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Figure 8. Cell proli ion and tumori: during repair from hyperoxia as adults. (a) Representative H&E staining of lung slices from
8 week old HO- 1 transgenic mice exposed to hyperoxia as a Inset: 40 ification showing ab | multinucleated intra-alveolar cells.
(b} ive p-ERK i in lung slices from 8 week old HO-1 transgenic mice exposed to hyperoxia as neonates. P-ERK is shown in

green and DAPI in blue. (c) Left-upper panel: representative of 3 western analyses showing total ERK signal in lung homogenates from 8 week old
HO-1 transgenic mice exposed to hyperoxia as neonates. Left-lower panel: representative of 3 western analyses showing p-ERK signal in lung
homogenates from the same animals, Calnexin serves as the loading control. Right panel: Densitometric evaluation of pERK/ERK ratio from the blots
in the left panel. Values are the mean = SEM of 3 densitometric measurements in each group. * p-<0.05 vs WT, FL(L), and FL(H). (d) Representative
migration of HO-1 infected HO-1 null MEF towards an agarose spot containing EGF. Arrows: migrated cells. (f) Representative of 2 western blots for
EGFR immunosignal in HO-1 infected HO-1 null MEF cells. Calnexin is the loading control,

doi:10.1371/journal.pone.0090936.g008

suggests that moderate  overexpression of HO-1 protein in
pulmonary epithelial cells may play a critical role in the resolution
of hyperoxia-induced acute lung injury by reducing oxidative
stress in type II epithelial cells that are critical targes for
hyperoxia-mediated impairment and recovery of postnatal lung
development [36]. Interestingly HO activity was not different than
WT in this model suggesting that a modelrate change in HO-1
protein, even without activity is sufficient o provide protection.
We have previously shown that HO-1 protein even i’ not
catalytically active [37] can alter transeription factor activation
and also still provide protection against oxidative stress in vizo [13].
This model suggests that the same is true i vivo. Tt could be that
the lack of difference in HO activity is due to the fact that the
sample represents the whole lung homogenate and that the activity
resides only in the type II cells. This remains to be determined.
If moderate overexpression of HO-1 is protective, it seems
counterintuitive that further 0\'(’1‘(‘\‘]))‘cssi<m of HO-1 would
worsen hyperoxia-induced lung injury. In fact, this resulted in
increased cell proliferation, decreased apoptosis, focal type 1T cell
accumulation, and thickened alveolar walls, contributing to long-
term physiological changes in pulmonary function and increased
pulmonary densitics. The expression of HO-1 is often enhanced in
cancer cells, as demonstrated in prostate, brain, pancreatic, and
lung cancers as well as several other dssues [38-48]. HO-1 is
highly upregulated in rapidly proliferating cells such as in the
epithelium within wounded skin or psoriatic lesions. In contrast,
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HO-1 inhibition reduces the viability of colon carcinoma, acute
myeloid leukemia, and  hormone-refractory  prostate  cancer
[39,49,50]. It could be that the HO-1-FL{H) with alveolar wall
thickness and hyperecllularity are prone to malignant wansforma-
ton. In fact, we observed abnormal cells within the alveoli of HO-
I-FL(H) and enhanced migration towards EGF i zito afier stable
wansfection with HO-1-FL. ¢DNA. The abnormal pulmonary
densities were predominantly seen after hyperoxic exposure,
suggesting that the pro-proliferative and perhaps wimorigenic
effects of high HO-1 overexpression were facilitated by hyperoxia.
Interestingly, these cells did not bear the typical signature of other
lung cancers. It remains 1o be determined if this would evolve over
time, Nevertheless, the maladaptive accumulation of Type IT cells
also suggests that there is a derangement of the normal repair
process which results in Type I to Type I vansdifferentdation w0
maintain proper lung architecture and that this would lead 10 a
persistently abnormal lung architecture.

We were intrigued that we did not see pulmonary densities in
the Nuc-HO-1-TR mice because nuclear localization of HO-1 has
been associated with malignant transformation and metastasis in
several other models [19-21]. Although there were no statistically
significant differcnces in the number of pulmonary densities seen
on MRI in Nuc-HO-1-TR, these animals had increased Jung p-
ERK signaling and MEF stably wransfected with Nue-HO-1-TR
¢DNA had increased EGFR expression and increased migration
towards EGF, further suggesting a tumorigenic potential. Perhaps,
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with a longer recovery period, the animals would develop
pulmonary foct or abnormal cells.

In the case of the Nue-HO-1-TR, nuclear HO-1 was increased
on a background of endogenous eytoplasmic HO-1. Nevertheless
this model allowed us 10 evaluate the effects of enhanced nuclear
HO-1 on h\}xrm' lung injury and was more relevam o the
in viro situation in neonates. We have recently shown that PARP i
one of the candidate binding partners of HO-1 in the nucleus
a vite {23]. Activation of PARP &5 a cellular response 1o DNA
single strand breaks. Onee PARP dewcs DNA single strand
breaks, it binds w the DNA and begins o synthesize a poly PAR
chain as a signal for other DNA-repair enzymes, such as X-ray
cross-complementing gene 1 [51] and apratasin polynucleotide
Kinase phosphatase-like factor Thereafter, the PAR chains
are degraded via PARG [33]. These events facilitare DNA repair,
However, the accumulation of PAR ecould alss play 2 role in
PARP-dependem cell deah [34,35]. We demonstrated thar the
interaction of nuclear HO-1 and PARG proteins altered the
activity of PARG. We suspect that this led 1w the persisient DNA
damage and subsequent emphysematous phenotype seen on
hisology and with pulmonary function testing in Nuc-HO-1-
TR, This demonstrates that the nuclear HO-1 mediated inhibition
of DNA repair in wype H cells hinders repair from hyperowic
injury.
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In summary, using lang-specific HO-1 transgenic mice, we have
demonstrated that there is a beneficial threshold of HO-1 protein
overexpression in the lung i vive. Although moderate to low levels
of HO-1 expression are beneficial due 1o inhibition of oxidative
damage, high rrm‘fnpr:*sxiau of HO-1 is harmiul due o abnermal
cell proliferation and eased o which have both short
sermn and long terme-consequences on iunrz function and structure.
Also, overexpression of nuclear HO-1 inhibis repair from
hyperoxic fung injury by inhibiing DNA repair, which may
predispose the lung to later malignant wransformation. A clearer
undcm&mdmg of the nuances of HO-1 eytoprotective efficts s
mportant for developing effective therapeutic strategies 1o prevent
tung oxidathve injury and twmorigenesis,
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Abstract

Bronchopulmonary dysplasia (BPD) is one of the most common complications in premature infants. Although several

different drugs have been developed for BPD, there is a wide variation in the choice of drug used among facilities. The
aim of this study was to carry out a survey of the current drugs used to treat BPD in Japan. Questionnaires regarding the
current use of drugs for BPD were sent to tertiary neonatal units. The response rate was 80% (77/96). Most units used
antenatal steroids and oral diuretics for the prevention and treatment of BPD, respectively. Only 4% used caffeine for
prevention, whereas 88% used systemic corticosteroids for treatment. Few units used inhaled anticholinergics and i.v.
vitamins for the prevention and treatment of BPD, respectively. It was found that the drugs used to treat BPD vary greatly
among institutions. Further research is required to develop evidence-based clinical guidelines for BPD in premature

infants.

Key words bronchopulmonary dysplasia, caffeine, drug, questionnaire, steroid.

Bronchopulmonary dysplasia (BPD), also known as a chronic
lung disease of infancy, was first described by Northway ef al. in
1967." Despite ongoing studies to improve neonatal respiratory
care, including exogenous surfactant therapy and the use of ante-
natal steroids, BPD continues to carry a considerable risk of
mortality and long-term morbidity. Several devices and strat-
egies, such as nasal continuous positive airway pressure, high
frequency oscillatory ventilation, and permissive hypercapnia,
have been developed to improve the respiratory outcome of new-
borns. In addition, several drugs have been used in an attempt to
prevent BPD or treat established BPD. Although there is consid-
erable evidence to support the routine use of some drugs, most
drug treatment is still individual or institution specific, according
to the personal experiences and beliefs of physicians. Therefore,
the aim of this study was to survey current practices in Japan
regarding the drugs used for the prevention and treatment of BPD
and determine whether their use is evidence based.

Methods
A questionnaire was sent to all 96 tertiary neonatal units in Japan.
Data were collected between August 2013 and September 2013.

regarding which drugs were currently used or had been used in
the past for the prevention and treatment of BPD. Each question
included choice of drug prescribed, which required either a yes or
no response together with biank spaces in which the respondents
filled in the specific name of a drug. In addition, respondents
were given the option of naming drugs not described in the list.
BPD was defined as oxygen dependence at 28 days of age.
“Preventative therapy™ referred to the use of a drug before the
diagnosis of BPD on day 28, whereas “treatment” referred to the
use of a drug after the diagnosis of BPD.

Results

There was an 80% (77/96) response rate to the questionnaire. The
units responding to the questionnaire were distributed evenly
from Hokkaido to Okinawa, from the north to the south of Japan,
respectively (Fig. 1). A total of 87% of the units used antenatal
steroids to prevent BPD, which is known to prevent respiratory
distress syndrome (RDS) by accelerating fetal lung maturation
(Fig. 2a). Among the antenatal steroids used to prevent BPD,
betamethasone was given in 97% of the units, whereas dexam-
ethasone was used only in 3% (Fig. 3a). Oral diuretics, most

Questions were asked on the policies of the neonatal units
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commonly furosemide and spironolactone, were used in 84%
of the units for the treatment of BPD (Fig. 2b). Several drugs
were used in <10% of the units, such as B-stimulators and
anticholinergic agents for the prevention of BPD, and protease
inhibitors and antioxidants for the treatment of BPD. These were
considered to be institution-specific practices without any evi-
dence (Fig. 2). Oral xanthine derivatives were used for the pre-
vention of BPD in 42% of the units, but caffeine therapy

190 R Ogawa eral.

Fig. 1 Tertiary neonatal units in Japan that responded 1o the ques-
tionnaire. Response rate was 80% (77/96).

was offered in only 13% of these units, and theophylline
and aminophylline were used in 72% and 16%, respectively
(Fig. 2). Vitamin A was used for the prevention of BPD in only
8% of the units (Fig. 2a). The use of early (<28 days of life) and
delayed/late {228 days of life) systemic corticosteroids (1.v
p.o.) occurred in 35% and 88% of units, respectively (F
Hydrocortisone was used as an early systemic corticosteroid
in 70% of units, whereas dexamethasone was used in 21%
after evidence had been established that more adverse
neurodevelopmental outcomes occur following early systeric
dexamethasone  therapy  (Fig. 3b)?  Delayed/late  systemic
corticosteroids, including hydrocortisone (83%) and dexametha-
sone {53%), were used to treat BPD in 89% of the units
(Figs 2b, 3d).
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Discussion

This is the first Japanese survey of the drugs used to prevent and
treat BPD. The response rate was generally good.

This survey showed that most units use antenatal
corticosteroids to prevent BPD. The use of a single course of
carticosteroids in a mother who is in preterm labor to accelerate
the maturation of the surfactant system in the fetal lungs is
considered safe. Although this reduces mortality and the risk of
RDS, there is no evidence that it reduces the risk of BPD, prob-
ably because of an increase in survival” The use of muliple
courses of 1 corticosteroids significantly i ed the
risk of BPD, but systematic review comparing the use of muliple
courses with a single course did not show any difference in the
risk of BPD.? Although there is no evidence to support the effi-
cacy of antenatal corticosteroid therapy in BPD, antenatal
carticosteroids are used to prevent BPD in Japan. This may be
because RDS is one of the most common risk factors for the
development of BPD.

Catfeine is a methylzanthine that is commonly used to treat
apnea of | ity.* Methyb reduce the frequency of
apnea of prematurity and the need for mechanical ventilation
during the first 7 days of treatment.” A recent large randomized
controlled trial followed the primary outcome of long-term
neurodevelopment, and secondary outcome of short-term BPD
rate in infanis with birthweight 500-1250 2.° A total of 36% of
the infants in the caffeine-treated group had BPD compared with
47% in the placebo group.® The mechanism by which caffeine
decreases the incidence of BPD, however, remains anknown.
Nevertheless, current evidence supports the use of caffeine for
the of apnea of p ity and also suggests that it
exerts secondary benefits including a reduction in the rate of
BPD. Despite the utility of caffeine for the prevention of BPD,
only 4% of the units that responded 1o the survey in the current

Fig.2 Drugs for (a) prevention (ie.
before diagnosis on day 28) and (b)
treatmient {L.e. after diagnosis on day 28)
of bronchopulmonary  dysplasia  in
Japan.
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Fig.3 Steroids for (a~c) prevention (before diagnosis on day 28)
dysplasia in Japan.

study used caffeine to prevent the development of BPD. This is
because caffeine citrate is not approved for use in Japan, even
though it is approved in at least 38 countries worldwide, includ-
ing the USA and European countries. Caffeine citrate is only one
drug that can be used in the treatment of apnea of prematurity
listed in “WHO Model List of Essential Medicines for Chil-
dren”. Caffeine citrate is currently under review for drug regis-
tration in Japan and is likely to be approved for use in 2014. A
reduction in the rate of BPD is expected after the use of caffeine
citrate has been approved.

A Cochrane meta-analysis of randomized controlled trials to
evaluate the effects of early dexamethasone treatment (<8 days
after birth) on the incidence of BPD, found that steroids facili-
tated extubation and decreased the incidence of BPD.? Adverse
effects, however, such as hyperglycemia, gastrointestinal perfo-
ration, hypertension, infection, steroid-induced cardiomyopathy,
and long-term neurodevelopmental effects including cerebral
palsy were observed.? In the present survey, dexamethasone was
used for the prevention of BPD in 30% of cases that involved
systemic corticosteroids. Although it is unknown whether
dexamethasone was used early (within 7 days of birth)
in those patients, 30% still appears to be a high use rate. Second-
ary questionnaire are required to determine the date that
dexamethasone was given, and stern warnings should be issued to
the units that administered dexamethasone soon after delivery.

Beclometasone (4%)
(®)  Ciclesonide (2%)
Dexamethasone (4%

Budesonide (23%)

{78%) Fluticasone (67 %)

and (d,e) treatment (after diagnosis on day 28) of bronchopulmonary

A small number of units used inhaled anticholinergic, oral
expectorants, and inhaled disodium cromoglycate for the preven-
tion of BPD, whereas i.v. vitamin, inhaled anticholinergic, and
inhaled antioxidant were used for the treatment of BPD. Most of
these may represent cases of drug misuse because of a lack of
evidence for the efficacy of these agents in BPD or because of
their very institution-specific use; therefore, appropriate clinical
studies or guidelines are required.

Conclusion

This is the first Japanese survey of the drugs used to prevent and
treat BPD, and it achieved a good response rate. The present
survey provides information on the heterogeneity of treatment
practices for BPD in the participating centers. The survey con-
firms the misuse of some drugs, and thereby highlights the impor-
tance of the formulation and dissemination of evidence-based
guidelines for the prevention and treatment of BPD.
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Compilation of copy number variants identified in
phenotypically normal and parous Japanese women

Ohsuke Migita!!, Kayoko Maehara!!!, Hiromi Kamura', Kei Miyakoshi?, Mamoru Tanaka®,
Seiichi Morokuma?, Kotare Fukushima®, Tomihiro Shimamoto®, Shigeru Saito®, Haruhiko Sago’,
Keiichiro Nishihama?®, Kosei Abe!, Kazuhiko Nakabayashi!, Akihiro Umezawa®, Kohji Okamura'®

and Kenichiro Hata!

With increasing public concern about infertility and the frequent involvement of chromosomal anomalies in miscarriage,
analyses of copy number variations (CNVs) have been used to identify the genomic regions responsible for each process of
childbearing. Although associations between CNVs and diseases have been reported, many CNVs have also been identified in
healthy individuals. Like other types of mutations, phenotypically indefinite CNVs may have been retained and accumulated
during anthropogenesis. Therefore to distinguish causative variants from other variants is a formidable task. Furthermore,
because previous studies have predominantly focused on European and African populations, comprehensive detection of
common Asian CNVs is eagerly awaited. Here, using a high-resolution genotyping array and samples from 411 Japanese women
with normal parity without significant complications, we have compiled 1043 copy number variable regions. In total, the
collected regions cover 164 Mb, or up to 0.5% of the genome. The copy number differences in these regions may be irrelevant
not only to infertility but also to a wide range of diseases. The utility of this resource in reducing the candidate pathogenetic

variants, especially in Japanese subjects, is also demonstrated.

Journal of Human Genetics (2014) 59, 326-331; doi:10.1038/jhg.2014.27; published online 1 May 2014

INTRODUCTION

The advent of new technologies has allowed the identification of
structural variants that have a more significant impact on human
diversity than does the entire set of single-nucleotide polymorphisms
(SNPs). Copy number variations (CNVs) are one such type of
structural variant and constitute the largest proportion of genomic
variations.!"> CNVs result from the duplication or deletion of a DNA
segment and are commonly observed in human genomes.*” When a
genomic event results in a CNV, not only the copy number of a gene
can be altered but also its genic sequences. Therefore, CNVs can cause
disease or contribute to disease susceptibility,®'® and they have been
compiled in several databases for public use.>!!

Although a number of deleterious changes may have been
negatively selected during human evolution, it is likely that pheno-
typically neutral changes have been retained, transmitted and
accumulated over generations. Increasing numbers of CNVs are
found in phenotypically normal human individuals.! Accordingly,
each ethnic group tends to have distinct features in terms of the

positions, copy numbers and frequencies of their CNVs, and it is
possible that fixed CNVs have contributed to ethnic differences in
phenotypic variations and disease susceptibility.'*-!* Therefore, it is
important to have a list of CNVs for each ethnic group, especially for
medical purposes. However, the number of reported CNVs from
Asian populations is small compared with those of Europeans and
Africans. Extensive examination of Asian CNVs is eagerly awaited by
Asian researchers,

The compilation of nonpathogenic variations, in addition to
disease-related variations, is also important for a better understanding
of the genetic landscape of the human genome. Data sets including
both these sorts of variations should be helpful in pinpointing
causative mutations. Even when we search for variations using patient
samples, most of the variations identified would be normal poly-
morphisms, together with a few pathogenic mutations. Although we
can consider most of the available variation data nonpathogenic, it is
difficult to know which variations are pathogenic. Therefore, the
collection of data from normal controls is essential. To investigate
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phenotypically ‘normal’ samples in this study, we considered repro-
duction and child development, and chose parous Japanese women,
who had experienced normal pregnancies and deliveries.

Although the origin of the Japanese population remains contro-
versial, the last major migration to the Japanese Archipelago is
thought to have occurred approximately 2000 years ago.'®'” The
population has been mixed well with various Asian ethnic groups
during previous migrations, but has remained relatively isolated for
2000 years. However, although the current population of Japan is 127
million, far fewer CNVs have been documented in Japanese samples
than in Europeans. Compiling a list of Japanese CNVs is also
important from the perspective of medical science in Japan.

MATERIALS AND METHODS

Subject recruitment and SNP genotyping with a high-resolution
microarray

We examined 411 unrelated Japanese women who had had one or more
normal paritics, with no significant abnormalities in any of their pregrancies,
deliveries or neonates. Ethical approval was also obtained from each review
board of the hospitals that participated in the study, The informed consent of
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with different scales. To minimize false positives, we first chose only CNVs
with high confidence scores; that is, more than 100 with CNVPartition, and
selected copy number variable regions (CNVRs) that overlapped those called
by PennCNV for at Jeast 80% of their lengths. For PennCONV, we generated a
list of B allele frequendies using a of signal for 47 samples
from HapMap Japanese in Tokyo with the compile_pfb seript (Figure 1a).

Multiplex PCR assay

Multiplex polymerase chain reaction {PCR) aseay was wed to confirm regions
that had been called homozygously deleted. The reactions were performed with
both a control primer pair that generated a 296-bp fragment and a test primer
pair that amplified 2 target region. The thermal cycling conditions were initial
denaturation at 95 °C for 2 min, followed by 35 cycles of denaturation at 95°C
for 30, annealing at 60 °C for 305 and extension a1 72°C for 30s, and a final
extension at 72°C for 3 min. Detailed information on these primers is given in
Supplementary Table S3.

RESULTS

Genetic ancestry of the subjects

First, the population structure was inferred with the Structure
software {hupr/pritchardlab.stanford.edu/structure.html) to confirm

all the subjects was obtined. To avoid celi-cul induced
rearrangements, genomic DNAs were extracted directly from blood using the
Qlasymphony DNA Midi Kit {Qiagen, Venlo, The Netherlands) with the
QlAsymphony SP instrument and analyzed with a high-resolution SNP-based
genotyping microarray, HumanOmni2. 3-8 BeadChip {lllumina, San Diego,
CA, USA). Only data that met the guality control guidelines of the
manufacturer were used for further analyses.

Identification of CNVs and CNVRs
Two distinct algorithms were used to maximize the specificity of our CNV
calling: a likelihood-based method with CNVPartition version 3.2.0 {(hupe/
i connectilmn) and a hidden Malkov
method with PennCNV version (27 August 2009)." The parameters applied
with these tools were referred 1o those typically used by many research groups
{at least three consecutive probes to define a CNV, using the GO wave
adjustment option, etc.). These programs computed confidence scores that can
be used to filter out CNV regions that are Jikely to be false positives. However,
we should note that the two programs calculated the scores in different ways,

www.illumina
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the J; ancestry of the subjects.'® A cluster analysis of our
samples together with the sequences of 499 HapMap individuals from
three ancestral populations (European, African and Asian) was
performed using 1959 unlinked tag SNPs on chromosome 21, The
expectad ancestry of all the subjects was confirmed with a minimum
coefficient of 0.85. We also performed a principal components
analysis with the peajar program {Bichank Japan project; hitpd/
genome-analysissrerikenjp/PCP/). The results indicated that all but
one subject were derived from the main istands of Japan and that the
remaining singleton was Ryukyuan™®

Characterization of CNVs and CNVRs

The CNVPartition software {[llumina) identified 26150 candidate
regions as CNVs. We then used another program, PennCNV,*S which
is based on an integrated hidden Markov algorithm, to maximize the
specificity of the analysis. If a candidate CNV was also supported by
PennCNV for at least 0% of its length, it was retained. In this way,
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Figure 1 (a) Data processing flow. The initial 26 150 regions identified with CNVPartition were validated with PennCNV. (b} Chromosomal distribution of the
CNVRs. Each CNVR is shown by a horizontal bar. Gain- and foss-type CNVs are distinguished by bars on the left and right, respectively. The numbers of

each type of CNV are also shown, and are drawn with Idiograr http:
variable regions.

wnerna.org/idi /). CNV, copy number variation; CNVR, copy number
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Table 1 Comparison of the CNVRs with those reported in other studies and in the DGVs

Present study McCarroll et al2} Conrad et al.22 Koike et al.23 DGV Jul. 2013
CNVs reported 1043 592 1768 169 202430
CNVs spanning our data 1043 88 156 37 30322
{71/1043 (112/1043) (45/1043% (1033/1043)*

Number of samples 411 Japanese females 45 HapMap JPT

Experimental method SNP array (lflumina

HumanOmni2.5-8

SNP array (Affymetrics
Genome-Wide Human SNP

BeadChip) Array 6.0)
CNYV calling CNVPartition and then Birdseye and custom
PennCNV program

45 HapMap JPT 57 Japanese females and

123 Japanese males

Collective (including non-
Japanese samples)

Custom CGH array SNP array (Affymetrics N/A
(NimbleGen and Genome-Wide Human SNP
Agilent) Array 6.0)
Custom program PennCNV N/A

Abbreviations: CNV, copy number variations; CNVR, copy number variable region; DGV, database of genomic variants; JPT, Japanese in Tokyo; N/A, not available; SNP, single-nucleotide

polymorphism.

The number of CNVRs overlapped with those in the present study is indicated within parentheses.

Table 2 CNVRs overlapping between the Japanese and other
populations

Frequency of
Sample Reported  overlapping regions

Poputation size CNVRs among studies®
Japanese {present study) 411 1043 -
Korean2? 100 576 10% {106/1043)
Tibetan!4 29 139 4.9% (51/1043)
Chinese!3 (Han, Tibetan 155 1440 17% (173/1043)
and five other ethnic group)

Han Chinese!? 80 1407 17% (175/1043)
Swiss?5 717 917 16% (163/1043)
Rwandan®® (sub-Saharan African) 450 1185 14% (141/1043)
HapMap25 (mixed) 112 3262 13% (134/1043)

Abbreviation: CNVR, ¢opy number variable regions.
Number of overlapped CNVRs is indicated within parentheses.

we identified 6871 CNVs and 1043 regions with variable copy
numbers from 411 Japanese individuals, with an average of 16.7
CNVs per diploid genome (Supplementary Table S1). Detailed
information on all the SNP probes used for the CNV calls is tabulated
(Supplementary Table $2). The mean length of the CNVs was 79.9 kb,
ranging from 169 bases to 2,27 Mb. These 6871 CNVs corresponded
to 1043 CNVRs (588 losses and 455 gains). Figure 1 shows the
chromosomal distribution of the observed CNVRs. The total length of
all of these CNVRs was 163 720 kb, which is equivalent to 0.5% of the
whole human genome. The CNVRs can be divided into gain regions
and loss regions, depending on whether their copy numbers have
increased or decreased. Of the 1043 regions identified, 1033 overlap
the latest database of genomic variants (DGVs) (released on 23 July
2013) reported at the DGV, More than half the CNVRs, including
72% of the gain CNVRs and 36% of the loss CNVRs, intersect RefSeq
gene loci.

As far as we know, three studies have examined the Japanese
population with array-based methods: two of them used samples
from HapMap and the other used healthy individuals2'=2* These
results are summarized with our data set (Table 1). Although those
three studies had together already reported 82 regions, more than half
the regions reported in the present study were not detected by them.
It is probable that the higher resolution of our analysis and our larger
sample size allowed us to detect additional CNVRs, Depending on the
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Table 3 List of genes lying within a homozygously deleted region

No.  Coordination Frequency Suffered gene
1 Chr 1; 161 570803161644 281* 2/411 FCGR3B  FCGR2B
2 Chr 2: 111884593-111886246*  3/411 BCL2L11

3 Chr 4: 69367 146-69489473* 302/411  UGTZ2B17

4 Chr 5: 180377 470-180424820*  32/411 BTNL3

5  Chr6: 32551892-32555728 2/411 HLA-DRBI

6 Chr 7: 115584 568-115 593 688* 17411 TFEC

7 Chr 7: 141761027-141795404*  6/411 MGAM

8 Chr 11: 18949220-18961743 1/411 MRGPRX1

9 Chr19: 41350895-41379321* 10/411 CYP2A6

10 Chr 19: 43590229-43772302 86/411 PSG5 PSG4 PSG9
11 Chr 19: 46622776-46 636 139" 3/411 IGFL3

12 Chr 19: 52132392-52 150601* 114/411 SIGLEC5

Abbreviation: PCR, polymerase chain reaction.
Asterisk indicates a homozygously deleted region validated by PCR.

types of platform used, array-based CNV studies occasionally show
discrepancies in the regions of CNVs.24?? Differences in the array
architectures, scanning machines and calling algorithms could affect
the final data sets. Using reported CNV data from SNP arrays, we
counted the overlapping regions among studies that focused on other
populations or HapMap data'»4%+26 (Table 2). The similarities
among these studies are comparable, but our results suggest a greater
similarity between the Japanese and Chinese populations.

Homozygous deletions found in parous Japanese women

In our study, 1628 homozygous deletions that could affect 112 RefSeq
gene loci were called in a total of 822 chromosomes. Although the
CNV analysis was unable to determine the precise breakpoints, our
data indicate that some exonic sequences are disrupted by homo-
zygous deletions (Table 3). Using multiplex PCR with both control
and test primer pairs, we confirmed the null genotypes caused by
deletions (Supplementary Figure S1 and Supplementary Table $3).
Five genes, FCGR3B, FCGR2B, UGT2B17, HLA-DRBI and CYP2A6,
are described as disease related in the OMIM database. The FCGR3,
FCGR2B and HLA-DRBI genes have roles in the immune system.
FCGR3B and FCGR2B encode the crystallizable region of immuno-
globulin G. Several studies have shown that a low copy number at the
FCGR3B-FCGR2B locus is associated with a susceptibility to systemic
lupus erythematosus in the Caucasian population,”?* but not in the
Chinese population.® UGT2B17 encodes a protein that belongs to
the family of UDP-glucuronosyltransferases enzymes, which catalyzes
the glucuronidation of steroid hormones. A case-control study of
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osteoporosis-related fracture suggested that a CNV at the UGT2BI7  our samples to parous women only, it is unlikely that the CNVRs
locus contributes to osteoporosis.® Jakobsson et al’! found that its  identified in the present study are related to human reproduction.
null genotype was more common in Koreans (67%) than in Swedish

(9%). Qur array results also showed a high frequency (74%) of the  DISCUSSION

null genotype. The CYP2AG protein metabolizes nicotine and In the present study, we compiled a catalog of copy number variable
coumarin in the liver. The lack of a CYP2A6 gene may affect regions identified in phenotypically normal Japanese samples, espe-
nicotine levels in individuals and probably has a protective effect cially those with a history of full-term pregnancy and deliveries
against tobacco dependence®® Another study reported that the  without major complications. The data set will be useful in the search
frequency of homozygotes for the CYP2A6 gene deletion was lower  for novel or rare CNVs that increase the individual’s susceptibility to
in Japanese lung cancer patients than in control samples.’® Except for ¢ I diseases and compli during pregnancy. It is unlikely
HLA-DRBI, these disease-related genes have been reported to be  that the newly identified CNVs are related to infertility or miscarriage.
frequently deleted in Asian populations.?®¥-36 Because we limited CNVs in parous women without complications have never before
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Figure 2 (a) A copy number variation (CNV) located on chromosome 7. The panel shows the region at nucleotides 108541 155108698 960 in hgl9.
This CNV was called with high-intensity probes. The B ailele frequencies (BAFs) were separated into four levels, which corresponded to AAA, AAB, ABB and
BBB, respectively. (b} Another CNV located in the subtelomeric region on chromosome 4. The panel shows the region at nucleotides 863513-1113194.
Despite high-intensity probes used, as in the example shown above, the four levels of BAFs were not observed, suggesting that the call might be
implausible, Such CNVs tended to be called in G+ C-rich regions; for example, 58% G+C content in this case. The snapshot was made with the IGV
program (http://www.broadinstitute.org/igw). A full color version of this figure is availabie at Journal of Human Genetics online.
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been investigated. Although the copy numbers of these regions were
not thoroughly validated with other methods; such as, quantitative
PCR, according to DGV, most of the CNVRs identified here have
been reported in previous studies, indicating that they should be
observed by other methods or techniques. Because our identification
strategy was based on a microarray technique, it is inevitable that
errors would have occurred. Besides routine data processing, we also
carefully curated the data by examining the B allele frequencies and
signal intensities (log R ratio) for each CNVR using the GenomeStu-
dio software (Illumina) (Figure 2). We found that many implausible
calls were situated in regions with high G+ C contents; for example,
in subtelomeric regions. All of them were copy number gain-type
CNVs rather than copy number loss-type CNVs. Although further
research is required, it is important to note that CNVRs tend to be
detected in those regions by SNP microarrays. Even if such CNVRs
are false positives, our data set is still useful for screening large
numbers of candidate CNVs.

1t is unclear whether CNVs are selectively neutral on the basis of
genetic drift, but they are certainly distributed throughout all human
populations. Using the genotypes of mitochondrial DNA and Y
chromosome, geneticists and anthropologists have surmised various
intriguing scenarios about the history of humans.’”-# However, these
genetic materials have been transmitted exclusively through maternal
and paternal lineages, respectively. In contrast, the CNVs reported
here occur in the more extensive remaining genome regions; that is,
on autosomes or the X chromosome. Therefore, they have acted some
times as maternal alleles at and at other times as paternal alieles. They
might also have been subjected to crossingover. CNV data from
various parts of the world are essential to substantiate these
hypothetical scenarios.

Chromosomal anomalies are found with conventional cytogenetic
techniques in approximately half of all carly sporadic miscarriages.*!
1t is possible that miscarriages and pregnancy losses are also caused by
submicroscopic chromosomal changes, including CNVs. Tiventy-cight
CNVs have been reported as candidate miscarriage-related variations
when instances of recurrent pregnancy loss were examined by Rajcan-
Separovic et al*> When 17 Caucasian and three African-American
couples with recurrent pregnancy losses and their miscarriage samples
were examined, CNVs that may have been related to miscarriages
were reported.*> They reported 11 novel CNVs in miscarriage
samples and three in the parent samples and suggested that these
CNVs were probably mutations causing susceptibility to miscarriage.
Of the 11 CNVs in the miscarriage samples, one on chromosome 12
(130060 706-130 430 847 in hgl8) and another one on chromosome
X (64985218091 951) overlapped with our data set. Whereas the
first one on chromosome 12 was up to 370kb in length and
encompassed the GPRI33 gene, the corresponding variable region
in our data set is much shorter and includes no known genes. The
GPR133 gene encodes one of the orphan G-protein-coupled receptors,
but its function is unknown.*? It is possible that this receptor protein
has a role in several signal-transduction pathways via classical
receptor/G-protein interactions, Therefore, the CNV mentioned
above may be a variant that causes miscarriage. However, one of
the CNVs on chromosome X is consistent with our data set,
suggesting that it is a commonly observed variant. In fact, Rajcan-
Separovic ef al.*? tried to define the common CNVs using a collective
repository in the DGV, but insufficient phenotypic information was
available to refine the data. Taking these observations together, it
scems that to define a set of common CNVs, it will be necessary to
collect a large number of control data that focus on a specific
phenotype; such as, normal parity in this case.
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The Japanese are an admixture of ancient Asian populations that
inhabited regions outside the Japanese Archipelago. We investigated
the similarities among the CNVRs detected in various populations
and noted that around 15% of Japanese CNVRs overlap those of
other populations (Table 2). It has been suggested that the number of
overlapping CNVs is influenced by the number of subjects. For
instance, Japanese and Tibetan data showed dissimilarity because of
the limited number of Tibetan subjects. Although the sample sizes of
the Korean and Chinese populations are smaller than those of the
European and African populations, similarities between the Japanese
and other East Asian populations were similar to those of the
European and African populations. This probably suggests strong
similarities between the Japanese and other East Asian populations.

Previous studies have predominantly targeted European and
African populations, but CNVs have been observed at different
frequencies or copy numbers in different populations; for example,
variations in the salivary amylase gene.™ Many CNVs; such as, those
at the AMY1 locus, may be associated with diabetes, asthma,
hypertension, allergy and other diseases of affluence in each ethnic
group. Although CNVRs may result from the accumulation of
tolerable structural mutations in the course of an ethnic history,
they could start to influence the population’s susceptibility to disease
once its lifestyle is altered. The allelic frequencies of SNPs and short
indels in each population have recently been documented.*® The
complete documentation of the CNVRs in each ethnic group is
similarly important. The development of an innovative method to
achieve this; such as, one involving next-generation sequencing and
informatics, is another challenge.
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Abstract

Background Inherited renal tubular dysgenesis (RTD) is
caused by mutations in the genes encoding the components
of the renin-angiotensin system (RAS). RTD is characterized
by oligohydramnios, renal failure, neonatal hypocalvaria, and
severe hypotension. The histological characteristics, underly-
ing mechanism, and long-term prognosis remain poorly
known.

Case-diagnosis/reatment We describe here a 4-year-old fe-
male with RTD. Endocrinologic analysis showed a discrepan-
cy between low plasma renin activity and high active renin
concentration, suggesting a loss of the renin substrate,
angiotensinogen (AGT). Direct sequencing revealed a frame-
shift deletion at nucleotide 1,355 in exon 5 in the AGT gene.
Although a histological hallmark is regarded to be the absence
or poor development of the proximal tubule, the patient does
have minimally impaired function of the proximal tubule.
Glomerular cysts without glomerular tufts were noted in ap-
proximately half of the glomeruli. The urinary concentrating
ability and sodium reabsorption and potassium excretion in
the distal nephron were severely affected.

Conclusions The patient has an impaired function of the distal
nephron despite minimally affected function of the proximal
tubule, probably attributed to renal tubular dysgenesis and
fetal hypoperfusion. The renal tubular maturity and the
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severity of ischemic injury may be key determinants of the
clinical symptoms and pathological findings in RTD, in which
the RAS plays an important role.
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Rennin—-angiotensin system - Nephrogenic diabetes insipidus -
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Introduction

Renal tubular dysgenesis (RTD) is clinically characterized by
oligohydramnios, anuria, hypoplastic lung, hypocalvaria, and
severe hypotension, as well as by the absence or poor devel-
opment of the proximal tubule [1]. Inherited RTD is caused by
mutations in the genes encoding the components of the renin—
angiotensin system (RAS) [2]. Mutations in the genes
encoding angiotensinogen (AGT), renin, angiotensin-
converting enzyme (ACE), and angiotensin II receptor type
1 have been reported in several case reports [1, 3-8]. RTD is
also associated with fetopathy induced by drugs such as
angiotensin-converting enzyme inhibitors (ACEIs) or angio-
tensin type 1 receptor blockers (ARBs) [9-11]. Despite sev-
eral case reports of patient survival [3-8], the long-term renal
prognosis remains poorly known. Here we report our evalua-
tion of the physiologic and histopathological characteristics of
the kidneys and renal tubules in a 4-year-old girl with RTD
caused by a mutation in the 4GT gene.

Case report

The patient was a 4-year-old Japanese girl, the first child of
healthy non-consanguineous parents. The mother was not
given ACEIs or ARBs during her pregnancy. The infant was

delivered by emergency cesarean section at 32 weeks
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immediately after detection of oligohydramnios and subse-
quent fetal distress. She had a body weight of 1,669 g and had
hypoplastic lung and hypocalvaria. After birth, she received
mechanical ventilation and nitric oxide inhalation therapy for
preumothorax and persistent pulmonary hypertension. She
had severe systemic hypotension episodes (mean blood pres-
sure 20-25 mmHg), and a slight improvement in blood pres-
sure was achieved by the intravenous infusion of fresh frozen
plasma and catecholamines. The patient required peritoneal
dialysis due to anuria on days 3-13 after birth. Her serum
potassium and creatinine concentrations peaked at 7.2 mEq/L
and 2.8 mg/dL, respectively. Spontaneous urination was first
observed on day 10.

After the infant had recovered from these conditions, poly-
uria, hyponatremia, and hyperkalemia occurred. Her serum
creatinine concentration rapidly decreased to 0.4 mg/dL by
day 35, during which time her blood pressure remained within
normal range without any medication. Endocrinologic analy-
sis showed a discrepancy between low plasma renin activity
(<0.1 ng/mL/h) and high active renin concentration
(11,400 pg/mL), suggesting an abnormality or loss of the renin
substrate, AGT. These conditions were strongly suggestive of
RTD. Informed consent for gene analysis was obtained from
her parents, and direct sequencing revealed a frameshift dele-
tion at nucleotide 1,355 in exon 5 in the coding region of the
AGT gene (c.1355delT, p.Leud52CysfsX2). Gene analysis of
her parents was not performed.

At the age of 2 years and 4 months, she occasionally
required hospitalization due to hypotonic dehydration. At this
time, her height was 83.5 cm [—1.0 standard deviation (SD)]
and her weight was 9.7 kg (~1.9 SD). Her creatinine clearance
rate (CCr) had decreased to 72-88 mL/min/1.73 m2. Due to
polyuria (150-200 mL/kg/day), high fluid intake was re-
quired. A water deprivation test showed a maximum urine
osmolality of 183 mOsm/kg, without any response to injected
arginine vasopressin. The condition indicated nephrogenic
diabetes insipidus (NDI). Her fractional excretion of sodium
(FENa) was 1.0-3.7 % and her estimated glomerular filtration
rate was not markedly decreased, suggesting that her condi-
tion was a result of impaired sodium reabsorption. At this
time, her fractional excretion of potassium (FEK) was 2.0
3.5 % (normal range 11.2+5.4 %), and her transtubular po-
tassium concentration gradient (TTKG) was 1.2 (normal
range >5). Consequently, she required sodium supplementa-
tion (7-9 mEq/kg/day) and restricted potassium intake
(0.6 mEq/kg/day). Blood gas analysis showed mild acidosis.
Her urinary beta2-microglobulin (beta2-MG) concentration,
fractional excretion of uric acid (FEUA), and transtubular
reabsorption rate of phosphate (%TRP) fell almost within
normal ranges. Glucosuria, proteinuria, and aminoaciduria
were not detected. These results indicated that her proximal
tubular cells functioned normally, but that urinary concentrat-
ing ability and potassium excretion in the distal nephron were
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severely affected. Endocrine laboratory data were as follows:
angiotensin I, 340 pg/mL (normal range <500 pg/mL); an
angiotensin II 13 pg/mL (normal range 9-47 pg/mL); aldoste-
rone 98 pg/dL (normal range 36-240 pg/dL); ACE 21.3 IU/L
(normal range 8.3-21.4 IU/L); urinary cyclic AMP 6x
107 umol/day (normal range 2-7 umol/day).

A renal biopsy was performed at the age of 2 years and 5
months, Light microscopy examination, which enabled the
specific identification of the cortex and the medulla, revealed
that of the 80 glomeruli examined, 12 (15 %) were normal,
eight (10 %) were sclerotic, eight (10 %) were fetal type, and
52 (65 %) had dilated Bowman’s capsules, approximately half
of which had glomerular cysts without glomerular tufts
(Fig. 1a). Renal tubular atrophy and interstitial fibrosis were
observed in the cortex. Surviving proximal tubules in the
cortex were positive for CD10 (a 100-kDa cell-surface zinc
metalloendopeptidase) (Fig. 1b) [12]. Epithelial membrane
antigen staining showed that the distal tubules and collecting
ducts were present in the cortex and medulla (Fig. 1¢), and
Henle loops stained positive for Tamm—Horsfall protein
(THP) in the medulla (Fig. 1d). Also, a large number of cells
in the juxglomerular apparatus were strongly positive for anti-
renin antibody (Fig. 1e). The muscular wall in the interlobular
and preglomerular arteries was thickened and positive for
alpha-smooth muscle actin (Fig. [f).

Discussion

We describe here a 4-year-old girl diagnosed with RTD who
survived. A definitive diagnosis of RTD was made on the
basis of clinical manifestations, high plasma renin concentra-
tion, low renin activity, and sequencing of 4G, Pathological
findings, including the overproduction of renin and thickening
of the muscular wall in the arteries, were consistent with prior
case reports of RTD [1, 3, 5-7]. Although a histological
hallmark is regarded as the absence or poor development of
the proximal tubule [1], our patient has almost normal com-
ponents of the proximal tubule. In addition, glomerular cysts,
which are uncommon in RTD patients, were noted. The results
of functional analyses are consistent with the pathological
findings.

To our knowledge, nine surviving RTD patients with
inherited mutation-induced RAS inactivity have been reported
in the literature. Of these nine patients, two had AGT muta-
tions, six had ACE mutations, and one had a REN mutation
[3-8]. Regarding the two patients with 4G7 mutations, a pair
of siblings had a homozygous missense mutation [4], and on
patient had a heterozygous mutation [3]. Despite these pa-
tients having the mutations in a same component of the RAS
gene, their clinical and histological findings were not consis-
tent. The long-term renal prognosis and tubular function of
RTD patients remain poorly known. Our report on the
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a Periodic acid Schiff-staining

b anti-CD10 antibody

€ anti-renin antibody

¥ L

d anti-Tamm-Horsfall protein antibody
Fig. 1 Renal biopsy findings in our patient. a Several dilated Bowman’s
capsules lacked the glomerular tuft. Renal tubular atrophy and interstitial
fibrosis were observed in the cortex. Periodic acid-Schiff staining
(original magnification x100). b Presence in the cortex of several
remnant proximal tubules immunolabeled with anti-CD10 antibody
which recognizes the human-membrane-associated neutral
endopeptidase of podocytes and proximal tubular cells (original
magnification x100). ¢ Distal tubules and collecting ducts in the

morphological and functional effects of the RAS on the de-
veloping kidney of children with RTD caused by mutations in
the AGT gene is therefore note-worthy.

The morphological and functional abnormalities in the
kidney of RTD patients are likely associated with two factors:
abnormal nephrogenesis due to mutation-induced RAS inac-
tivity and ischemic injury due to fetal or neonatal hypoperfu-
sion. Although the main histopathological hallmark of RTD
has been reported to be impairment of the proximal tubules
[1], recent case reports have described non-specific patholog-
ical findings in patients with similar mutations. In a patient
with a REN mutation who underwent renal transplantation [4],
the proximal tubules were positive for CD15 (cluster of dif-
ferentiation antigen) in the nephrectomy specimen at the age
of 9 years, but were negative on day 9 after birth [4]. This
observation suggested that the proximal tubule continued to
mature or had recovered from ischemic injury. In our patient,
the amount of amniotic fluid indicated she had the ability to
produce urine during the fetal period. Her sudden urination at
age 10 days suggests a successful recovery from acute tubular
necrosis associated with fetal hypoperfusion and ischemic
injury. Pathological findings in patients with RTD, especially

_
f anti-alph:

th muscle actin antibody

medulla labeled with antibody to epithelial membrane antigen (original
magnification x100). d Presence in the medulla of Henle loops labeled
with Tamm-Horsfall protein (original magnification %400). e High renin
production in the enlarged juxtaglomerular apparatus (original
magnification x400). f Thickening of the muscular walls in the
interlobular and preglomerular arteries labeled with antibody to alpha-
smooth muscle actin (original magnification x400)

in surviving patients, may vary depending on the severity of
renal dysgenesis and ischemic injury.

Extremely dilated Bowman’s capsules, i.c., glomerular
cysts without glomerular tufts, were noted in our patient.
The absence of glomerular tufts suggests that some glomerular
tufts should be affected by urine flooding associated with
disconnections in distal nephrons. These were considered to
be the result of renal dysgenesis and ischemic damage. A
decreased number of nephrons may be associated with
hyperfiltration and dilation of Bowman’s capsules. These
pathological findings may be affected by the timing of the
renal biopsy as glomerular cysts are possibly detectable only
several years after birth in surviving patients.

The CCr of our patient was only mildly decreased, proba-
bly due to the survival of some of the glomeruli. The almost
normal urinary levels of beta,-MG, FEUA, and %TRP indi-
cate that the proximal tubules of our patient were minimally
affected. These findings are consistent with the pathological
results, including coexistence of partly normal remnant prox-
imal and distal tubules with renal tubular atrophy and fibrosis
in interstitial tissue. The water deprivation test and FENa,
FEK, and TTKG values showed that she had NDI with
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dysfunction of sodium reabsorption and potassium excretion,
as reported previously in a patient with ARB fetopathy [9].
Hence, her conditions were probably caused by functional and
structural immaturity of the distal tubules and collecting ducts
create the osmotic gradient by controlling sodium and potas-
sium balance in the medulla. These disorders may lead to the
abnormal expression of the Na™~K” transporters, the vaso-
pressin receptor, and aquaporin and to an insufficient osmotic
gradient, as well as to negative effects of aldosterone on
cortical collecting ducts. Interestingly, several gene target
mouse models, such as 4GT and AT7 receptor knock-out
mice, have shown a markedly atrophic papilla and dilated
pelvis due to polyuria {13, 14]. Rat models of ACEl and
ARB fetopathy present with papillary atrophy,
tubulointerstitial fibrosis, and tubular atrophy and dilation,
resulting in impairment of their urinary concentrating ability
[15, 16]. Renal tubular dysfunction and salt-losing NDIin our
patient were compatible with the papillary atrophy observed in
animal models. Although few morphological data on the
medulla are available, we found that disorders of the RAS
system in the human fetus may result in functional and mor-
phological abnormalities of Henle’s loop and the collecting
ducts in the medulla associated with loss of inability to control
salt and water balance.

In conclusion, the renal tubular dysfunction in our patient
was characterized by NDI associated with sodium reabsorp-
tion and potassium excretion dysfunction in the medulla. RAS
plays an important role on the main dysfunctional site in the
distal nephrons. The key determinants of the outcomes of
RTD may be renal tubular maturity and severity of ischemic
injury after fetal and neonatal hypoperfusion.
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An 8-year-old male was diagnosed with Kawasaki discase
(KD) with a giant coronary aneurysm in the origin of the
left anterior descending artery on  echocardiography.
When he was 15, 17, and 20 years old, 128-slice multi-
detector computed tomography (MDCT) (Somatom
Definition AS+; Siemens Healthcare, Forchheim,
Germany) was performed, The sectional view of the
coronary artery on MDCT showed a persistent aneur-
ysmal diameter of 8 mm with gradually progressing cal-
cification and a persistent plaque in the aneurysm over a
period of 5 years (Fig. 1a). The virtual coronary angio-
scopy (VCA) was constructed along the left anterior
descending artery from the MDCT data using the
‘SYNAPSE VINCEN'T” three-dimensional volume ana-
lyzer software (Fujifilm Co., Tokyo, Japan), indicating
the remarkable progression of the coronary artery stenosis
caused by calcifications at both edges of the coronary
aneurysm (Fig. 1a). The coronary angiography (CAG)
was performed at 11, 17, and 20 years of age and detected
persistent 75% stenosis on the proximal side of the cor-
onary aneurysm at 17 and 20 years of age (Fig. 2). The
fractional flow reserve (FFR) using a pressure wire was
measured invasively during the CAG at 20 years of age
and indicated 0.75 on the distal side of the site of cor-
onary artery stenosis. The optical coherence tomography
confirmed the coronary artery luminal narrowing with

Supplemental digital content is available for this article. Direct URL citations
appear in the printed lext and are provided in the HTML and PDF versions of this
article on the journal's website (wwav.coronary-artery.com).
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intimal thickening, the calcifications at both edges of the
coronary aneurysm, and the plaques in the coronary
aneurysm, similar to the VCA findings (Fig. 1b).
Percutancous transluminal coronary rotational ather-
cctomy was performed repeatedly with burr sizes of 1,75
and 2.25mm on the proximal edge of the coronary
ancurysm (Fig, 2). As a result, the FFR in the stenotic
lesion recovered to 0.93.

Coronary aneurysm formation and subsequent coronary
artery stenosis resulting in ischemic heart disease and
sudden death are the most important complications of
KD [1]. Calcification is frequently observed in the area of
coronary stenosis more than 6 years after onset
Therefore, a detailed evaluation of the severity and the
extent of calcification is very important for optimal
sclection of suitable therapeutic procedures. Although
intravascular ultrasound imaging or optical coherence
tomography allows a detailed structural observation of the
coronary artery wall, it is difficult in KID patients without
symptoms to follow up the inner surface of the calcified
coronary artery regularly using an invasive method. The
conventional contrast-enhanced axial slices on MDCT
ar¢ superior to VCA for lesion detection, particularly as
noncalcified coronary lesions can be visualized with good
diagnostic accuracy. However, VCA was found to be
accurate in detecting complex lesions with an irregular
surface and calcification because of the high density of
the calcium deposits within the lumen, Compared with
the conventional two-dimensional computed tomo-
graphic images, VCA can access the three-dimensional
shape of irrégularly calcificated surface on the inside of
the lumen more precisely, although VCA may have ten-
ded to be visualized the coronary artery stenosis more
urgently than the conventional MDCT [2]. However, the
high computed tomographic density with the heavy cal-
cifications that cover the entire lumen would make the
stenosis of coronary artery vague because of a viewpoint
from outside the coronary artery on the conventional
MDCT findings. In fact, we confirmed the lower cor-
onary flow with FFR than those on CAG and conven-
tional MDCT findings. The success of percutancous
transluminal coronary rotational atherectomy is associated
with @ more demanding technique [3]. In conclusion,
YCA may be useful not only for detecting the three-
dimensional progression of the calcifications in a non-
invasive manner but also aiding the choice of the sub-
sequent intervention strategy.

OOl 10.1087/MCA.0000000000000157
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Fig. 1

(@)

Sectional view of the coranary artery and virlual coronary angioscopic (VCA) view on multi-deteclor puted graphy imaging (a) (Supplemental
Video I, Supplemental digital content 1, http://iinks.lvw.com/MCA/AT6) and oplical cot 1 phy (b) {Supp!! | Video I, Suppl: |
digital content 2, hilp:/flinks.lws.com/MCAIAT?7). The VCA was constructed by eliminating the lumen filled with contrast media, which was defined as
having a computed tomographic (CT) density of 150-500 HU, and the calcification area greater than 500 HU was presenled as a white color
(450-500: the gradalion). The vessel wall was defined as having a CT density of 150-200 HU, and was presented as a flesh color. Furthermore, the
plaque was defined as having a CT density of greater than 150 HU, and vsas presented as a black color, and the ysall side gradated the color for the
CT density from 200 to 150 HU, *Plaque.
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Virtual coronary angioscopy by CT imaging Akulsu et al. 729

17:years

20 yaaré

Coronary angiographic findings at 11, 17, and 20 years of age and PTCRA. The PTCRA vias parfcm\ed successlu?ly at Ihe proximal edge of the
nary

coronary aneurysm in the origin of left anterior descending artery. PTCRA, p

b1

Acknowledgements
Conflicts of interest
There are no conflicts of interest.

References
1 Suda K, lemura M, Nishiono H, Teramachi Y, Koteda Y, Kishimelo S, et al
Long-term prognosis of patients with Kawasaki disease complicated by giant

coronary aneurysms: a singlednstituli 2 Circulation 2011;
123:1836-1842.

Schroeder S, Kopp AF, Ohnesorge B, Loke-Gie H, Kueltner A, Baumbach A,
et al. Virtual coronary angi using multistica

Heart 2002; 87:205-208,

Akagi T. interventions in Kawasaki disease. Pedialr Cardiol 2005;
26:206-212.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



— 18T -

Contents lists available at ScienceDirect
Early Human Development:

journal homepage: www.elsevier.com/locate/earlhumdev

Accumulation of subcutaneous fat, but not visceral fat, is a predictor of
adiponectin levels in preterm infants at term-equivalent age

Yuya Nakano ¥, Kazuo Itabashi, Motoichiro Sakurai, Madoka Aizawa, Kazushige Dobashi, Katsumi Mizuno

Department of Pediatrics, Showa University School of Medicine, Tokyo, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 15 October 2013

Received in revised form 19 February 2014
Accepted 24 February 2014

Available online xxxx

term infants.

Background: Preterm infants have altered fat tissue development, including a higher percentage of fat mass and
increased volume of visceral fat. They also have altered adiponectin levels, including a lower ratio of high-
molecular-weight adiponectin (HMW-Ad) to total adiponectin (T-Ad) at term-equivalent age, compared with

Aims: The objective of this study was to investigate the association between adiponectin levels and fat tissue
accumulation or distribution in preterm infants at term-equivalent age.

if]}i":;n,:g;m Study design: Cross-sectional clinical study.

Preterm infants Subjects: Study subjects were 53 preterm infants born at <34 weeks gestation with a mean birth weight of
Subcutaneous fat 1592 ¢g.

Visceral fat Outcome meastres: Serum levels of T-Ad and HMW-Ad were d and a computed graphy (CT) scan

Postmatal growth

was performed at the level of the umbilicus at term-equivalent age to analyze how fat tissue accumulation or

distribution was correlated with adiponectin levels.

Results: T-Ad (r= 0315, p = 0.022) and HMW-Ad levels (r = 0338, p = 0.013) were positively associated with
subcutaneous fat area evaluated by performing CT scan at term-equivalent age, but were not associated with
visceral fat area in simple regression analyses. In addition, T-Ad (3 = 0.487, p = 0.003) and HMW-Ad levels
(> = 0602, p< 0.001) were positively associated with subcutaneous fat tissue area, but they were not associated
with visceral fat area also in multiple regression analyses.

Conclusion: Subcutaneous fat accumulation contributes to increased levels of T-Ad and HMW-Ad, while visceral
fat accumulation does not influence adiponectin levels in preterm infants at term-equivalent age.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The hormone adiponectin is secreted exclusively by adipocytes and
has a beneficial role in insulin sensitivity. Decreased production of
adiponectin is associated with type 2 diabetes [1] and obesity [2], and
especially with visceral fat accumulation in adults [3] and children {4].
Since high-molecular-weight adiponectin (HMW-Ad) is one of the
active adiponectin multimers [5), HMW-Ad is reported to be a better
marker of obesity-related complications than total adiponectin (T-Ad)
[6]. In addition, the ratio of HMW-Ad to T-Ad (HMWZ) is also signifi-
cantly associated with insulin resistance [7].

Low birth weight infants have an increased risk of adult-onset
diseases, including type 2 diabetes mellitus, cardiovascular disease,
and obesity [8]. Not only small for gestational age (SGA) infants, but
also low birth weight infants (caused by preterm birth) have a higher

* Corresponding author at: Department of Pediatrics, Showa University School of
Medicine, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142-8666, Japan. Tel.: 481 3 3784
8677 fax: +-81 3 3784 7410.

E-mail address: nakano_yt_tulip@yahoo.co,jp (Y. Nakano).

http://dx.doi.org/10.1016/j.carlhumdev.2014.02.009
0378-3782/© 2014 Elsevier Ireland Ltd. All rights reserved.

risk of insulin resistance in later life than term-appropriate for gesta-
tional age (AGA) infants [9}, although the mechanisms have yet to be
fully etucidated [10]. A recent investigation has shown that preterm
infants have altered adiponectin levels, including decreased HMW% at
term-equivalent age compared with term infants at birth [11}; this
effect is present even if the infant does not present with extra-uterine
growth restriction (EUGR) [12]. In addition, preterm infants have a
higher percentage of fat mass [13] and increased volume of visceral fat
[14], which may influence adiponectin production at term-equivalent
age.

Some previous investigations have suggested that postnatal growth,
as indicated by rate of weight gain [15] or body weight standard devia-
tion (SD) score for example, increases from birth to term-equivalent age
[12] and is one of the significant predictors of the increases in T-Ad and
HMW-Ad levels in preterm infants during this period. These results
indicate that fat tissue accumulation during this period may increase
adiponectin production (the opposite effect of that in children and adults
with obesity). However, growth during the postnatal period results from
fat tissue accumulation; in addition, ‘true’ growth also occurs, such as
increases in muscle mass, body length, and head circumference. Hence,

2 Y. Nakano et al. { Early Human Development xxx (2014) Xxx-xxx

it remains unclear whether fat tissue accumulation really depends on an
increase in the levels of T-Ad and HMW-Ad in preterm infants during
this period because no information regarding the direct association
between fat tissue accumulation and adiponectin levels in preterm
infants at term-equivalent age is available. Moreover, it also remains
unknown how the fat distribution influences T-Ad and HMW-Ad levels
in preterm infants at term-equivalent age.

Hence, in this study, we measured serum T-Ad and HMW-Ad levels
and investigated visceral fat area (VFA) and subcutaneous fat area
(SFA), using commercially available software; we were able to calculate
the values from a fat density evaluation by computed tomography (CT)
scan at the levels of the umbilicus. Our aim was to clarify whether the
amount of fat tissue is correlated with T-Ad and HMW-Ad levels in
preterm infants at term-equivalent age and whether visceral fat accu-
mulation influences the levels of T-Ad and HMW-Ad in preterm infants
at term-equivalent age.

2. Methods
2.1. Subjects

The Ethics Committee at Showa University School of Medicine
approved the study protocol, and we obtained written informed con-
sent from the subjects’ parents. The study subjects were 53 preterm
infants (23 male and 30 female), born at 24-34 weeks of gestation. All
the infants were recruited from Showa University School of Medicine
between August 1, 2010 and May 3, 2012. The subjects in the present
study were part of a population in which we had already studied
adiponectin levels in term and preterm infants. We have reported the
clinical profile of the preterm subjects and their mothers in detail [12].
We obtained written informed consent for the CT scan in this study
from 53 subjects among 58 preterm subjects in the previous study
(that is, 5 parents of other subjects declined the CT scan). The subjects
include 7 SGA infants, defined as birth weight <—2 SD and also include
5 EUGR at term-equivalent age, defined as body weight <—2 SD at
term-equivalent age. All subjects were fed breast milk and infant
formula. Breast mitk was fortified for all subjects with a birth weight
of less than 1500 g. Parenteral amino acids, which amounted to 1.5-
2.5g - kg™' - day~ !, were administered as soon as possible after
birth to all subjects whose birth weight was <1700 g. No subject
whose birth weight was >1700 g received support with parenteral
amino acids.

2.2. Measurement of VFA and SFA in CT scan

Visceral and subcutaneous fat volumes were evaluated by measur-
ing VFA and SFA determined in a CT scan image, by using commercially
available software (Virtual Place Advance; AZE, Ltd, Tokyo, Japan). All
subjects were examined in the supine position. A single slice of cross-
sectional CT scan (LightSpeed; GE Healthcare Japan Co., Tokyo, Japan)
was performed at the level of the umbilicus (from L4 to L5). The soft-
ware automaticatly defined a region of interest by tracking its contour
on each scan, and the attenuation range of CT values (in Hounsfield
units) for fat tissue was calculated. A histogram for fat tissue was auto-
matically computed by the software on the basis of mean attenuation £
1 SD. Tissue with attenuation values within the mean 4 1 SD was
considered to be fat tissue on the basis of a previously reported concept
[16] within that region of interest. Trained radiologists made manual
adjustments if needed, choosing a midway point between adipose and
non-adipose tissue peaks when the peaks had considerable overlap
and misclassification could occur [17]. The software automatically
divided total fat area into SFA and VFA, and radiologists also made man-
ual adjustments if needed. To test the variability of SFA and VFA, the
inter-observer and intra-observer coefficients for all 53 subjects were
calculated. The inter-observer intraclass correlation coefficient for SFA
and VFA was 0.980 and 0.956 (coefficient variation (CV), 3.8% and

9.1%), respectively. To assess intra-observer variability, the same
observer repeated the adjustment of measurements of SFA and VFA
on two different occasions. The intra-observer intraclass correlation
coefficient for SFA and VFA was 0.992 and 0.982 (CV, 2.4% and 5.6%).
The ratio of VFA to SFA was designated as the V/S ratio.

2.3. Anthropometric measurements

Physical measurements such as body weight and length were deter-
mined immediately by experienced nurses after birth and at term-
equivalent age. The medical records of the subjects were reviewed
retrospectively. Body weight was measured by using a standard elec-
tronic scale. Body weight 5D scores for gestational age were determined
according to Japanese reference data [18], which were differentiated by
sex, number of deliveries, and gestational days. Their mother’s body
weight and height before pregnancy were self-reported. Body mass
index (BMI) was calculated as body weight/length? (kg/m?).

24. Measurements of T-Ad, HMW-Ad, and leptin

To determine serum T-Ad, HMW-Ad, and leptin, blood samples were
collected from the dorsum manus vein 2 or 3 h after feeding in preterm
infants at term-equivalent age. Sera for the assays were obtained by
centrifugation of the blood samples and were immediately frozen. The
specimens were stored at —40 °C before analysis. Serum T-Ad and
HMW-Ad concentrations were determined by ELISA using a commercial
kit (Daiichi Pure Chemicals, Tokyo, Japan), and serum leptin levels were
measured using a commercial RIA kit (Linco Research, St Louis, MO,
USA). The intra-assay variation (CV) for the T-Ad and HMW-Ad assays
was 5.3% and 3.3%, as described previously [19], and that of the leptin
assay was <8% HMW% was calculated as (HMW-Ad / T-Ad) x 100.

2.5, Statistical analyses

All analyses were performed with the Statistical Package for the
Social Sciences (SPSS) Statistics Desktop for Japan Version 19.0 (IBM
Company, Tokyo, Japan). We used the Mann-Whitney test to compare
adiponectin levels between male and female infants or between 19
very preterm infants born before 32 weeks and 34 other preterm
infants born at 32 weelks gestation or more. We evaluated the correla-
tion of SFA, VFA, and V/S ratio to other variables by using bivariate
Pearson’s correlation in a simple linear regression and a model of multi~
ple regression analysis. In addition, we also evaluated the influence of
an amount and distribution of fat tissue on T-Ad, HMW-Ad, HMW%,
and leptin, in the same way. Multiple regression analyses were per-
formed to assess the influence of multiple variables such as SFA, VFA,
sex, gestational age, and body weight SD score at term-equivalent age
on serum T-Ad, HMW-Ad, HMWZ, and leptin at term-equivalent age;
we excluded birth weight and body weight at term-equivalent age
from the dependent variables because they are strongly correlated
with other factors such as gestational age. The associations were consid-
ered statistically significant when the p values were <0.05.

3. Results

The clinical characteristics of the subjects are shown in Tabie 1.
The mean birth weight, birth weight SD score, and gestational age
were 1592 g, — 0.7 SD, and 32.1 weeks, respectively, The mean body
weight, body weight SD score, and age of the subjects at term-
equivalent age were 2737 g, —0.8 SD, and 39.3 weeks. The subjects in-
cluded 5 infants that presented with EUGR, defined as body weight SD
score <—2 SD at term-equivalent age. The mean SFA, VFA, and V/S
ratio evaluated at term-equivalent age were 9.4 cm?, 3.4 cm?, and
0.39, respectively. The mean levels of T-Ad, HMW-Ad, and HMW% mea-
sured at term-equivalent age were 22.8 pg/ml, 13.7 pg/mL, and 59.3%,
respectively. T-Ad and HMW-Ad levels were significantly higher in
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Table 1
Clinical characteristics of the study subjects.

Number of subjects (male/female) N = 53 (23/30)
Mean & SD Median (range)
Maternal age (years) 332 % 5.1 33.0(26.1-49.0)
Maternal BM! before pregnancy (kg/m?) 211 =31 20.0(16.8-30.8)
Atbirth
Gestational age (weeks) 321 £ 27 33.3(263-34.9)
Birth weight (g) 1592 + 499 1611 (659-2519)
Birth weight SD score —07 £ 10 -07(~35-12)
BMI (kg/m?) 93 £ 15 9.0 (6.4-12.7)
At term-equivalent age
Gestational age (weeks) 393 %12 393(373-41.9)
Body weight (g) 2737 + 354 2684 (2219-3846)
Body weight SD score —08 + 09 —0.7 (~29-1.4)
BMI (kg/m?) 122+ 14 11.8(102-17.1)
T-Ad (pg/mL) 228476 216 (10.0-41.9)
HMW-Ad (pg/mL) 137 £53 136 (4.5-31.0)
HMWX (%) 593 = 86 587 (41.5-81.8)
Leptin (ng/mL) 23408 2.2(0.7-42)
Subcutaneous fat tissue area (cm?) 94 %36 92(2.7-186)
Visceral fat tissue area (cm®) 34+25 29(0.1-11.4)
V/S ratio 039 + 027 034 (0.01-1.07)

BMiI: Body mass index, SD: standard deviation; T-Ad: total adiponectin; HMW-Ad: high-
molecular-weight adiponectin; HMW: ratio of HMW-Ad to T-Ad; V/S ratio: the ratio of
visceral to subcutaneous fat tissue area.

female subjects than in male subjects (T-Ad: 20.3 & 5.7 pg/mL in male
subjects versus 24.8 + 8.4 pg/mL in female subjects, p = 0.018;
HMW-Ad: 12.2 = 3.9 pg/mL in male subjects versus 14.9 £ 5.9 ug/mL
in female subjects, p = 0.007). Nineteen very preterm infants born
before 32 weeks of gestation had significantly larger SFA and lower
(although not significantly lower) adiponectin levels than 34 preterm
infants born at 32 weeks of gestation or more (SFA: 11.8 = 4.0 cm?
for very preterm infants versus 8.0 & 2.6 cm? for the other preterm
infants, p = 0.007; T-Ad: 21.6 + 7.9 pg/mL for the very preterm in-
fants versus 23.6 + 7.5 pg/mL for the other preterm infants; HMW-
Ad: 12.5 4 5.1 pg/ml for the very preterm infants versus 14.4 &
5.3 pg/mL for the other preterm infants).

In a simple regression analysis, SFA was inversely associated with
gestational age (r = —0.456, p < 0.001) and positively associated
with the age in the subjects at term-equivalent age (r = 0.335,p =
0.014), body weight at term-equivalent age (r = 0.578, p < 0.001),
body weight SD score at term-equivalent age (r = 0.502, p < 0.001),
and BMI at term-equivalent age (r = 0.561, p < 0.001), although it
was not significantly associated with other variables including birth
weight, birth weight SD score, maternal age, and maternal BMI before
pregnancy. Conversely, VFA was negatively associated only with gesta-
tional age (r = —0.281, p = 0.049), and V/S ratio was associated only
with body weight at term-equivalent age (r = —0.278, p = 0.044)
(data not shown). In the multiple regression analyses performed to
identify independent predictors of SFA, VFA, and V/S ratio in the
subjects at term-equivalent age considering sex, gestational age, birth
weight SD score, and the age and body weight SD score at term-
equivalent age, SFA had a positive association with body weight SD
score (B = 0.474, p = 0.001) and the age ( = 0.285, p = 0.023) at
term-equivalent age and negative association with gestational age (3 =
—0.323 p = 0.007) (adjusted R? = 0.455, p < 0.001). There were no
significant predictors of VFA and V/S ratio (data not shown).

With regard to the association of fat distribution and accumulation
with T-Ad, HMW-Ad, HMW®, and leptin levels at term-equivalent age,
T-Ad (r = 0315, p = 0.022), HMW-Ad (r = 0338, p = 0.013),
HMW% (r = 0.273, p = 0.048), and leptin (r = 0.297, p = 0.031)
were positively associated with SFA, but were not associated with VFA
and V/S ratio in the simple regression analyses (data not shown).
The significant associations for T-Ad, HMW-Ad, and HMW% were
strengthened after adjustment for variables including sex, gestational
age, birth weight, birth weight SD score, BMI at birth, maternal age,

maternal BMI before pregnancy, and the age, body weight, body weight
SD score, and BMI at term-equivalent age (T-Ad: r = 0.521, p < 0.001;
HMW-Ad: r = 0.628, p < 0.001; and HMW%: r = 0.476, p = 0.001),
although the significance for leptin disappeared after adjustment. In
the multiple regression analyses performed to identify independent pre-
dictors of T-Ad, HMW-Ad, HMWZ, and leptin levels at term-equivalent
age, sex, gestational age, SFA, VFA, and body weight SD score at term-
equivalent age were considered as potential predictors. T-Ad and
HMW-Ad had significant positive associations with SFA (T-Ad: =
0487 p = 0.003, HMW-Ad: f = 0.602 p < 0.001), female sex (T-Ad:
B == 0.408 p = 0.001, HMW-Ad: 5 = 0.364 p == 0.002), and gestational
age (T-Ad; p = 0.557, p < 0.001, HMW-Ad; 3 = 0.607, p < 0.001), as
shown in Table 2. If the 7 SGA infants are excluded, the results relating
to the association between T-Ad or HMW-Ad and SFA or VFA remain
the same. The addition of maternal age or/and BMI before pregnancy
as confounding factors did not give more strength in this relationship
between adiponectin and SFA at term-equivalent age. With regard to
HMWS, the regression formula was not significant (adjusted R* =
0.111, p = 0.060). Although the leptin levels were positively associated
with SFA (5 = 0.361 p = 0.043) and female sex (B = 0.335p = 0.014),
the significance level in the regression formula was not strong (adjusted
R? = 0.188, p = 0.010).

4. Discussion

In adults and children, BMI has a paradoxical negative association
with serum adiponectin levels, although adiponectin is exclusively pro-
duced by adipocytes, and obesity is related to decreased adiponectin
levels even in children [4]. In neonates, on the other hand, cord serum
adiponectin is positively related to birth weight and gestational age
[20,21}, suggesting that fetal growth in utero including fat tissue may
contribute to increased adiponectin production. The reason for this
inconsistency regarding the association between fat tissue accumula-
tion and adiponectin levels remains unclear; however, it has been
hypothesized that the difference might be related to a lack of negative
feedback on adiponectin production associated with a lack of fat cell
hypertrophy [20]. With regard to preterm infants from birth to term-
equivalent age, some previous studies suggested that postnatal growth
during this period contributed to the increases in T-Ad and HMW-Ad
{12,15]. However, no previous reports have directly investigated the
association between adipose tissue accumulation and adiponectin
levels in preterm infants at term-equivalent age. The present study sug-
gests that subcutaneous fat accumulation contribute to increased levels
of T-Ad and HMW-Ad.

One possible explanation for the association seen here between
adiponectin levels and SFA is that increased volumes of subcutaneous
fat tissue between birth and term-equivalent age in preterm infants
may be the result of increased numbers of small differentiated adipo-
cytes, as speculated in a previous study [15]. This is because fat celt
hypertrophy is associated with decreased adiponectin expression in
adipocytes [22]. On the other hand, the present study also indicates
that very preterm infants may have increased levels of subcutaneous
fat and comparatively low levels of T-Ad and HMW-Ad at term-
equivalent age compared with more mature preterm infants. In
term infants, adipose tissue rapidly expands, mainly as a result of the
increased number of small adipocytes present during the second half
of fetal life, and this is probably associated with the drastically increased
adiponectin levels seen during this period. Fat cells enlarge during the
first 12 months of life after birth, while the number of fat cells remains
unchanged [23]. If we apply this to preterm infants, fat cell hypertrophy
might occur, to a certain degree, in very preterm infants, while fat cell
numbers increase between birth and term-equivalent age and hyper-
trophy may induce comparatively low T-Ad and HMW-Ad levels in
very preterm infants at term-equivalent age. This hypothesis is, however,
not supported by sufficient data, and further study is necessary to
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Table 2
Multiple regression analysis of factors related to serum T-Ad, HMW-Ad, HMWX, and leptin in preterm infants at term-equivalent age.
Variables Serum levels at term-equivalent age
T-4d° HMW-AG HMwE Leptin®
w ? w p o 4 w P
Gestational age {weeks) 0.557 <0.001 0607 <0001 0402 0.013 0203 218y
Sex {male} ~0.408 0.001 ~0.364 0002 D002 059 ~{.335 0014
Body weight SD score at term-equivalent age 0119 0545 Q047 0963 0130 9418 0123 1424
Subcutaneous fat tissue area {om?} 0487 0,003 0.602 <0001 0528 V006 0361 6043
Visceral fat tissue area {om’) 0041 0730 -~ 8077 $512 028 0868 ~0.236 Q086

Bold type indicates significant correlations.
T-Ad: total adiponecting HMW-Ad: hi
 Adjusted R = 0373, p < 0.001.
 Adjusted R? = 0386, p « D001
¢ Adjusted R = Q.171,p = 0060
4 Adjusted R = 0.188,p = 0010,
* {3 was standardized.

Secudar-weight

investigate the size and number of fat cells in preterm infants at term-
equivalent age.

Some observational studies have shown that visceral fat accumu-
lation is one of the important factors for development of insulin resis-
tance and its co-morbidities in adults and children [24.25]. This is
considered to be partly because visceral fat accumulation is associated
with decreased HMW-Ad production 3,41, Conversely, some previous
investigations have shown that subcutaneous fat tissue rather than
visceral fat tissue was inversely associated with serum adiponectin
levels in healthy and relatively lean young men [26] and in overweight
and obese men [27]. Because a previous study reported an increased
volume of visceral fat in preterm infants at term-equivalent age {14},
we hypothesized that visceral fat accumulation influenced levels of
adiponectin in preterm infants at term-equivalent age. However, the
present study failed to show the association between visceral fat
accumulation and adiponectin levels including T-Ad, HMW-Ad, and
HMW in preterm infants at term-equivalent age. These results imply
that altered adiponectin levels in preterm infants at term-equivalent
age may be induced by an alternative pathogenesis other than visceral
fat accumulation.

Our results suggest that there is a sex effect on adiponectin levels in
preterm infants at term-equivalent age. Adiponectin concentration is
consistently lower in male than in female subjects {at least in adoles-
cents), and this is probably influenced by sex hormones |28]. Sex differ-
ences in adiponectin levels are seen in the fetus but not in term infants
at birth {29]. One possible explanation for our results is that elevated
testosterone levels might influence adiponectin levels in male preterm
infants, although we did not measure testosterone in the present
study. A previous investigation found a prolonged increase in testoster-
one levels, with peak testosterone levels at 3-4 months of age, and a
slower decrease in testosterone levels in preterm male infants com-
pared with term-born male infants [30].

We found a significant positive association between subcutaneous
fat accumulation and leptin levels at term-equivalent age in preterm
infants, although this association is not highly significant. This is consis-
tent with a previous report suggesting a significant positive association
between leptin levels and subscapular skinfold thickness determining
central subcutaneous fat deposition in preterm infants within 4 weeks
after birth, although the same report suggested a significant inverse
association between leptin levels and triceps or mid-thigh skinfold
thickness determining peripheral subcutaneous fat deposition {31},

This study has some limitations. First, the small sample size means
that the study does not have sufficient statistical power to evaluate
the association between fat tissue accumulation or distribution and
adiponectin levels in preterm infants at term-equivalent age; hence,
the resuits should be confirmed in a larger population. Second, there is
no information on the accuracy of adipose tissue evaluated by performing
CT scan in neonates, to the best of our knowledge. Regions of interest are

eotin: HMWE: ratio of HMW-Ad 1o T-Ad: $D: standard deviation.

usually a representative area containing both adipose tissue and border-
ing tissues o air in the evaluations of subcutaneous and visceral fat mass
by CT scan {17}, Neonatal infants have very small amount of subcutane-
ous and visceral far tissue and a relatively large amount of bowel gas
compared with adults and children, and these differences might influ-
ence the evaluations of SFA and VFA in the present study.

in conclusion, our results suggest that subcutaneous fat accumula-
tion, but not visceral fat accumulation, is associated with increased pro-
duction of T-Ad and HMW-Ad in preterm infants at term-equivalent
age. There may be a different mechanism(s) for control of adiponectin
production in visceral and subctutaneous fat during adipose tissue devel-
opment in preterm infants compared with that in adults and children
with obesity.
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New Japanese neonatal anthropometric charts for gestational age

at birth
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Abstract Background: More than 10 years have passed since the previous Japanese neonatal growth charts were published,
therefore the aim of this study was to develop an updated set of Japanese neonatal growth charts.
Methods: We used data from the registry database of the Japan Society of Obstetrics and Gynecology from 2003 until
2005. A total of 150 471 singleton live births without stillbirth or severe congenital malformation were enrolled in the
preliminary analysis. It was found that the distribution of the 10th centile charts based on these subjects was skewed
toward lower birthweight for preterm infants, because of the significantly lower birthweight in the 10th centile in
neonates delivered by cesarean section than those delivered vaginally. Therefore, the data of subjects delivered by

cesarean section were also excluded.

Results: Finally, 104 748 singleton vaginal births at 22-41 weeks of gestation were used to construct a new set of
Japanese neonatal anthropometric charts. The birthweight chart is parity and sex specific. The differences between the
Japanese fetal growth chart and the new neonatal birthweight chart were small.

Conclusion: The present new neonatal anthropometric charts may reveal unrestricted growth pattern mimicking fetal
growth. Use of these charts may result in recognition of abnormal fetal growth and risk in preterm infants. Further studies
are needed to evaluate the risk for adverse neonatal and long-term outcome among small-for-gestational-age infants

using these neonatal charts.

Key words delivery mode, growth chart, Japanese, neonate, small for gestational age.

A neonatal anthropometric chart for determining gestational age
at birth, called a neonatal growth chart, is an essential tool for
identifying neonates at higher risk of neonatal or postnatal mor-
bidity and fetal growth impairment, as well as for monitoring
postnatal growth in preterm infants. A secular trend in neonatal
anthropometric measurements at birth is associated with changes
not only in antenatal management and maternal age and size but
also in socioeconomic or environmental conditions.! Therefore,
neonatal growth charts should be updated accordingly. The neo-
natal growth charts published during the last decade have
improved on earlier charts by using more appropriate methods
and more current, larger, diverse samples of infants.

The Japanese neonatal growth chart, which was revised in
1995, has been widely used by Japanese obstetricians and pedia-
tricians for managing pregnancy and newborns.” Given that more
than 10 years had passed since the revised charts were published,
the research committee of the Ministry of Health, Welfare, and
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Labor for Multicenter Benchmark Research on Neonatal Out-
comes in Japan decided to develop a new Japanese growth chart.
The goal of this study was to develop a new set of Japanese
neonatal growth charts (including birthweight, body length, and
head circumference).

Methods
Data collection

To create a new set of neonatal growth charts, we used the
registry database of the Japan Society of Obstetrics and Gyne-
cology (JSOG). This database included 147 medical facilities
(level 11 and 1II) that participated in the JSOG registry system.
Not only are low-risk infants cared for in normal newborn nurse-
ries or by rooming-in, but also high-risk infants are cared for in
neonatal intensive care units in these facilities. This registry
system was managed by the committee of perinatal medicine of
JSOG. Data were collected using an online system and stored in
JSOG. Data from this database were collected from 2003 until
2005 on gestational age, birthweight, sex, birth order, and infor-
mation on complications of singleton births. Gestational age,
recorded in completed weeks and days, was primarily based on
ultrasonography results within the first trimester. Because JSOG

approved the use of their database for creating new neonatal
growth charts, this study was not subject to institutional
review.

Preliminary analysis

During the study period. 150 471 singleton births were reported
in the registry database. Stillborn infants and those with severe
asphyxia (Apgar score of 0 at 1 and 3 min after delivery),
hydrops fetalis, or severe congenital malformations were
excluded from the analysis. Infants with missing information on
sex or gestational age were also excluded. We conducted a pre-
fiminary analysis for 144 980 infants. As previously reported by
Uehara et al., the distribution of 10th centile charts was skewed
toward lower birthweight for preterm infants, and large differ-
ences in 10th-centile birthweight were observed between
newborn infants delivered vaginally and those by cesarean
section during the preterm period.® Approximately 63% of boys
and 58% of girls were delivered by cesarean section at
<37 weeks of gestation (Table 1), Indications for cesarcan
section were not available in the JSOG registration database.
The maximum difference in birthweight at the 10th centile
between the growth chart based on the overall sample and the
previous Japanese chart’ was approximately 400 g during the
preterm period (Fig. 1). The 10th-centile birthweight in preterm
infants decreased during 2003-2005 compared to that during
1995; this decrease of birthweight is a secular trend in Japan.
This may be mainly explained by changes in obstetric interven-
tion in preterm infants with fetal growth restriction (FGR).
Therefore, we decided to exclude newborn infants delivered by
cesarean section from analysis.

Creation of smoothed percentile charts

Finally, data from 104 748 singleton births delivered vaginally at
22-41 weeks of gestation were vsed to construct a new set of

Birthwaight (g)

° : . : . : .
2223 24 35 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
Gestational age weeks)

Fig. 1 Comparison between (—j the previous birthweight chart for
male primiparous infants and (- - -) the present chart including the
entire male, primiparous subjeet group. The maximum difference in
birthweight at the 10th centile was approximately 400 g during the
preterm period.

Japanese neonatal anthropometric charts 703

Japanese neonatal anthropometric charts using Cole’s lambda mu
sigma (LMS) method, which is regarded as the gold standard for
tracing anthropometric charts.” Among 104 748 infants, there
were missing data on body length and head circumference at
birth. Body length and head circumference charts were con-
structed using data from 89 773 infants and 38 603 infants,
respectively. LMSChartMaker Pro 2.324 (Medical Research
Council, London, UK) was used w create smoothed percentile
charts for the 3rd, 10th, 50th, 90th, and 97th percentiles from
these raw data.

LMS method

According to Cole, the LMS method provides a way of obtain-
ing normalized growth centile standards, which simplifies this
assessmeat, and which deals generally with skewness that may
be present in the distribution of the measurement.” It assumes
that the data can be normalized by using a power transforma-
tion, which stretches one tail of the distribution and shrinks the
other, removing the skewness. The optimal power to obtain
normality is calculated for each of a series of age groups
and the trend summarized by a smooth (L) curve. Trends in
the mean (M) and coefficient of variation (8) are similarly
smoothed.

L, Mand S correspond to the following formulas: 7 = [(X/M)*
~ 1J/LS, where X is the measured value of weight, length, or head
circumference; and centile = M(1 + LSZ),' where Z is the z
seore that corresponds o a given percentile. Z score 1S a measure
of the distance in standard deviations of a sample from the mean.
Corresponding Z values for 3rd, [0th, 50th, 90th and 97th
percentiles are —1.88079, —1.28155, 0, 1.28155 and 1.88079,
respectively.

Results

Centile charts for birthweight, length, and head circum-
ference were created. Descriptive statistics and the LMS
parameters for the new charts are presented in Tables 2-5
The birthweight centle chant was sex and parity specific.
Because the effects of sex and parity on length and head
circumference at binth were not significant, the growth
charts for length and head circumference were not sex and
parity specific, respectively. The equivalent degrees of freedom
{e.d.fy for L, M and S in birthweight centile charts were
3-5-3 and 3-5-3 for pomiparous and multiparous in both
genders, respectively. The e.df. for L, M and S in body length
centile charts were 6-8-7 and those for head circumference
were 3-6-4.

We compared the previous Japanese birthweight chart” with
the new chart based on the vaginally delivered subjects. This
previous chart was based on data from newborn infants delivered
both vaginally and by cesarean section. The new birthweight
chart is similar to the previous one. The Japanese fetal growth
chart, which was not sex or parity specific, was derived from
normal fetuses that proceeded to term delivery." When we com-
pared this fetal growth chart’ at —1.58D with the new neonatal

© 2014 Japan Pediatric Society
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Table 4 Descriptive statistics and LMS parameters for body length

Gestational Day L M N 3rd 10th 50th 90th 97th
age (weeks)

22 0 1.87424 27.20317 0.06025 23.9 25.0 27.2 29.2 30.1
23 0 2.23654 28.62658 0.05986 25.1 26.3 28.6 30.7 317
24 0 2.60001 30.08731 0.05942 26.4 27.6 30.1 323 332
25 0 2.90324 31.61075 0.05870 27.7 29.0 31.6 338 34.8
26 0 3.03422 33.18404 0.05715 29.1 30.5 332 355 36.4
27 0 3.03818 34.75938 0.05484 30.7 32.1 34.8 37.0 38.0
28 0 2.91885 36.28186 0.05268 32.3 337 36.3 38.6 39.6
29 0 2.67251 37.76109 0.05147 33.8 35.1 37.8 40.1 41.2
30 0 2.32641 39.21835 0.05139 35.2 36.5 39.2 417 428
31 0 2.07431 40.60215 0.05216 36.4 37.8 40.6 432 4.4
32 0 2.08352 41.84327 0.05282 374 389 41.8 44.6 458
33 0 2.36631 42.96936 0.05268 384 39.9 43.0 45.7 47.0
34 0 2.74504 44.05892 0.05185 39.3 40.9 44.1 46.8 43.0
35 0 3.14719 45.13418 0.05038 403 42.0 45.1 47.9 49.0
36 0 3.44450 46.20876 0.04786 415 43.1 46.2 48.9 50.0
37 0 341529 47.24940 0.04437 428 44.4 472 49.8 50.8
38 0 3.05486 48.10145 0.04071 44.1 454 48.1 50.5 315
39 0 2.55078 48.80543 0.03788 45.1 46.3 48.8 S 521
40 0 2.01927 49.42354 0.03621 459 47.1 49.4 517 527
41 0 1.61731 49.91999 0.03535 46.5 47.6 49.9 522 532

LMS, lambda mu sigma.

preterm infants delivered by cesarean section might be associated
with a higher proportion of fetal growth impairment than those
delivered vaginally. In the present study, the skewing of the
10th centile chart distribution toward lower cesarean section
birthweight may be related to a higher proportion of fetal growth
impairment compared to that in vaginal births. If new nconatal
anthropometric charts were constructed using data from the

entire subject population, recognition of abnormal fetal growth
and risks in preterm infants might be underestimated, as stated in
previous reports. ™

Small-for-gestational-age neonates generally experience dis-
ad d short-term prognosis,”'* as well as long-term prog-
nosis for childhood and young adulthood.'™"* SGA is sometimes
used as a proxy for FGR assessment. SGA, however, is based on

Table 5 Descriptive statistics and LMS parameters for head circumference

Gestational Day L M S 3rd 10th 50th 90th 97th
age (weeks)

22 0 2.09955 19.46824 0.05540 17.3 18.0 19.5 20.8 214
23 0 2.13459 20.43013 0.05687 8.1 189 204 219 2235
24 0 2.17417 21.38059 0.05834 18.9 19.7 214 229 236
25 0 2.21764 22.33501 0.05985 19.6 205 223 24.0 247
26 0 2.25803 23.32585 0.06135 204 214 23.3 25.1 258
27 0 2.28827 2434141 0.06270 212 223 24.3 262 27.0
28 0 2.30807 2537157 0.06365 22.1 232 25.4 273 282
29 0 2.32244 26.38570 0.06392 229 24.1 264 284 29.3
30 0 2.33475 27.34679 0.06333 238 250 27.3 295 304
31 0 2.33087 28.26540 0.06192 247 259 283 304 313
32 0 2.30868 29.15516 0.05973 25.6 26.8 29.2 313 322
33 0 2.26830 29.99975 0.05687 26.5 277 30.0 321 33.0
34 0 220122 30.77271 0.05355 275 286 30.8 328 337
35 0 2.09955 3146313 0.04995 283 294 315 334 343
36 0 1.96020 32.08587 0.04637 29.2 30.1 321 339 34.8
37 0 1.79355 32.62979 0.04318 29.9 308 326 344 352
38 0 1.64920 33.01080 0.04096 304 312 33.0 347 355
39 0 1.56618 33.20558 0.03986 307 315 332 34.9 35.6
40 0 1.48218 33.39680 0.03887 30.9 317 334 35.0 35.8
41 0 136547 33.66208 0.03765 31.2 32.0 33.7 353 36.0

LMS, tambda mu sigma.

© 2014 Japan Pediatric Society

neonatal anthropometric percentiles, and FGR is based on fetal
anthropometric percentile and is related to pathological growth in
utero. Neonatal anthropometric charts are derived from cross-
sectional measurements at birth. In contrast, fetal anthropometric
charts are derived from longitudinal anthropometric measure-
ments estimated on ultrasound in normal fetuses proceeding to
term delivery. Thus, SGA infants are not all FGR and FGR
infants are not all SGA. SGA and FGR are not synonymous. The
threshold of lower birthweight for gestational age is different
among the references due to varying inclusion criteria being
used.

Neonatologists tend to rely on neonatal anthropometric charts
derived from the birthweight of preterm infants. The use of neo-
natal anthropometric charts derived from preterm birthweight,
however, appears problematic in that the growth of a fetus deliv-
ered preterm cannot generally be considered normal, and FGR
per se may contribute to preterm delivery.'™™ Therefore, abnor-
mal fetal growth may be missed and mortality and morbidity may
be underestimated.”

The new Japanese neonatal anthropometric chart for gesta-
tional age at birth may not be a reference chart, as a large
proportion of newborn infants delivered by cesarean section
were excluded. Bertino eral. stated that a reliable neonatal
chart should be of both clinical and epidemiological use.' In the
absence of exclusion criteria regarding risk factors for fetal
growth, a chart based on such a population is a reference,
which describes “how growth actually is” in that population.!
Many previously published neonatal anthropometric charts are
categorized as references, even if multiple births, stillbirths,
hydrops fetalis, and infants with severe congenital anomalies
are excluded. It has already been suggested that reference neo-
natal charts are limited by the fact that inclusion of premature
growth-restricted infants incorrectly lowers the norms, resulting
in a high rate of misclassification of newborns, with some
FGR infants inappropriately considered to have normal fetal
growth 5%

In contrast, a standard neonatal growth chart is based on
highly restrictive criteria aimed at excluding all neonates
exposed to any risk factor for fetal growth, thus describing
“how growth should be”."** A few standard neonatal charts have
been published during the last decade*''** Ferdynus efal.
suggested that neonatal growth standards based on healthy
populations could improve the identification of very preterm
neonates such as those SGA and at risk of intraventri-
cular hemorrhage.” Whether the new Japanese neonatal
anthropometric charts represent a standard is controversial,
because the subjects were not classified according to intrauter-
ine growth and maternal health information. This birth-
weight chart, however, is similar to the Japanese fetal chart
(Fig. 2)."° It is unclear whether this similarity may be by chance
or by necessity, because this fetal growth chart was constructed
in 1995 and revised in 2003. The presence of a secular trend
from 1995 until 2003-2005 in Japanese fetuses remains
unknown.

A few limitations of the present study should be noted.
First, although the new neonatal anthropometric charts were

Japanese neonatal anthropometric charts 707

based on the anthropometric data of newborn infants only
delivered vaginally, these subjects might include infants with
fetal growth impairment. The number of the parity- and sex-
specific subjects born by vaginal delivery was <100 for
<31 weeks of gestation. This is not appropriate according 1o the
Bertino et al. definition of reliable growth chans.” Second, we
used a hospital-based, not population-based, sample. The
g tizability of the findings to the newborn population deliv-
ered from healthy mothers in Japan is unclear. Third, further
studies are needed to evaluate the risk for adverse neonatal and
long-term outcome among SGA infants according to the new
Japanese neonatal anthropometric charts for gestational age at
birth.

Conclusion

Large differences in birthweight at the 10th centile between the
growth chant based on the overall subject population and the
previous Japanese chart were observed during the preterm
period. This may be explained by large differences in
birthweight at the 10th centile between vaginal and cesarean
births during the preterm period. Therefore, we have developed
new Japanese growth charts based on newborn infants delivered
vaginally. Use of this chart may result in the recognition of
abnormal fetal growth and risk in preterm infants. Further
studies are needed 1o evaluate the risk for adverse neonatal and
long-term outcome among SGA infamts using these neonatal
charts.
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