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the skeletal muscle of adult mice, where its mRNA expres- Cotransfection of the Gpam promoter-Luc without DNA
sion was very low (Fig. 1F). DNA methylation levels of the methylation and SREBP-1¢ expression plasmid in HEK293
alternative Gpam promoter were low in the skeletal muscle cells caused increased reporter activity from the Gpam
and liver, and GPAT]-variant expression levels were similar  promoter (Fig. 2C). By cornirast, upon methylation of the
between the skeletal muscle and liver (Fig. 1G). These ob- Gpam promoter, Luc activity was not increased above the
servations, taken together, suggest that DNA methylation basal level even in the presence of the SREBP-1¢ expres-
of the Gpom promoter, containing SREs, and its mRNA  sion plasmid (Fig. 20).

expression are inversely correlated in the skeletal muscle. Adenovirus-mediated SREBP-1¢ overexpression and
DNA methylation of the Gpam promoter in primary ChIP analysis of the Gpam promoter in neonatal and
culture of neonatal mouse hepatocytes. We next ex- adult primary hepatocytes, To address whether DNA
amined DNA methylation of the Gpam promoter in primary  methylation of the Gpam promoter is critical for SREBP-
culture of neonatal mouse hepatocytes. In this study, the lc—dependent GPATI expression, we overexpressed SREBP-
gene expression of albumin, a marker of mature hepato- lc in neonatal (high DNA methylation) and adult (low
cytes, increased during the course of culture, suggesting the DNA methylation levels in the Gpam promoter) primary
maturation of primary hepatocytes (Fig. 24). The DNA hepatocytes through the adenoviral technique. We ob-
methylation levels of the Gpam promoter was high at 0 h  served similarly high expression of nuclear form of
but gradually decreased at 48 and 96 h, and GPAT1 mRNA SREBP-l¢ protein in neonatgl and adult primary hepa-
levels were low a2t 0 h and increased at 48 and 96 h (Fig. 2B).  tocytes (Fig. 2D). In this experiment, we observed less
By contrast, DNA methylation levels of IAP remained high expression of GPATI with lower recruitment of SREBP-
at both 0 and 96 h (Fig. 2B), suggesting that decreased 1 to the Gpam promoter in the neonatal primary he-
methylation is not likely due to total demethylation of the patocytes relative to adult primary hepatocytes (Fig. 2D).
whole genome. These observations also suggest an inverse The data indicated that GPAT1 expression is low even
correlation between DNA methylation of the Gpam pro-  in the presence of considerable SREBP-1¢ expression,
moter and its mRNA expression in primary culture of neo- suggesting that DNA methylation of the Gpam pro-
natal mouse hepatocytes. moter is critical for SREBP-le—~dependent GPATL ex-
Reporter activity from the Gpam promoter with in pression.

vitro DNA methylation, In an in vitro reporter assay, we ChIP analysis of the Gpam promoter in neonatal and
examined whether DNA methylation of the Gpam promoter  adult liver. Dnmtl, -3a, and -3b mRNA expression was
affects the SREBP-lc-induced transcriptional activity. detected in the neonatal and adult livers, although the
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FIG. 2. In vitro analysis of DNA methylation and SREBP-1 recruitment of the Gpam promoter. mENA expression levels of albumin {4} and DNA
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hepatic Dnmtl mRNA levels were lower in the adult liver
than in the neonatal liver (Fig. 34). Therefore, we per-
formed ChIP analysis to compare the recruitment of
SREBP-1 and Dnmts to the Gpam promoter between the
neonatal and adulf Hvers. In this s‘rudy, SREBP-1 was not
recruited to the Gpom promoter in the neonatal liver
(day 0 after birth), although it was clearly recruited in
the adult liver (Fig. 3B). Importantly, Dnmit3b was strongly
recruited to the Gpam promoter in the neonatal liver, but
not in the adult liver (Fig. 38). Dnmt3a was also recruited,
although weakly, to the Gpam promoter in the neonatai
liver, but not in the adult liver (Fig. 3B). We also found that
levels of histone H3 lysine4-trimethylation (H3K4me3) and
lysine-9-acetylation (H3K9AC), two transcriptionally active

histone codes, are increased and those of the repressive
histone H3 lysine-9- dl—methylation (H3K9me?) are de-
creased at the Gpam prometer in-the adult liver relative

‘to the neonatal liver (Fig. 88). The recruitment of Dnmt3a

and Dnmt8b to the Scd! promoter did not differ signifi-
cantly between the neonatal and adult livers (Fig, 3C). In
this study, we observed that the recruitment of SREBP-1
and level of H3K9Ac are increased and that of H3KOme2
is decreased at the Scdl promoter in the adult liver re-
lative to the neonatal liver (Fig. 3C).

DNA methylation of the Gpam promoter and GPAT-
mediated TG/DG synthesis in primary hepatocytes with
Dnmt3b overexpression. With adenoviral fransduction of
Dnmot8b, which was strongly recruited to the Gpam promoter
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in the neonatal liver (Fig. 3B), we next examined DNA
methylation of the Gpom promoter, its mRNA expression,
and TG/DG synthesis in primary hepatocytes, which were
obtained from adult mice with low DNA methylation levels
of the Gpam promoter. In this study, we confirmed Dnmt3b
overexpression causes significant Dnmt3b protein expres-
sion (Fig, 44). We found increased DNA methylation of the
Gpam promoter (Fig. 48), but not Sed! and Fasn promoters
(Fig. 4C}, in Dnmit3b-expressing hepatocytes relative to
control GFP-expressing hepatocytes. The GPATI mRNA
levels were markedly lower in hepatocytes with Dnmi3b
overexpression than those with control GFP (Fig. 4D). In the
Gpam promoter (Fig. 4F), but not the Scdl promoter (Fig.
4F), SREBP-1 was less recruited in Dnmt3b-expressing
hepatocytes than in control GFP-expressing hepatocytes. In
addition, TG/DG synthesis and TG contents were lower in
Dnmit3b-expressing hepatocytes than in GFP-expressing
hepatocytes (Fig. 4G). These data suggest that increased
DNA methylation suppresses SREBP-1 recruitment in the
G promoter, decreased GPATI expression, and TG/DG
synthesis.

DNA methylation of the Gpam promoter in the
neonatal offspring liver of the HF/HS diet-fed dams.
We next examined whether the observed DNA methylation
of the Gpam promoter is affected by environmental fac-
tors in vivo. A high-fat or high-calorie diet fed to female
animals during gestation and lactation has been reported
to increase lipogenic gene expression and TG levels in the
liver of offspring (27). In this study, we fed a high-calorie,

A AGGFP  Ad-Dnmi3b C

Adult primary hepatocyte D
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lipogenic HF/HS diet to dams and examined DNA meth-
ylation of the Gpam promoter in the offspring. In pups of
the HE/HS diet-fed dams, DNA methylation levels of the
Gpam promoter were lower, and GPAT] mRNA levels and
SREBP-1 recruitmnent, but not SREBP-lc- mRNA levels,
were higher than those in the pups of standard diet-fed
dams (Fig. 54-D). In this study, hepatic TG levels in-
creased in the pups of the HF/HS diet-fed dams relative to
those of the standard diet-fed dams (Fig. bE).

DISCUSSION

The DNA methylation status has been considered to be
relatively stable except during embryogenesis and carcino-
genesis. However, recent studies showed that DNA meth-
ylation can be modulated in normal tissues even after birth
(28). In this study, we show that expression of Gpam, which
encodes a rate-limiting enzyme for TG biosynthesis, in-
creases in the liver during weaning in response to the
physiologic demand of TG biosynthesis. This may be related
to the dynamic change in the DNA methylation status of the
Gpom promoter during Hiver maturation. In the neonatal liver,
the Gpam promoter region, containing three SREs, shows
high DNA methylation levels with low Gpam expression,
whereas in the adult liver, it shows low DNA methylation
levels with high Gpam expression. Importantly, SREBP-1¢
is recruited to the promoter in the adult liver but not in the
neenatal liver. In this study, in vitro analysis revealed that
DNA methylation of the Gpam promoter can suppress the
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SREBP-1¢-mediated tramc*xipﬁonal activation. Less SREBP-1
recruitment in the Gpam promoter in Dnmt3b-overexpressing
hepatocytes suggests that DNA methylation of the Gpam
promoter inhibited SREBP-1c¢ recruitment. These obser-
vations, taken together, suggest the role of DNA methyla-
tion in the suppressed Gpam expression in the neonatal
liver even in the presence of SREBP-l¢. This above dis-
cussion Is consistent with a previous observation that the
extent of hepatic de novo lipogenesis in the neonatal liver
is lower than that in the adult liver (1). Consistent with
the-decreased DNA methylation, transcriptionally active
H3K4me3 and H3K9Ac are increased, whereas repressive
H3K9me? is decreased at the Gpom promoter in the adult
liver. It is conceivable that in the neonatal liver, DNA
methylation of the Gpam proroter plays roles in the for-
mation and/or maintenance of transcriptionally repressive
chromatin conformation, thereby inhibiting the recruitment
of SREBP-1c. In contrast, in the adult liver, decreased DNA
methylation and increased active histone modifications
may lead to the recruitment of SREBP-1c¢ to the Gpam
promoter.

The mechanism underlying the altered DNA methyla-
tion of the genome has not been thoroughly investigated.
In this study, we found that Dami3b, which is implicated
in de novo DNA methylation, is strongly recruited to the
Gpamn promoter in the neonatal liver but not in the adult
fiver. Dnmt3b overexpression markedly increases DNA
methylation levels of the Gpam promoter in primary adult
hepatocytes. Dnmi3b plays important roles in embryogenesis

2448 DIABETES, VOL. 61, OCTOBER 2012

(10). It has been recently reported to be involved in colon
cancer (28) and hormonal gene regulation in renal tubular
cells (30). Therefore, it is likely that the decreased re-
cruitment of Dnmt3b plays a role in the decreased DNA
methylation of the Gpam promoter, and additional
mechanism(s) for DNA demethylation may be involved
in the process.

The H3K4 methylation level is reported to be reciprocal
with the DNA methylation level, and H3K4me2/3 and DNA
methylation occur mutually exclusively (11,31). In the region
of H3K4me2/3, the DNA methylation levels are generally
low. Alternatively, Dnmit3 may preferentially bind to geno-
mic DNA without H3K4 methylation. In this study, the
H3K4me3 level in the Gpam promoter was low in the neo-
natal liver and high in adult liver, whereas the H3K4me3
level in the Sed I promoter was similar in neonatal and adult
livers. Thus, it is possible that histone modification is in-
volved in the regulation of specificity of DNA methylation in
Gpam and Sedl promoters. In addition, because GPATI
contributes to the transfer of fatty acid o glycerol, whereas
SCD1 and FAS are involved in fatty acid biosynthesis (8),
the differential positioning of GPATI, SCD1, and FAS in the
TG biosynthesis pathway may explain the different mecha-
nisms of their gene expression. Further studies are required
to elucidate how Scdl and Fasn transcription is regulated in
the neonatal liver.

In this study, we also found that GPAT1 mRNA levels
are much lower in the adult skeletal muscle than those in
the adult liver, although SREBP-1c is highly expressed in
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both tissues (19). This is consistent with a previous report
that the GPAT1 enzymatic activity in the skeletal muscle is
much lower than that in the liver (32). The low expression
of Gpam in the adult skeletal muscle may be because the
high DNA methylation of the Gpam promoter suppresses
the SREBP-1c-mediated transcriptional activation. There-
fore, it is conceivable that DNA methylation of the Gpam
promoter is involved in the SREBP-1c-dependent tissue-
specific regulation of Gpam expression. In contrast, the
expression of the GPAT1-variant transcript from the al-
ternative promoter without SRE in the neonatal liver is
roughly comparable to that in the adult liver. This is con-
sistent with our observation that the alternative promoter
is unmethylated in both the neonatal and adult livers,
thereby suggesting the role for DNA methylation in the
promoter-specific regulation of Gpam in the liver.

The change in hepatic gene expression before and after
weaning could be regulated in response to nutritional de-
mand. Indeed, we demonstrated that the lipogenic HF/HS
diet fed to female mice during pregnancy and lactation re-
sults in decreased DNA methylation of the Gpam promoter
in the liver of offspring, suggesting that the DNA methyla-
tion status can be modulated, at least in part, by the nutri-
tional factors. Thus, the change in DNA methylation of the
Gpam promoter is likely to be affected by the fetal and
neonatal environments, such as nutrition, and/or be a pro-
grammed process of liver maturation.

Whether DNA methylation would affect hepatic de novo
lipogenesis later in life is an important issue to be addressed.
Previous reports showed that maternal overnutrition in
animals contributes to the development of nonalcoholic
fatty liver disease in adult offspring (27), suggesting that
hepatic lipid metabolism is nutritionally affected early in
life. In this study, maternal overnutrition caused decreased
Gpam promoter methylation with increased GPATI ex-
pression and TG level in the liver of the offspring; how-
ever, the possibility cannot be excluded that increased
lipid flux from dam, as well as increased de novo TG bio-
synthesis, might have affected the liver TG content of
offspring. Further studies are required to understand
whether DNA methylation can affect hepatic de novo lipo-
genesis and susceptibility to fatty liver-related diseases in
later life.

In conclusion, this study is the first demonstration of re-
ciprocal change in DNA methylation of the Gpam promoter
and its mRNA expression in the mouse liver before and after
weaning (Fig. 5F). Our data suggest that in the neonatal
liver, DNA methylation of the Gpam promoter containing
SREs, which is likely to be induced by Dnmt3b, inhibits the
recruitment of SREBP-1c, whereas in the adult liver, the
decreased DNA methylation may result in active chromatin
conformational change, thereby allowing the recruitment of
SREBP-lc. This is the first detailed analysis of the DNA
methylation-dependent regulation of TG biosynthesis gene
in the liver, thereby leading to the better understanding of
the molecular mechanism underlying the epigenetic regu-
lation of metabolic genes and thus metabolic diseases.
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Standardized centile curves and reference intervals of
serum insulin-like growth factor-I (IGF-I) levels in a normal
Japanese population using the LMS method*
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Abstract. Measurements of insulin-like growth factor-1 (IGF-I) are useful not only for diagnosis and management of
patients with growth hormone (GH)-related disorders but also for assessing nutritional status. We reported population-
based references of serum IGF-I in 1996. However, they did not properly refiect data in the transition period from puberty
to maturity. The aim of the present study was to re-establish a set of normative data for IGF-I for the Japanese population.
The study included 1,685 healthy Japanese subjects (845 males, 840 females) from 0 to 83 years old. Subjects suffering
from diseases that could affect IGF-I levels were excluded. Obese or extremely thin adult subjects were also excluded.
IGF-I concentrations were determined by commercially available immunoradiometric assays. The reference intervals were
calculated using the LMS method. Median IGF-I levels reached 310 ng/mL in males at the age of 14 years and 349 ng/mL
in fernales at the age of 13 years, falling to 124 ng/ml and 103 ng/mL, respectively, by the age of 70 years. The mean
pretreatment [GF-1 SD scores in patients with severe GH deficiency (GHD) obtained from the database of the Foundation
for Growth Science and from clinical studies for adult GHD were -2.1%1.6 and -4.9+2.5, respectively. The present study
established age- and gender-specific normative IGF-I data for the Japanese population and showed the utility of these

references for screening patients with severe GHD.

Key words: Insulin-like growth factor-I, Reference intervals, LMS method, Japanese population

SERUM LEVELS of insulin-like growth factor-I
(IGF-Dreflectendogenous growth hormone (GH) secre-
tion. Measurements of IGF-1 are particularly useful for
diagnosis and management of patients with GH-related
disorders such as GH deficiency (GHD) and excess GH
[1,2]. IGF-I is also dependent on nutritional status [2].
Recent studies have suggested that IGF-I levels repre-
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sent a prognostic factor for systemic diseases including
cardiovascular disease |3, 4], cancer [5], osteoporosis
[6], and dementia [7]. Serum IGF-I levels are known
to vary with age, gender, pubertal stage, physiological
condition, and ethnicity [8-10]. Therefore, it is neces-
sary to establish normative IGF-1 data specifically for
the Japanese population.

We previously reported population-based reference
ranges of serum IGF-I for Japanese based on the data
from 586 children and 724 healthy adults, in 1996 [11,
12]. These references were widely used and acceptable
in clinical practice. However, as the references of chil-
dren and those of adults were established independently,
they did not properly reflect data in the transition period,
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when serum IGF-I levels rapidly decline. Children with
all degrees of mild to severe GHD are considered can-
didates for GH replacement, whereas in adulthood, only
patients with severe GHD are currently indicated for
GH therapy. Therefore, re-evaluation of the diagnosis
at the transition period, when the major pediatric goal
of treatment, i.e. the adult height, has been reached, is
vital. Measurement of serum IGF-1 concentration is rec-
ommended for screening for patients with severe GHD
[13, 14]. In Japan, GH therapy for adults with severe
GHD was approved by the Ministry of Health, Labor
and Welfare in 2006. From these points of view, there is
an urgent need to establish normative IGF-I references
that can be utilized throughout one’s life.

In this cross-sectional study, we re-analyzed serum
IGF-I levels of a previously defined cohort of children
[12] and measured serum IGF-I levels in an additional
1,120 healthy adult subjects [15] in order to establish
normative data for the Japanese population from birth
to senescence.

Subjects and Methods

A total of 586 children (293 boys and 293 girls) of
the defined cohort were re-analyzed using the raw data
described previously [12]. We considered that these
data were applicable for the present study, because
nutritional status of Japanese children did not change so
much between 1996 and 2011 judging from the national
nutrition survey [16], and auxological standards of
Japanese children (i.e. height, weight and body mass
index) are based on the national suwrvey in 2000. A total
of 1,120 participants over 18 years old were recruited
by Sogo-Rinsho-Yakuri Institute [15]. We excluded
subjects from medical histories who had pituitary dis-
orders, thyroid disease, gigantism or acromegaly, short
stature, diabetes mellitus, liver disease (liver cirrho-
sis in particular), renal disease, and severe cardiac dis-
ease, those who were pregnant or lactating and others
who had suffered from an acute illness within 4 weeks.
Moreover, those whose serum creatinine was elevated
to more than 1.8 mg/dL, whose fasting blood glucose
concentration was more than 116 mg/dL, or whose ALT
level was 3-fold that of the upper normal values were
also excluded. And obese or extremely thin subjects
with a body mass index above 30 kg/m2 or below 17
kg/m?, respectively, were also excluded from this study;
cut-off values were based on the WHO definition of
obesity and mild thinness. No subjects were using any
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drug that could affect IGF-I levels such as oral contra-
ceptives or hormone replacement therapy. The subjects
visited the hospital after an overnight fast and their medi-
cal history was taken. Height, weight and waist circum-
ference were measured and blood was withdrawn from
the ante-cubital vein. Fasting plasma glucose, serum
ALT, total cholesterol and creatinine were measured by
routine methods. Blood samples for the determination
of IGF-I were centrifuged at room temperature for 10
minutes at 3,000 rpm. The sera obtained were stored on
ice and placed into freezers at -20 °C on the same day.
They were studied in the laboratory of the Mitsubishi
Chemical Medience Co., Tokyo, Japan.

Serum IGF-I concentrations were determined by
commercially available immunoradiometric assay
(IRMA) kit (IGF-I assay “Daiichi”’; TFB, Inc., Japan)
after dissociation of IGF-1 from IGF-binding proteins by
non-extraction methods [17]. One hundred randomly
selected serum samples were also measured by another
commercially available IRMA kit (Somatomedin-C-II
“Siemens”; Mitsubishi Chemical Medience Co., Japan
[18, 19]). Both assays have been calibrated against the
WHO International Reference Reagent 87/518. The
intra- and inter-assay coefficients of variation were less
than 5% and 8%, respectively, at analyte levels of 400
and 50 ng/mL.

To evaluate the efficacy of IGF-I in screening for
patients with severe GHD, we obtained anonymized
pretreatment IGF-I data of subjects with severe GHD
from the database of the Foundation for Growth Science,
Japan [20] and from clinical studies of GH therapy for
adult GHD [21-24]. In total, 747 children (523 boys and
224 girls) aged two months to 18 years and 67 adults (34
males and 33 females) aged 18 to 24 years with child-
hood-onset severe GHD diagnosed according to the cri-
teria by the Hypothalamo-Pituitary Dysfunction Study
Group of the Japanese Ministry of Health, Labor and
Welfare [25] with recombinant human GH measure-
ments were available for this purpose.

The Ethical Committee of the National Hospital
Organization Kyoto Medical Center and of the Sogo-
Rinsho-Yakuri Institute approved the clinical study
[15]. Written informed consent was obtained from all
of the newly recruited participants.

Statistical Analyses

Construction of the centile curves was performed
with the LMS Chart Maker Pro version 2.3 software
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program (The Institute of Child Health, London), which
fit smooth centile curves to the reference data of serum
IGF-1 using the LMS method. This method summarizes
percentiles at each age based on the power of the age-
specific Box-Cox power transformations that are used
to normalize data [26]. The final curves of the percen-
tiles were produced by three curves representing skew-
ness (L curve), the median (M curve) and coefficient of
variation (S curve). The L, M, S values were smoothed
for each age and gender using cubic spline curves [27].
Two subjects whose serum creatinine was elevated to
more than 1.8 mg/dL or whose ALT level was 3-fold
that of the upper normal values were excluded. We
excluded 11 children and 8 adults as extreme outliers
from the analysis by the LMS method since their IGF-I
values were above or below the median + 2.81 standard
deviation (SD); therefore, the final analysis set consisted
of a total of 1,685 cases (845 males and 840 females).

Results

Table 1 shows the numbers and gender of subjects in
each age group. Since the serum IGF-I concentration
did not show a normal distribution, peaked at puberty
and declined with age after puberty in both males and
females, we adopted the LMS method to analyze these
data. The calculated median + 2SDs of serum IGF-1
and L, M, S values by age for males and females are
shown in Table 2a and b, respectively. Scatter plots
and smoothing curves of +2SD, +SD, median, -SD and
-28D of serum IGF-I for males and females are depicted
in Fig. la and b, respectively. There was a gender dif-
ference in IGF-I levels: females had higher values than
males during childhood and adolescence, and males had
higher values than females after 35- years of age.

The two commercially available IRMAs showed
very similar values. The coefficient of correlation
of the two assays was as high as 0.9864: the conver-
sion equation by the Deming correlation method is
expressed as (Daiichi) = 18.03 + 0.822 (Siemens), as
shown in Fig. 2.

The SD score (Z-score) of serum IGF-I measurement
(y value) was calculated from the L, M and S curves,
using values appropriate for the age and gender, by the
following equation: Z= [(y/M)" -1]/ (LxS), and if L=0,
Z=In (y/M)/S. With this equation, we calculated SD
scores (SDS) of pretreatment IGF-1 levels in children
with severe GHD whose data were obtained from the
Foundation for Growth Science, Japan and from clinical

studies of GH therapy for adult GHD patients [20-24].
The average pretreatment IGF-1 SDS in children with
severe GHD was -2.1+1.6 (males, -1.7£1.0: females,
-3.0£2.2) and that in childhood-onset adult GHD was
-4.9+£2.5 (males, -3.3£1.3: females, -6.6£2.4). The
percentages of patients showing less than -2 SD were
45.5% (males, 37.1%: females, 65.2%) and 94.0%
(males, 88.2%: females, 100%) in childhood and adult
patients, respectively.

Discussion

In the present study, we established the age- and
gender-specific ranges for serum IGF-1 levels mea-
sured by IRMA from birth to senescence in a sam-
ple of 1,685 healthy Japanese subjects. The median
IGF-1 levels increased slowly in prepubertal children
from 70-150 ng/mL with a further steep increase dur-
ing puberty to approximately 350 ng/mL. Peaks of
serum IGF-I levels were observed at 13 years of age in

Table T Age and gender distribution of the
study population

Age (years) Male Female
0-0.99 45 33
1-1.99 12 13
2-2.99 19 11
3-3.99 18 19
4-4.99 14 17
5-5.99 12 10
6-6.99 42 48
7-7.99 10 16
8-8.99 10 24
9-9.99 10 13

10-10.99 12 17
11-11.99 14 9
12-12.99 25 12
13-13.99 18 14
14-14.99 11 11
15-15.99 14 7
16-16.99 2 4
17-17.99 3 6
18-19.99 25 24
20-24.99 51 53
25-29.99 50 51
30-34.99 50 50
35-39.99 50 53
40-44.99 50 49
43-49.99 50 50
50-54.99 52 49
55-59.99 50 51
60-64.99 51 50
65-69.99 51 51
70~ 24 25
Total 845 840
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Table 2a Serum IGF-I reference ranges, and L, M, and S parameters for IGF-I for males age 0 to 77 years
Age(years) L 5 -28D -18D Median
. 2 E

77 X 106 '0.‘306‘ as 'v‘75 ) 106 ) ) 177
Values were calculated by the LMS method with Ims Chart Maker.
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Table 2b Serum IGF-I reference ranges, and L, M, and S parameters for IGF-I for females age 0 to 77 years

Age(vears) L M S -28D -1SD Median +18SD

02
0.217

Values were calculated by the LMS method with fms Chart Maker.
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Fig. 1 Scatter plots and smoothing curves of +28D, +SD, Median, -SD, -28D of serum IGF-I values in Japanese male (a)
and female (b) subjects

— 232 —



National standardized reference of IGF-I 777

(ng/mL)
400+

r=0.8864 n=100 M

300+

Daiichi

0 100 200 300
Siemens

Correlation between IGF-T values determined by TRMA

1GE-T “Daiichi” kit and somatomedin-C-IT “Siemens™ kit

using linear regression analysis

(Daiichi)=18.03+0.822 (Siemens)

460 (ng/mL)

girls and 14 years of age in boys, compatible with the
results of previous studies [9, 10, 28-32]. These gen-
der differences were in line with the observation that
girls experience peak height velocity earlier than boys.
After puberty, observed serum [GF-I levels decreased
rapidly, reaching a plateau in early adulthood. A sub-
sequent continuous fall in circulating IGF-I levels was
apparent throughout adulthood to a mean of 100 ng/
mL at the age of 70 years. The decline was steeper in
women, who had higher levels initially, but had lower
levels than men by the age of 35 years. These gen-
der differences have also been reported in other studies
[33, 34], and might result from the diminished estrogen
levels with aging in women [34], as estrogens play a
major and positive role in regulating the GH/IGF-I axis
in both genders [35]. Accordingly, we believe that new
Japanese references have been successfully produced
and can be adequately used from birth to senescence.
The newly established reference values were con-
structed by the LMS method with all subjects together,
which we believe is one of the most widely applica-
ble approaches for age-related reference intervals [36].
There were three reasons for our adopting the LMS
method to construct the reference charts, although other
investigators have used other statistical methods such
as the polynominal equation model [29] and quantile
regression model [33]. The first reason was that with
the LMS method, we could easily produce convincing

centile curves even when the skewness of data changed
with age. In the present study, indeed, the serum IGF-I
measurements were not normally distributed, and the
skewness of the distribution varied with age. The ref-
erence values in the charts constructed by the polyno-
mial equation model are offset from the conditional
mean dependent on the global SD of the initially trans-
formed variables because that mode] assumes that the
reference distribution follows a normal distribution
without age-variation in skewness. From this point
of view, we thought that the LMS method was supe-
rior to the polynomial equation model in the present
study. The second reason was that the resulting L, M
and S curves contained the information needed to draw
any kind of centile curve, and to convert measurements
into an exact SDS. With reference curves constructed
by a quantile regression model, we cannot calculate
the exact SDS with any measurement. When we uti-
lize these references to analyze many measurements,
SDS is very useful for both clinical management and
research purposes. The third reason was that in the
LMS method maximum penalized likelihood was used
to estimate the age-related curves for each of L, M, and
S by natural cubic splines, which indicated that sub-
jective grouping step was removed and the curve fit-
ting across age was controlled directly by the values
of equivalent degrees of freedom for three smoothing
parameters [36]. Actually, adopting the LMS method
with all subjects together which included adequate num-
ber of subjects for smoothing centile curves, we could
represent the rapid decline from puberty to early adult-
hood smoothly in the newly established centile curves,
compared with those established in the previous stud-
ies [10, 28-31], although numbers of subjects around
16 years of age were very small. On the other hand,
centile curves constructed by the polynominal equation
model or quantile regression mode! would be under-
smoothed, and a bump or a dip would be observed,
which reflected the sampling error with small numbers
of subjects around 16 years of age. Based on these fac-
tors, we decided to adopt the LMS method to generate
percentile curves of serum [GF-I levels.

We also found the utility of IGF-I in screening for
severe GHD patients, especially in the transition period
aged 18 to 24 years. The mean pretreatment 1GF-I SDS
in patients with severe GHD obtained from the clini-
cal studies for childhood-onset adult GHD was -4.9+2.5
(male, -3.3%1.3: female, -6.6+2.4), and its sensitivity in
detecting patients less than -2 SD was 94.0% (male,
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88.2%: female, 100%). Moreover, serum IGF-I lev-
els of all subjects except one male were less than 200
ng/mL, which is the cut-off level for screening severe
GHD patients recommended in the Japanese guideline
for the management of GH-treated adolescents in tran-
sition to adult care [14]. These results let us conclude
that newly established references for serum IGF-I lev-
els were useful for screening severe GHD patients in the
transition period. On the other hand, the utility of IGF-1
for severe GHD in childhood was limited, as the per-
centage of these patients showing less than -2 SDS was
45.5% (male, 37.1%: female, 65.2%). These results
may be explained by the fact that IGF-I appears to be
regulated by multiple factors and a variable percentage
of severe GHD patients have completely normal results
[37]. However, the mean SDS of serum IGF-I levels in
children with severe GHD was -2.1+1.6 (boy, -1.7=1.0:
girl, -3.0+2.2), which was low enough to consider GHD
as a differential diagnosis. The combination of serum
IGF-I level with auxological information would provide
ample information for diagnosis. Taken together, we
considered that these references are useful for screening
for patients with severe GHD even in childhood.

In conclusion, the present study established age-
and gender-specific normative data of IGF-I for the
Japanese population and showed the utility of this ref-
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erence for screening patients with severe GHD before
GH replacement therapy. These reference intervals of
serum IGF-I levels could be widely used in clinical
practice and would assist in calculating patients’ SDS.
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Successful pregnancy in a patient suffering from recurrent
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Abstract

Complement component 9 (C9) deficiency is relatively common, especially in Japan. Here we present the
case of a 27-year-old Japanese woman whose obstetric history involved three mid-trimester miscarriages
(at 22 weeks’, 18 weeks’ and 21 weeks’ gestation) and one early spontaneous miscarriage. Her fifth pregnancy
was successfully managed by cervical cerclage at 13 weeks’ gestation, followed by clindamycin administration
(600 mg/day for 7 days) and progesterone injections (250 mg/week). She gave birth fo a healthy 3326-g male
infant at 40 weeks and 1 day gestation after natural onset of labor. After delivery, the serum complement
components were analyzed. C9 protein and activity were undetectable in the patient’s serum. We suggest
that an immunologic disorder such as C9 deficiency should be considered as a potential complication of

undiagnosed recurrent miscarriages.

Key words: complement component 9, mid-trimester, miscarriage, pregnancy.

Introduction

The complement system is the effector arm of non-
specific humoral immunity, providing first-line
defense against infectious agents, including bacteria,
viruses, fungi, yeasts and parasites. The incidence of
complement component 9 (C9) deficiency in Japan has
been reported to be 0.036-0.150% in the general
population.’® There are a few reports of C9-deficient
patients suffering from intractable infections*® but
most experience good health;f however, several studies
have demonstrated slow and weak bactericidal activity

in CY-deficient serum in vivo.® Little data exists
regarding the effect of C9 deficiency on pregnancy
outcome. Here we present the case of a C9-deficient
patient who had a successful pregnancy after three
consecutive mid-trimester miscarriages and one early
miscarriage.

Case Report

The 27-year-old Japanese woman (gravida 4, para 0)
had an unremarkable medical history and family
history. Although she had no past history of frequent
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infection during the non-pregnant period, she had a
poor obstetric history, as described below.

e First pregnancy: miscarriage at 22 weeks” gestation. The
first pregnancy, which occurred when the patient
was 23 years old, ended in a miscarriage at 22 weeks’
gestation. Although she felt no abdominal symp-
toms, such as uterine contractions, the cervix was
dilated and labor progressed; finally, membrane
rupture occurred at 22 weeks and 1 day gestation.

* Second pregnancy: miscarriage at 18 weeks’ gestation.
The second pregnancy, which occurred when the
patient was 24 years old, ended in a miscarriage at
18 weeks’ gestation. Again, no abdominal symptoms
accompanied cervical dilation, which was noticed at
16 weeks’ gestation; membrane rupture occurred
despite tocolytic treatment.

e Third pregnancy: early miscarriage.

e Fourth pregnancy: miscarriage at 21 weeks’ gestation.
Before the fourth pregnancy, antiphospholipid syn-
drome was considered, but antiphospholipid anti-
body titers were negative. This pregnancy occurred
when she was 26 years old and ended in a miscar-
riage at 21 weeks’ gestation. The pregnancy was
managed in our hospital, where the patient under-
went cervical cerclage at 13 weeks’ gestation after a
diagnosis of cervical insufficiency. Prophylactic
tocolysis by continuous ritodrine infusion was
initiated after surgery; however, membrane rupture
occurred at 21 weeks 0 days’ gestation and signs
of infection (elevated white blood cell [WBC] count
and C-reactive protein [CRP]) were observed. Values
of WBC, CRP and fibrinogen were 7300/mm’
<02mg/dL and 390mg/dL, respectively, at
13 weeks’ gestation (i.e. at Shirodkar’s operation);
7340/mm?®, <0.2mg/dL and 304 mg/dL, respec-
tively, at 20 weeks 6 days’ gestation; and 11 780/mm?,
2.9 mg/dL and 518 mg/dL, respectively, at 21 weeks
0 days’ gestation. Normal ranges for these param-
eters are 3500-9100/mm?® for WBC, <0.3 mg/dL for
CRP and 217-339 mg/dL for fibrinogen.

The fifth pregnancy occurred after the patient con-
ceived naturally. She visited our hospital for care at
5 weeks’ gestation. Cervical cerclage was performed at
13 weeks’ gestation and prophylactic tocolysis therapy
was initiated. Because infection was one of the causes of
miscarriage in the previous pregnancy, she received
oral clindamycin (600 mg/day) for one week.

To determine whether the previous three mid-
trimester miscarriages were due to immunological
abnormalities induced by pregnancy or surgical suture

© 2012 The Authors
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of the cervix, we performed blood tests for autoim-
mune disease, such as antiphospholipid syndrome and
systemic lupus erythematosus, at 14 weeks’ gestation.
Complement hemolytic activity (CH50) was 15.3 U/mL
(normal range: 3040 U/mL), but complement compo-
nent 3 (C3) was 90 U/mL (normalrange: 86-160 U/mL)
and complement component4 (C4) was 24 U/mL
(normal range, 17-45 U/mL). The results of other tests
for systemic lupus erythematosus and antiphospho-
lipid syndrome were normal. Rather than consumption
of complement, deficiency appeared to be the cause of
the abnormal complement result; however, commercial
laboratory tests were not available for components
other than C3 and C4. Clindamycin treatment was
initiated given that elevated fibrinogen levels had
been detected before the elevation of WBC and CRP in
a previous miscarriage and because the decreased
CH50 value suggested an immunological defect.
Hydroxyprogesterone caproate (Proge Depot; Mochida
Pharmaceutical, Tokyo, Japan) intramuscular injection
(250 mg/week) was initiated at 16 weeks’ gestation and
continued to 36 weeks’ gestation, based on evidence
that it improved outcomes after previous premature
delivery.” The clinical course and values for fibrinogen,
WBC and CRP are shown in Figure 1.

Cervical sutures were removed at 36 weeks’ gesta-
tion. The patient gave birth to a healthy male infant
(3326 g) at 40 weeks and 1day’s gestation after the
natural onset of labor. The 1- and 5-minute Apgar
scores were both 9, and no structural abnormalities in
the baby were observed. After delivery, component
deficiency was determined with blood sampled at
14 weeks’ gestation (Table 1). C9 activity and concen-
tration were markedly decreased compared with the
normal control, confirming that the decreased CH50
value was due to C9 deficiency.

Discussion

A mid-trimester miscarriage is a very painful experi-
ence for women who hope to have a baby. In the
present case, we detected C9 deficiency as a possible
cause of recurrent mid-trimester miscarriage after
delivery of a healthy infant.

Causes of mid-trimester abortion include anatomical
abnormalities, cervical incompetence, genital tract
infection, multiple pregnancy, auto-immune factors,
vaginal bleeding and fetal abnormalities." Although
causes cannot be confirmed in many cases, cervi-
cal insufficiency is often diagnosed in women who
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Figure 1 The patient’s clinical course and levels of fibrinogen, white blood cells and C-reactive protein throughout the

pregnancy.

Table 1 Complement hemolytic activity (CH50) and complement component C3-C9

Hemolytic activity CHS50 C3 C5 Cé c7 C8 c9 C9 protein
(U/mL) (U/mL) (U/mL) (U/mL) (U/mL) (U/mL) (U/mL) concentration
(mg/dL)
Normal human serum (NHS)  44.75 2500 2800 3000 4000 3850 3550 60
(NHS%) 100% 100% 100% 100% 100% 100% 100% 100%
The present patient 14.40 2100 2790 2230 3050 3000 0 0
(NHS%) 32% 84% 100% 74% 76% 78% 0% 0%

CHS50 was measured using the Meyer method (normal range: 30-50 U/mL); C3-C9 were measured using the microplate method (detection
limit: <5 U/mL); C9 concentration was measured using the single radial immunodiffusion method (detection limit: <10 mg/dL). Blood used

in the diagnosis was sampled at 14 weeks’ gestation.

experience painless uterine cervical dilation. The diag-
nosis of cervical insufficiency is based on an obstetric
history of recurrent second-trimester or early third-
trimester miscarriage following painless cervical dila-
tion, prolapse, or rupture of the membranes and
expulsion of a live fetus despite minimal uterine activ-
ity. Prophylactic cervical cerclage is an option for
women with cervical insufficiency.” In the present
case, cervical cerclage was performed in the fourth and

564

fifth pregnancies because of two consecutive mid-
trimester miscarriages without abdominal symptoms.

Infection is one of the most serious complications
after cervical cerclage; it is important to prevent
cervical infection and choricamnionitis to achieve a
good pregnancy outcome.” In an in vitro study using
the serum of a patient with C9 deficiency, slow and
weak bactericidal activity against Eschericliia coli was
reported.” Although in vitro bactericidal potential has

© 2012 The Authors
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not been tested in patients with C9 deficiency in previ-
ous studies or in the patient of this study, slow and
causal bactericidal potential might be associated with
the recurrent miscarriages in the present case.

It is not clear why our patient had a successful
outcome in her fifth pregnancy; however, there were
two important aspects of her prenatal care besides the
surgical procedure for cervical insufficiency. The first is
the choice of antibiotic and duration of its use. Prophy-
lactic clindamycin administration in the second trimes-
ter has been reported to improve the outcomes of
patients who have suffered previous preterm births,"
although it is not clear whether single or repeated
administration is better. Another report showed that
continuous low-dose antibiotic treatment and cervical
cerclage improved the outcomes of patients who suf-
fered from recurrent second trimester miscarriages.”
In the present case, we administered oral clindamycin
(600 mg/day) for 7 days, beginning the day of the
operation. Clindamycin was also administered when
the patient’s fibrinogen levels exceeded the upper limit
of normal, because an elevated fibrinogen titer had pre-
ceded the elevation of WBC and CRP in the miscarriage
of the fourth pregnancy; further, an immunological
defect was suspected because of the decreased CH50
titer. Fibrinogen levels were normalized by the admin-
istration of clindamycin; however, the clinical signifi-
cance of fluctuating fibrinogen levels in the present
case was unclear. We speculate that the increase in
fibrinogen levels reflected early infection or inflamma-
tion and the decrease in fibrinogen levels was a result
of clindamycin treatment. Fibrinogen is known to be
involved in inflammation. Treiber reported a decrease
in plasma fibrinogen levels after eradication of Helico-
bacter pylori infection in patients with ischemic heart
disease.® This finding suggested that treatments
directed to H.pylori reduced fibrinogen levels in
patients with negative CRP. Although causal bacteria
were not detected in any of the pregnancies in the
present case, clindamycin treatment may have con-
trolled early infections before the WBC and CRP levels
increased. We speculate that the normalization of
fibrinogen levels can be attributed to the anti-
inflammatory and anti-infectious responses induced
by clindamycin.

The second was the role of progesterone. Several
authors have reported that progesterone improved out-
comes of patients at increased risk of preterm birth.**
Progesterone treatment was also reported to induce a
shift in cytokine bias by inhibiting proinflammatory
and increasing anti-inflammatory cytokine produc-

© 2012 The Authors
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tion.”” In the present case, we think that progesterone
treatment may have improved immune function
reduced by C9 deficiency.

An immunological disorder such as C9 deficiency
should therefore be considered as a potential cause of
undiagnosed recurrent miscarriage. More cases will
be needed to support an association between mid-
trimester miscarriage and C9 deficiency.
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