statistical analysis in the initial stage (Suita-1) was performed
with the data from 842 individuals of Suita study. Based on the exclu-
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sion criteria of SNP genotypes, 348,622 SNPs were analyzed. Figure 1
shows genome-wide association with plasma adiponectin as well as
a plot of the P-values of each SNP according to its physical location
encompassing CDHI13 gene (MIM# 601364) region in the initial
screening of samples of Suita study. In this analysis, genomic infla-
tion factor (based on median chi-squared) was 1 and cutoff P-value
after applying a Bonferroni correction was 1.43 x 107. Seven SNPs
(four SNPs in choromosome 11 and three SNPs in chromosome
16) were significantly associated with plasma adiponectin. Since
these SNPs in chromosome 16 (rs4783244:G>T, rs9940180:C>T,
1s7193788:A>G) were located in CDH13 gene but SNPs in chromo-
some 11 (rs563272:C>T at 115512749, rs483058:A>G at 115513725,
1s7125373:A>G at 115532483, rs1621764:C>T at 115538977) were
not located within or near the known genes, we concentrated SNPs
located in chromosome 16 in this study. We also evaluated the link-
age disequilibrium plots of these SNPs in chromosome 16. The
strongest statistically associated SNP (rs4783244) lay in the first
intron of CDH13 gene in a 30-kb haplotype block covering the pro-
moter region to first intron. Haplotype analysis using seven SNPs
in this block (rs16957844:A>C, rs3844412:C>T, rs3865186:C>T,
rs9940180, rs7193788, rs4783244, 1s8047711:A>G) revealed that the
haplotype with the strong evidence of association was indeed tagged
by a single tag SNP, rs4783244 (Supp. Table S1). Since the selection
of tag SNPs in llumina Infinium II assay was based on the haplo-
type data of Caucasian population, we next evaluated the haplotype
block structure in Japanese population using genotype data avail-
able from the international HapMap project. Although the extent
of haplotype block of this region in Japanese was similar with that
in Caucasians based on the calculated linkage disequilibrium (LD)
measure 7 (Supp. Fig. S1), major haplotype structure consisting the
haplotype block including rs4783244 was quite different, suggesting
we should reassess the tag SNP selection using Japanese set of SNP
data. All HapMap SNPs available in 33-kb region bounded by SNPs
rs2318177:C>T and rs8045889:C>T that covers the 30-kb haplotype
block, were screened by LD measure—presenting the 7 < 0.7 with
all tag SNPs in Illumina assay system. Seven SNPs (rs11646213:A>T,
rs12051272:G>T, rs16957848:C>T, rs3852729:A>C, rs3865183:A>G,
1s6565051:A>G, rs8060461:A>G) met these criteria. Of these, six
SNPs (rs11646213, rs16957848, rs3852729, rs3865183, rs6565051,
1rs8060461) were excluded since they showed stronger 7 with other
SNPs presented in Illumina assay system than with rs4783244 (Supp.
Table S2). So, the TagMan probe set predesigned for the remained
rs12051272, which had been excluded from Illumina assay system
because of a low MAF in Caucasian population (Supp. Table S2),
was obtained and genotyped in the same Japanese population. In-
terestingly, the rs12051272 SNP presented even stronger association
with plasma adiponectin levels than rs4783244 (P = 2.6x10™* for
unadjusted, and 9.5 x 1070 adjusted for sex, age, and BMI) in this
initial stage study (Suita-1).

Next we genotyped these two SNPs, rs4783244 and rs12051272,
in the whole set of Suita Study subjects using a TagMan PCR method
(Table 1). We intensively included the samples from the first screen-
ing to measure the typing discrepancy between two methods. The
replicate error rate between two methods in rs4783244 was 0.59%.
Those five subjects with ambiguous data were accordingly excluded
from the further analysis.

The statistical analysis in the second stage (Suita-2) was then con-
ducted with the data from remaining 2,468 Suita study participants
left out from the first screening (Table 1). The basic characteristics
of these two groups are similar as shown in Table 2. The mean age
was older in the second group as expected since the aged partici-
pants were excluded from the first screening. Accordingly, the mean
adiponectin level, which was known to be affected by age, was higher
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Table 1. Results of Genotyping Two SNPs, rs4783244 and rs12051272, in the CDH13 Gene, in Suita-1, Suita-2, or Yahaba

Set Suita-1 Suita-2 Yahaba
Number(M/F) 373/464 1144/1311 68/101
P-value P-value P-value
SNP MAF Mean  SD Unadj a,s adj a,5,B adj Mean SD Unadj a,s adj a,5,B adj Mean  SD Unadj a,s adj a,s,B adj
rs4783244 0.31 Female 11 626 496  3.56x 1078 1.51 x 1078 8.98 x 107 8.00 557 226 x 107 209 % 108 235x 107 953 460 0.32 0.33 0.30
12 806 542 8.60 571 114 695
22 978 649 100 6.38 11.8 8.82
Male 11 360 157 517 x 107 1.63 x 107 LI1x 1072 472 362 8.14x 1070  485x 10" 630x 10" 491 522 588x10° 6.33 x 107 7.32 x 107
12 512 323 579 4.54 6.03 529
22 612 434 6.64 4.98 100 458
Combined 11 480 360 7.87x10%  155x 1070 383 x 10" 630 525 424x10  231x107  1.60x 102 731 6.33 0.0031 0.0007 0.0006
12 665  4.89 7.15 558 9.06 7.69
22 787  6.06 826 6.25 1.0 696
1512051272 0.31 Female 11 583 428  3.82x107° 1.63 x 107 145 x 107 7.94 555  1.53 x 107 118 x 10 1.49x 107" 953  4.60 0.45 0.45 0.42
12 812 540 858 578 1.6 692
22 970 6.60 100 6.33 11.6 8.78
Male 11 365 165 881x10° 322x10° 230x 10" 468 362 7.60x10710  439x 107 532x 10 491 522 588 x 107 6.33x 10°  7.32x 107
12 508 323 578 4.53 6.03 529
22 611 431 6.63 4.95 100 4.58
Combined 11 465 323 261x100 282 x107 946 x 102 625 524 261x107°  103x107  807x 102 731 633 0.0047 0.0013 0.0011
12 668 493 7.14 561 9.12 777
22 785  6.08 825 621 109 696

M, male; F, female; MAF, minor allele frequency; 1, minor allele; 2, major allele; unadj, unadjusted; a,s adj, age and sex adjusted; a,s,B adj, age, sex, and BMI adjusted.
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Figure 1. Genome-wide association with plasma adiponectin in Suita population. A: Manhattan plot. B: PP plot. C: P-values of each SNPs

according to its physical location encompassing COH13 gene region were shown.

in the second group (P < 0.001). But the intergroup difference in
plasma adiponectin levels was not significant after adjustment for
age and sex (P = 0.23). Using the second group, the two SNPs ex-
amined showed again statistically significant association with log-

Table 2. The Basic Characteristics of Groups for the Study

transformed plasma adiponectin levels (P = 4.2 x 107 and 2.6 x
1071 for rs4783244 and rs12051272, respectively). The association
was even more significant after adjustment for sex, age, and BMI
(P=1.6 x 10 and 8.1 x 107%2). The association of rs12051272
alleles was slightly more significant than that of rs4783244, same
as the result for the first group (P = 3.8 x 107 and 9.5 x 1072,
respectively after adjustment for sex, age, and BMI). The evidence
of association was strongest (P = 4.4 x 1077 and 6.9 x 107%) when

Suita-1 Suita-2 Yahab: . : :

i o o data from two groups were combined (Suita-1 + Suita-2) and ad-
Number 842 2458 172 justed for sex, age, and BMI (Supp. Table S3). Finally, pairwise LD
Female sex percent 55.6 53.3 59.9 . .
Age 58.2 (7.0) 66.7 (11.3) 622(66) b (%) between rs4783244 and rs12051272 in Suita study group was
BMI (kg/m?) 22.8 (2.9) 229 (3.2) 243 (3.1) ¢ 0.97. From these data, we concluded that the haplotype tagged by
Waist/hip ratio 0.884(0.046)  0907(0052)  0913(0.073) *° 1512051272 was most responsible for the association with plasma
Adiponectin (pg/dl) 7.0(5.5) 7.5(5.9) 9.8 (7.6) be di tin level
TC (mg/dl)? 2115(325) 2074 (323)  2110(328) °  2diponectnlevels. . )
LDLc (mg/dl) 128.4 (31.1) 126.1 (29.5) 131.6 (32.0) Since the first and second groups were derived from the single co-
HDLc (mg/dl) 61.5 (15.6) 59.9 (1?.6) 60.3 (14.0) ‘c’ hort, though they did not overlap each other, we next conducted an
ggp(?;lgﬁ%g)a 19223'3 ((6157'.73)) 19:,,‘31'1(89’2) }gg:: gg?; ne  additional analysis using the data from Yahaba study, another resi-
DBP (mm Hg) 77.4 (10.0) 78.0 (10.0) 73.0(120) ¢  dential cohort study originated in northern part of Japan to confirm
Fasting insulin (1 U/ml) 44(3.3) 48(3.8) 55(49) ™ ourresults from Suita study. The population characteristics of these
Fasting glucose (mg/d1)* 94.8 (14.4) 99.2 (18.8) 88.1(142)  b¢

All measures were shown in mean (SD).

*Variables were log tranformed for initial calculation of mean and SD. Values in table
were shown as untransformed values.

YStatistically significant difference.

“Statistically significant difference between Suita (1 + 2) and Yahaba cohort.

two studies were different in several points. The cohort in Suita study
are residents in the urban area of Osaka, the second largest city of
Japan, and most of the residents originated in western part of Japan,
and settled down about half a century ago. In contrast, Yahaba is a
small town located in the rural area of northern part of Japan and its
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Table 3. SNP Genotypes in CDH13 and Adiponectin Types in Yahaba

HMW adiponectin Non-HMW adiponectin
Additive P-value Additive P-value
SNP MAF Genotype Mean SD Unadj a,s adj a,5,B adj Mean SD Unadj a,s adj a,5,B adj
rs4783244 0.30 Fernale 22 7.43 6.96 0.46 0.46 0.42 4.67 2.19 0.15 0.15 0.13
12 7.36 5.15 4.26 1.84
11 6.00 3.15 3.72 1.45
Male 22 6.38 3.48 4.10 x 107 4.50 x 107 3.80 x 107 3.69 1.38 0.24 0.23 0.38
12 3.04 3.39 3.31 1.77
11 3.33 2.36 3.05 1.10
Combined 22 6.95 5.40 0.0071 0.001 0.001 4.24 1.93 0.113 0.062 0.056
12 5.35 5.94 3.92 1.86
11 4.86 3.42 3.48 1.34
1512051272 0.30 Female 22 7.33 6.86 0.56 0.56 0.52 461 221 0.22 0.22 0.20
12 7.46 5.19 432 1.82
11 6.00 3.15 3.72 1.45
Male 22 6.38 3.48 4.13 x 107 4.50 x 107 3.83 x 107 3.69 1.38 0.24 0.23 0.38
12 3.04 3.39 3.31 1.77
11 3.33 2.36 3.05 1.10
Combined 22 691 5.36 0.009 0.002 0.002 421 1.94 0.156 0.095 0.089
12 5.37 6.02 395 1.85
11 486 3.42 3.48 1.34

MAF, minor allele frequency; 1, minor allele; 2, major allele; unadj, unadjusted; a,sadj, age and sex adjusted; a,s,B adj, age, sex, and BMI adjusted.



residents were mostly indigenous since 1800s. The rs4783244 and
rs12051272 SNPs were genotyped using the TagMan PCR method
as described earlier. Although the sample size in Yahaba was smaller
compared to the previous two studies, we found a statistically sig-
nificant association (P=0.0006 and 0.0011, respectively) after male
and female were combined. Here, female samples in Yahaba did
not show significant association between adiponectin levels and ei-
ther SNP genotype under any genetic model including a dominant
model (data not shown), while the MAF in Yahaba was 0.31 and not
different from that for Suita study. This might be due to small num-
ber of Yahaba study or characteristics of Yahaba female. CDHI13
gene codes for T-cadherin that had been identified as a receptor
specific for high-molecular weight (HMW) adiponectin [Hug et al.,
2004]. We next examined if the association was specific for the lev-
els of HMW adiponectin and not for that of low-molecular weight
(LMW) adiponectin using data from Yahaba study. As expected,
rs12051272 SNP genotypes were significantly associated only with
the levels of HMW adiponectin (P = 0.0018 after adjustment for
sex, age, and BMI) and not with that of other types of adiponectin
(P = 0.09) (Table 3). However, there was weaker association be-
tween SNP genotype and HMW adiponectin in female than in male
partly because of sex difference in plasma adiponectin concentra-
tions (female: 11.4 pg/dl, male: 7.7 pg/dl, P = 9 x 107®). Since
several SNPs or mutant within the ADIPOQ gene, which codes
for adiponectin, had been reported to be associated with plasma
adiponectin levels previously, we genotyped these SNPs addition-
ally. These included rs2241766:G>T (Glyl5:exonl), rs1501299:A>C
(intronl), rs710445:A>G (promoter), and Ile164Thr (nonsynony-
mous substitution). They indeed showed a weak but statistically
significant association with adiponectin levels in our Suita study
subjects (P=0.00093, 0.32,0.0001, 2.2 x 10", respectively), but the
magnitude of significance was smaller compared that of CDH13SNP
rs12051272. The effect size presented in eta-squared for rs12051272,
152241766, rs1501299, rs710445, and Ile164Thr was 3.28%, 0.27%,
0.02%, 0.37%, and 2.62%, respectively. The beta-coefficient per
allele for them was 27.7%, 8.0%, 2.4%, 8.7%, and 127.5%, respec-
tively. Ile164Thr mutant showed the largest beta-coefficient, but the
MAF was very low (0.8%), resulting in smaller eta value than that
of rs12051272 (Table 4).

Since T-cadherin has been shown to bind low density lipopro-
tein (LDL) cholesterol [Resink et al., 1999], we next analyzed the
association between rs12051272 genotypes and the levels of LDL
cholesterol using the data from whole Suita study participants. The
rs12051272 genotypes showed no significant association with serum
LDL cholesterol levels (P=0.19), as well as with total or HDL choles-
terol levels (P = 0.46 and 0.16, respectively). Plasma adiponectin lev-
els also have been shown independently related with many obesity-
related phenotypes, including insulin resistance [Lindsay etal., 2002;
Snehalatha et al., 2003], the levels of fasting insulin, fasting glucose,
and fasting TG. Since they showed a significant association also in
our study, we next evaluated the association between those phe-
notypes and the rs12051272 genotypes (Table 5A). Interestingly,
although we failed to find any statistical association between them
in simple regression analysis adjusted for age and sex, we found a sig-
nificant association when log-transformed plasma adiponectin level
was included as an explanatory variable. The partial correlation co-
efficient between plasma adiponectin levels and homeostasis model
assessment-estimated insulin resistance (HOMA-IR), the levels of
fasting insulin, fasting glucose, and fasting TG in Suita study pop-
ulation was -0.39 (P = 5.00 x 10712), -0.38 (P = 7.04 x 10°%),
-0.23 (P =1.77 x 1074), and -0.36 (P = 4.48 x 107%), respectively,
while that of plasma adiponectin levels and rs12051272 genotypes
(additive model) was -0.24 (P = 2.0 x 107%). Similarly, that of

151

Table 4. Effect Size of SNPs on Serum Adiponectin Levels

Beta coefficient

Eta-squared

Serum adiponectin (pg/ml), mean (SD)

Sex (p sex)

Age

SNP (p al)

Age Sex

Both Allele2 P-value (a) SNP (a)

Allele 1

Allelel f

79.1%
79.3%
79.0%
78.6%
79.0%
78.6%
78.8%
79.5%
78.8%

24.2%
24.1%
24.3%
24.5%
24.3%
24.3%
24.3%
24.6%
24.4%

27.7%
27.1%

8.0%
2.4%

6.6%

8.7%
10.0%
127.5%
26.1%

ek S (sl i e B

5.77%
5.71%
5.82%
5.93%
5.84%
5.84%
5.84%
5.95%
5.89%

3.28%
3.17%
0.27%
0.02%
0.17%
0.37%
0.12%
2.62%
0.09%

2.0 x 107!

1.7 x 10730

9.3 x 107

0.32
0.009

N~ N e~

1.0 x 107

0.11)

0.029
22 x 102

0.062

5.75
5.84
7.05
7.33
6.77
6.97

6.87 (0.09)
6.88 (0.09)
7.45(0.11)

8.01 (0.10)

8.03 (0.11)

0.688
0.684

1s12051272
rs4783244

7.66 (0.24)
7.18 (0.23)

0.295
0.277
0.748

152241766

72(0.11)
7.16 (0.11)

rs1501299
rs266729
rs710445

15822395
APM1(1164T)

7.4 (0.09)
7.72 (0.17)

7.33(0.10)

0.412

5.02 (0.86) 7.01 (0.19)

0.063
0.008

3.5 (0.25)
8.44 (0.71)

NA
NA

0.006

APM1(H241P)

3310).

f, frequency; (a), additive; (p al), per allele; (p sex), per sex.

Age, sex, and BMI adjusted (N



Table5. Association of Obesity-Related Phenotypes, Adiponectin, and the rs12051272 Genotypes in Suita (1 + 2)

P-value (response variable = each parameter) Partial correlation coefficient

rs12 (av) pl pl adipo, rs12 betwrs12 (av) betwrsl2 (av) betw pl adipo
rs12 (av) adipo adj pl adipo (av) adj and each and pl adipo and each
A. Adjustment of age and sex
Fasting insulin® 0.84 4.05 x 10" 9.09 x 1078 7.04 x 1074 -0.088 -0.22 -0.38
Fasting glucose® 0.66 2.33 x 1073 1.17 x 1032 1.77 x 1073 -0.058 -0.21 -0.23
HOMA-IR? 0.77 8.62 x 107 1.78 x 107 5.00 x 107102 -0.094 -0.22 -0.39
Fasting triglyceride® 0.89 1.74 x 10°° 2.92 x 1078 4.48 x 1078 -0.082 -0.22 -0.36
BMI 0.09 3.53 x 107 4.78 x 10 1.55 x 107° -0.097 -0.22 -0.31
B. Adjustment of age, sex, and BMI
Fasting insulin® 0.40 0.015 6.73 x 107 1.77 x 1074 -0.047 -0.22 -0.26
Fasting glucose® 0.98 0.036 7.12 x 10718 1.03 x 10718 -0.040 -0.22 -0.17
HOMA-IR? 0.46 0.0053 3.16 x 107% 4.07 x 10 -0.053 -0.23 -0.28
Fasting triglyceride® 0.73 0.00074 7.01 x 1075 3.78 x 1078 -0.065 -0.23 -0.30

Calculated by using logarithm. rs12:1s12051271. a v, additive variable; pl adipo, plasma adiponectin; adj, adjustment; betw, between.

each metabolic phenotype and the rs12051272 genotypes (additive
model) was -0.094 (P = 8.62 x 107), -0.088 (P = 4.05 x 107),
~0.058 (P=2.33 x 1073), and -0.082 (P = 1.74 x 107°), respectively.
The results were consistent if BMI was included as an explanatory
variable (Table 5B). This means the SNP genotype has a statisti-
cally significant negative effect on those phenotypes independent of
plasma adiponectin levels, with rs12051272-G allele increasing these
metabolic risks, but it is cancelled by its positive effect through in-
creasing adiponectin levels simultaneously. The mechanism how
the SNP genotype has effects on those phenotypes independent of
plasma adiponectin levels remains to be elucidated.

From the other point of view, when we analyzed the effect of
plasma adiponectin concentration on those phenotypes, the associ-
ation became even stronger when adjusted for rs12051272 genotypes
(Table 5A, B). That suggests when we use the plasma adiponectin
levels as a marker for risk of cardiovascular events or MetS in the
clinical practice, as proposed by several researchers, the SNP geno-
types of CDHI3 gene have to be considered. Based on our results
that SNPs for CDHI13 gene were strongly associated with HMW
adiponictin, we tried to adjust HMW adiponectin instead of plasma
adiponectin, but we only observed similar results between adjusting
HMW adiponectin and plasma adiponectin levels (data not shown).

During preparation of this manuscript, a genome-wide associ-
ation study in Korean population as well as in Filipino women
reported that rs3865188:A>T in CDH13 was indeed associated with
adiponectin levels [Jee et al., 2010; Wu et al., 2010] as shown here.
Also, it showed that G variant at rs12444338:G>T in linkage dise-
quilibrium with rs3865188 had an increased promoter activity of
CDHI3 gene in vitro [Jee et al., 2010]. However, our results did
show that rs12051272 SNP genotypes were more significantly as-
sociated with adiponectin levels than rs12444338 SNP genotypes
(Table 1 and Supp. Table S4), while rs12444338 SNP genotypes were
in linkage disequilibrium with rs4783244 and rs12051272 (Supp.
Table S5).

Discussion

Adiponectin is an adipokine, secreted specifically and abundantly
by adipose tissues. It has attracted much attention because of its an-
tidiabetic and antiatherosclerotic effects by sensitizing the body to
insulin. It has been shown that adiponectin inhibits hepatic glucose
production, enhances glucose uptake in muscle, increases fatty acid
oxidation in both liver and muscle, and augments energy expendi-
ture by enhancing uncoupling of ATP generation in mitochondria in
vitro. Numerous studies have shown that plasma adiponectin con-

centration correlates negatively with fasting plasma insulin levels
and insulin resistance measures. Lower plasma levels of adiponectin
have been shown to be associated with obesity, type 2 diabetes, coro-
nary artery disease, hyperlipidemia, hypertension, and the MetS.
Some investigators suggest that it can be considered as a biomarker
or a diagnostic marker to predict vulnerability for MetS [Martin
et al., 2005; Santaniemi et al., 2006], cardiovascular events [Pischon
etal.,2004], and in-stent restenosis after acute myocardial infarction
[Kitta et al., 2008; Moldoveanu et al., 2008].

Adiponectin exists in three major oligomeric forms; a LMW
trimer, a middle-molecular weight (MMW) hexamer, and HMW
12- to 18-mer. A small amount of globular form, possibly resulting
from proteolytic cleavage, has also been described. Recently, HMW
adiponectin has been especially attracting attention because the level
of HMW adiponectin was reported to be more significantly asso-
ciated with parameters related to glucose metabolism than other
forms. The level of HMW adiponectin or the ratio of HMW to total
adiponectin was shown to be more relevant to the prediction of
insulin resistance [Lara-Castro et al., 2006].

T-cadherin (CDHI3), which is expressed in endothelium and
smooth muscle, has been identified as a receptor specific for HMW
adiponectin [Hugetal.,2004]. The amino acid motif of T-cadherin s
well conserved in higher eukaryote compared to that of E-cadherin,
suggesting of some biological significance. It lacks a cytoplasmic
domain and is anchored to the surface membrane via glycosyl phos-
phatidyl inositol (GPI) moiety, it is speculated that T-cadherin may
act as a co-receptor along with other signaling molecules, but its
physiological roles are largely unknown. T-cadherin has been shown
to be more strongly expressed in regenerative endothelial cells and
vascular smooth muscle cells in the region of atherosclerosis than in
those of the normal artery, and the level of its expression is known
to be correlated with the progression of atherosclerosis, implicating
that it is playing some role in atherosclerotic changes.

We showed a single SNP rs12051272, tagging a corresponding
haplotype constituting of 112051272 and rs4783244, was signifi-
cantly associated with the plasma adiponectin levels. The associ-
ation of the rs12051272 SNP genotypes and plasma adiponectin
levels was consistent across all studies. The effect size measured in
eta squared in Suita study population suggested that the two variants
1s12051272 in CDHI3 gene and Ile164Thr of ADIPOQ explained
3.28% and 2.62% of the variation in plasma adiponectin levels,
respectively. Interaction between rs12051272 in the CDHI3 gene
and +517T>C (Ile164Thr) within ADIPOQ gene was not statisti-
cally significant, though the combined effects of these two SNPs
on plasma adiponectin concentrations were shown to be additive
(data not shown). Although the rs12051272 showed the smaller
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beta-coefficient than Ile164Thr, the contribution in the population
was greater because of the higher MAF.

Previously, a similar GWAS study adiponectin was reported
[Richards et al., 2009]. They used the same SNP platform, Illumina
HumanHap550, as ours but failed to identify any cis- or trans-SNP
of CDHI3 affecting the plasma adiponectin levels. Illumina Hu-
manHap550 assay contains a probe for rs4783244 but not that for
rs12051272. The haplotype structure data obtained from Human
HapMap project showed that the MAF of rs4783244 was similarly
high in both Caucasians and Japanese (0.46 and 0.32), while that of
rs12051272 was much lower in Caucasians (0.01) than in Japanese
(0.25). Based on our study results and the above, we estimated the
power of detection for the SNP rs12051272 in Japanese as 0.992,
while we did that in Caucasian as only 0.00002. Our result suggests
that the haplotype constituting T allele of rs12051272 (G/T) and T
allele of rs4783244 (G/T), tagged by a single rs12051272 SNP, has
an effect in decreasing plasma adiponectin levels. Illumina Human-
Hap550 does not contain the probe for rs12051272, along with the
too low MAF of this TT haplotype to be detected of significant as-
sociation in Caucasian population that contains mostly GG and TG
haplotypes, were the main reasons why GWAS in Caucasian popu-
lation failed to identify the significant association. The difference of
MAF may also partly explain the difference in the baseline plasma
adiponectin levels between Japanese and American. Kadowaki et al.
showed that the American men had been shown to have higher
levels of adiponectin than the Japanese men despite higher levels
of obesity [Kadowaki et al., 2006]. Since the majority of American
had adiponectin-increasing rs12051272-G alleles, the mean plasma
adiponectin levels can be apparently higher accordingly, but this
does not mean the Americans are more resistant to risk phenotypes
because this allele has an independent effect on augmenting insulin
resistance as shown by the partial correlation coefficients. The mean
difference in plasma adiponectin levels between GG and TT groups
in Japanese was around 2 pg/ml consistently in both sexes in three
independent groups, so the sole genotypic difference in T-cadherin
gene may not explain the 6 pg/ml difference between Japanese and
Americans.

Compared with the report of the genome-wide association study
in Korean population as well as in Filipino women, our results
did show that rs12051272 SNP genotypes were more significantly
associated with adiponectin levels and especially with the levels of
HMW adiponectin than rs12444338 SNP genotypes.

Our results provide two novel insights relating T-cadherin. First,
in analyzing the physiological effects of plasma adiponectin, the
analysis has to be adjusted for the SNP genotypes that would affect
the 28% of SD changes in plasma adiponectin leve] per allele.

Several researchers have proposed to use the plasma adiponectin
levels asa marker for risk of cardiovascular events or MetS in the clin-
ical practice. For that purpose, the effect of the SNP genotypes, with
the mean difference of 1 pg/mlper allele, on thelevels of adiponectin
is too large to ignore, especially in Japanese. Second, T-cadherin
should have some unknown effect independent of adiponectin lev-
els, since the same allele had an opposite effect judging from the
results of partial correlation coefficient. The effect of the 1s12051272
SNP also has to be elucidated. Since the SNP is located in the first
intron of CDH13 gene and the surrounding nucleotide sequence did
not match the known transcription factor binding site or miRNA-
targeted sequence, it is likely that the rs12051272 is a mere marker
SNP tagging the phenotype-affecting haplotype present in 30-kb
haplotype block covering from the promoter region to the first in-
tron of CDH13. The idea that phenotype-affecting haplotype tagged
by rs12051272 SNP would affect the baseline level of T-cadherin in
the tissues is attractive, since the increasing amount of T-cadherin
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may capture the free adiponectin molecules in the plasma result-
ing in lowering plasma HMW adiponectin levels, simultaneously
increasing the adiponectin signals in the peripheral vessel walls re-
sulting in augmenting the effect of adiponectin per cell. Therefore,
we may have to take the CHD13 genotypes as well as ADIPOQ
genotypes into account if the plasma adiponectin levels is used as
a marker for a risk of cardiovascular events or diabetes, though the
attempt to compare the level of T-cadherin in peripheral vessel walls
with the genotype will give us further evidence for this result.
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Brief Report

Prenatal complex congenital heart disease with
Loeys—Dietz syndrome
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Abstract We report an infantile case of Loeys—Dietz syndrome prenatally diagnosed with congenital complex
heart disease — double outlet right ventricle and interruption of the aortic arch. The patient also showed
prominent dilatation of the main pulmonary artery. Emergency bilateral pulmonary artery banding was
petformed on the 9th day. However, on the 21st day, the patient died of massive bleeding due to rupture of the
right pulmonary artery. Subsequently, a mutation of the TGFBR1 gene was detected. As cardiovascular lesions
of Loeys—Dietz syndrome appear early and progress rapidly, the prognosis is generally poor. Patients require
periodic examination and early intervention with medical therapy such as Losartan administration and
surgical therapy. Early genetic screening is thought to be useful for the prediction of complications as well as
vascular disease.
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OEYS—DIETZ SYNDROME IS A NEWLY RECOGNISED, The first foetal echocardiography revealed a huge
I rare autosomal dominantly inherited connec- aneurysm of the main pulmonary artery and

ive tissue disorder caused by heterogeneous complex congenital heart disease — double-outlet
mutations in the genes encoding the transforming right ventricle and interruption of the aortic arch
growth factor beta receptor one or two." This (Fig 1). Detailed multi-planar scanning showed that
syndrome is characterised by the triad of arterial there was no pulmonary valve stenosis, because of
tortuosity, aneurysm or dissections, hypertelorism, no acceleration in pulmonic flow, and no absent
and bifid uvula or cleft palate.? Here, we present a pulmonary valve. Therefore, we suspected a con-
patient prenatally diagnosed with complex conge- nective tissue disorder, such as Marfan syndrome.
nital heart disease and confirmed with Loeys—Dietz The foetus was followed up weekly for foetal
syndrome after birth. decompensation and signs of hydrops until the

39th week of gestation, and an elective caesarean

section was then performed. The male infant

Case report weighed 2834 grams at birth. After delivery, the
infant developed dyspnoea and was intubated for
artificial ventilation. Subsequently, a cleft of the soft
palate and bifid uvula were noted. To treat the
interruption of the aortic arch, we started him on a
prostaglandin infusion to maintain patent ductus
— arteriosus and on nitrogen inhalation to prevent

Coroponbas 1 oy D, P 510 Mool o 08 pulmonary blood flow increase. Computed. tomo-
kadoy@mch.pref.osaka.jp graphy and angiocardiography confirmed the heart

A 3l-year-old pregnant woman was referred to
our paediatric cardiology unit at the 36th week of
gestation because of foetal congenital heart disease
and dilatation of the pulmonary artery.
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Figure 1.
Foetal echocardiography shows a large ventricular septal defect (*) of the double-outler vight ventricle (a), aneurysmal pulmonary artery

(b, ¢), and interruption of the aortic arch (d). aAo = ascending aorta; Ao = aorta; DA = ductus arteriosus; dAo = descending aorta;
LV = left ventricle, LSCA = left subclavian artery; PA = pulmonary arvtery; RSCA = right subclavian artery; RV =vright ventricle;
SVC = supra caval vein.
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Figure 2.
Computed tomography (day 0) shows the interruption of the aortic arch and aneurysmal main pulmonary artery before operation (a).

Computed tomography (day 18) shows progress of the significant expansion of the right and left pulmonary arteries and descending aovta
after operation (b). A = anterior; aAo = ascending aorta; dAo = descending aoria; L = left; ltpa = left pulmonary artery; P = posterior;
mPA = main pulmonary artery; rtPA = right pulmonary artery; R = right.

disease diagnosed prenatally (Fig 2a). Loeys—Dietz facial appearance. On the 9th day, as the patient
syndrome was strongly suspected because of the had suffered a pulmonary haemorrhage due to
presence of cardiovascular lesions, thin skin, and pulmonary blood flow increase, emergency bilateral
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pulmonary artery banding was performed. However,
during surgery, it became apparent that application
of normal pulmonary artery banding was impossible
because of the very thin condition of the pulmonary
artery wall. Therefore, the surgeon performed
bilateral banding with the clip, not the usual tape,
but the banding was insufficient. This may be a
reason why his haemodynamics and respiratory
status were not subsequently stable. We again
performed computed tomography, which showed a
further significant expansion of the right pulmonary
artery and descending aorta caused by the pressure
of the expanded artery (Fig 2b). Therefore, we
started internal use of Losartan. On the 21st day,
he developed sudden hypotension and massive
bleeding from the thoracic cavity, thought to be
caused by right pulmonary rupture, and he died the
same day. Subsequently, as the genetic analysis
showed p.Thr200Pro (c.598A > C) mutation of
the transforming growth factor beta receptor one,
he was definitively diagnosed with Loeys—Dietz
syndrome. The mutation was e novo.

Discussion

Loeys—Dietz syndrome is a recently described
connective tissue disorder characterised by aggres-
sive ascending aortic aneurysm and dissection. The
clinical features are similar to Marfan syndrome,’
but this is a more severe syndrome because life-
threatening aort1c dissection may occur even in
early childhood.* Most patients have the triad of
vascular aneurysms, hypertelorism, and bifid or
broad uvula/cleft palate associated with variable
features. Heterogeneous mutations in the genes
encoding for transforming growth factor beta
receptors one and two are a consistent finding among
affected patients.

In addition, this syndrome shows various cardio-
vascular manifestations involving not only aortic
lesions — such as distortion, aneurysm, and dissec-
tions — but also congenital heart diseases.® The case
described in this report was also complicated with
congenital heart disease. The patient’s pulmonary
artery showed an abnormal expansion because of his
heart defect. That is, because he had an interruption
of the aortic arch, much more blood than normal
flowed through the pulmonary artery and the artery
was stressed by “volume overload”. Furthermore,
the pulmonary artery was stressed by high “pressure
overload” because the patient had double-outlet
right ventricle and a large ventricular septal defect.
It is thought that a pulmonary artery spread for
both reasons from the foetal period.

Muramatsu et al® reported a case that was
complicated with a ventricular septal defect and
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showed aortic and pulmonary expansion. It is
thought that, in the Muramatsu case, the mechanism
producing pulmonary artery dilatation was similar to
that in the case reported herein. After birth, the
patient’s pulmonary blood flow increased due to the
ventricular septal defect, which led to acute heart
failure. He then underwent pulmonary artery
banding on the 12th day. After surgery, however,
the root of the main pulmonary artery, which was
stressed by pressure, had spread in the shape of an
aneurysm and intracardiac surgical repair, that is,
closure of ventricular septal defect, was performed on
the 42nd day. After the operation, the vascular
expansion stopped worsening, and in conclusion they
recommended early radical operation. However,
because our case was a Fontan candidate, he required
gradual surgery and radical operation was impossible
in early infancy. Therefore, we performed bilateral
pulmonary artery banding as a life-saving procedure,
but, owing to mural abnormal thinning, the banding
was insufficient, and his vascular expansion and
thinning progressed, which finally led to explosion
and bleeding to death.

In the case reported herein, significant pulmonary
expansion from the foetal period led us to suspect a
connective tlssue disorder such as Marfan syndrome.
Viassolo et al’ reported a similar case in a female
patient with Loeys—Dietz syndrome, who showed
dilated aortic root from the foetal period. Only aortic
dilatation was noted in screening foetal echocardio-
graphy at 19 gestational weeks and a connective tissue
disease was suspected. She underwent genetic analysis
and Loeys—Dietz syndrome was confirmed after birth.
At present, the Viassolo case and the one we report
herein are the only two cases showing a manifestation
of Loeys—Dietz syndrome from the foetal period.

Some cases of Loeys—Dietz syndrome are compli-
cated with congenital heart diseases. 268 However,
those reported hitherto are associated with “simple”
congenital heart diseases such as ventricular septal
defect, atrial septal defect, patent ductus arteriosus,
and aortic bicuspid valve. There is no previous report
of Loeys—Dietz syndrome combined with complex
congenital heart disease, such as double-outlet right
ventricle and interruption of the aortic arch. In such
a case, the cardiovascular lesion as an expansion of
the great vessels, that is, the aorta or pulmonary
artery, may be aggravated during the foetal period.
Consequently, the foetus may die in utero. Even if
they can be born, their great vessels are continuously
or more strongly stressed after birth. Therefore, their
arteries expand and finally explode, leading to an
early death without undergoing any surgery.

This may be the reason why this is the first
reported case of complex heart disease with Loeys—
Dietz syndrome.



