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statistically significant. All values are expressed as mean
+ standard error of the mean (S.E.M., n = number).

2.13. Ethical considerations

All studies were performed in the laboratories of the
Department of Diabetes and Clinical Nutrition, Kyoto Uni-
versity, in accordance with the Declaration of Helsinki.

The Animal Care Committee of Kyoto University Graduate
School of Medicine approved animal care and procedures.

3. Results

3.1.  Effect of CRA on gluconeogenesis from lactate

in rat liver perfusion

The effect of CRA on gluconeogenesis was investigated in
rat liver perfusion. Glucose output into the effluent
perfusate was stabilized under 2 pmol/g/h. Upon changing
perfusate from basal buffer to KRB containing 2 mM lactate,
the glucose output rate increased rapidly and reached a
steady state of approximately 10 pmol/g/h (Fig. 2). Glucose
output rate was reduced by the addition of 100 uM CRA to
the buffer, and continued to fall during the 20 min perfusion
with CRA. After 100 uM CRA perfusion, the glucose output
rate was 7.3 + 0.3 ymol/g liver/h, approximately 73% of that
before CRA perfusion. Glucose output gradually recovered
after washout of CRA with glucose-free KRB containing
2mM lactate, and, after washout of lactate, fell to under
2 umol/g/h. Average glucose output rate during the last
14 min of the 20min perfusion (66-80min) with KRB
containing 20-100 uM CRA was then measured and com-
pared to control (Fig. 3). The glucose output was significantly

Clucose output ( pmol /g /h )
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Fig. 2 - Inhibitory effect of CRA on glucose output rate in
perfused rat liver. Liver was perfused with glucose-free
KRB buffer for 110 min, and from 30 to 100 min with
glucose-free buffer containing 2 mM lactate. From 60 to
80 min, perfusion was with buffer containing 2 mM lactate
and with 100 uM CRA. From 100 to 110 min, perfusion was
with glucose-free KRB buffer without lactate. Effluent
perfusate was collected every 2 min, and glucose content
was measured. CRA (D), control (@). Data are shown as
means with S.E.M. (n=5 for each group). *P < 0.05,

**P < 0.01 compared with the value of control.
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Fig. 3 - Effect of CRA on glucose output rate in perfused rat
liver. Liver was perfused as in Fig. 2. Average glucose
output rate during the last 14 min (66-80 min) perfusion
period with buffer containing 20-100 M CRA was
compared. CRA ([J), control (W). Data are shown as means

with S.E.M. (n = 5 for each group). *'P < 0.01 compared with
the value of control.
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Fig. 4 - Time course of the inhibitory effect of CRA on
gluconeogenesis in isolated hepatocytes. Hepatocytes
were incubated at 37 “C in a humidified atmosphere (5%
CO;) of DMEM without glucose but containing 1 mM lactate
and 0.24 mM IBMX in the presence of 100 pM CRA or
vehicle for 20, 60, and 120 min. Glucose content in
supernatant was measured by glucose oxidation method.
CRA ([J), control (W). Data are shown as means with S.E.M.
(n = 8 for each group). “P < 0.05, **P < 0.01 compared with
the value of control.

reduced by the addition of 50 uM (12%) and 100 uM (18%) of
CRA compared to control (P < 0.01), dose-dependently in the
20-100 pM CRA range.

3.2.  Effect of CRA on gluconeogenesis from lactate in
isolated hepatocytes

The effect of CRA on gluconeogenesis from lactate was
investigated in hepatocytes. Fig. 4 shows the time course of
inhibition by CRA of hepatic gluconeogenesis fromlactate. The
gluconeogenesis from lactate increased in a time-dependent
manner linearly up to 120 min, indicating that the metabolic
flow in the hepatocytes was at a steady state both in the
presence and in the absence of CRA. After 20, 60, and 120 min
exposure to 100 uM CRA, hepatic gluconeogenesis was sig-
nificantly inhibited compared to control. The gluconeogenesis
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Fig. 5 - Concentration-dependence of the inhibitory effect
of CRA on gluconeogenesis in isolated hepatocytes.
Hepatocytes were incubated at 37 °C in a humidified
atmosphere (5% CO;z) of DMEM without glucose but
containing 1 mM lactate and 0.24 mM IBMX in the
presence of 20-100 pM CRA or vehicle for 20 min, Glucose
content in supernatant was measured by glucose
oxidation method. CRA (), control (M). Data are shown as
means with S.E.M. (n =9 for each group). ‘P < 0.05,

**P < 0.01 compared with the value of control.

in hepatocytes decreased in a dose-dependent manner after
20 min incubation with CRA (Fig. 5).

3.3.  Effect of CRA on neosynthesized ['*CJ-glucose in
isolated hepatocytes

The effect of CRA on gluconeogenesis from |**C]-pyruvate in
the presence of 10mM glucose in culture medium was
investigated in isolated hepatocytes. Fig. 6 shows the time
course of inhibition by CRA of hepatic gluconeogenesis
from ['“C]-pyruvate. The gluconeogenesis from [*C]-
pyruvate increased in a time-dependent manner linearly
up to 120 min, indicating that the metabolic flow in the
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Fig. 6 - Time course of the inhibitory effect of CRA on
neosynthesized [**C]-glucose in isolated hepatocytes.
Hepatocytes were incubated at 37 “C in a humidified
atmosphere (5% CO;) in DMEM with 10 mM glucose, 1 mM
pyruvate and 0.24 mM IBMX, and 0.05 pCi of [**C]-
pyruvate in the presence of 100 pM CRA or vehicle for 20,
60, and 120 min. Radioactivity was measured by liquid
scintillation counter. CRA ([), control (). Data are shown
as means with 5.E.M. (n = 4 for each group). ‘P < 0.05,

**P < 0.01 compared with the value of control.

14 C)-glucose output (nmol/mg)

control 20 uM 50 uM 100 uM

Fig. 7 - Concentration dependence of the inhibitory effect of
CRA on neosynthesized [**C]-glucose in isolated
hepatocytes, Hepatocytes were incubated at 37 ‘Cin a
humidified atmosphere (5% CO;) in DMEM with 10 mM
glucose, 1 mM pyruvate and 0.24 mM IBMX, and 0.05 pCi
of [**C]-pyruvate in the presence of 20-100 pM CRA or
vehicle for 20 min. Radioactivity was measured by liquid
scintillation counting. CRA ([J), control (W). Data are
shown as means with S.E.M. (n = 4 for each group).

**P < 0.01 compared with the value of control.

hepatocytes was at a steady state both in the presence and
in the absence of CRA. After 20, 60, and 120 min exposure to
100 uM CRA, hepatic gluconeogenesis was significantly
inhibited compared to control. The gluconeogenesis from
[*C]-pyruvate decreased in a dose-dependent manner
after 20 min incubation with CRA (Fig. 7). Thus, CRA
inhibited hepatic gluconeogenesis in the presence of
10mM glucose as well as in the absence of glucose in
culture medium.

3.4.  Effect of CRA on F-2,6-BP production in
isolated hepatocytes

The effect of CRA on the production of F-2,6-BP was examined
in isolated hepatocytes. Hepatocytes were incubated in
glucose-free medium with 100 uM CRA for 20 min, and the
F-2,6-BP was then measured. CRA increased F-2,6-BP produc-
tion in hepatocytes approximately 2-fold compared to control
(P < 0.05) (Fig. 8). Next, hepatocytes were incubated in 10 mM
glucose with 100 uM CRA for 20 min, and the F-2,6-BF was then
measured. The addition of 10 mM glucose doubled the basal F-
2,6-BP. In the presence of 10 mM glucose, CRA again increased
F-2,6-BP production in hepatocytes approximately 1.5-fold
compared to control, clearly indicating the central role of
cellular F-2,6-BP levels in CRA inhibition of gluconeogenesis
(P < 0.01) (Fig. 8).

3.5, Effect of CRA on intracellular cAMP level in
isolated hepatocytes

To further clarify the mechanism of action of CRA, we
compared the intracellular cAMP levels in isolated hepato-
cytes. CRA reduced the cAMP level in hepatocytes after
incubation for 20 min (P < 0.05) (Fig. 9A). Forskolin, which
activates the catalytic subunit of adenylate cyclase, evoked a
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Fig. 8 - Effect of CRA on F-2,6-BP production in isolated
hepatocytes. Hepatocytes were incubated at 37 “Cin a
humidified atmosphere (5% CO.) in DMEM with or without
10 mM glucose (G) but containing 1 mM lactate and

0.24 mM IBMX in the presence of 100 uM CRA or vehicle for
20 min. CRA ([J), control (R). Data are shown as means
with §.E.M. (n = 5-7 for each group). ‘P < 0.05, P < 0.01
compared to the value of control without glucose.

**P < 0.01 compared to the value control with 10 mM
glucose.

marked elevation of the cAMP level after incubation for
20 min. CRA also reduced the forskolin-evoked increment
of the cAMP level after incubation for 20 min (P < 0.05)
(Fig. 9B).

36. Effect of CRA on gluconeogenesis with cAMP-
dependent protein kinase (PKA) inhibitor in isolated

hepatocytes

Hepatic gluconeogenesis in isolated hepatocytes was inhibited
after 20 min exposure to the PKA inhibitor, N-[2-(p-bromo-
cinnamylamino)ethyl]-5-isoquinolinesulfonamide (H89) at
the concentration of 10 uM (Fig. 10). We also evaluated the
effect of CRA on gluconeogenesis in hepatocytes in the
presence of 10 uM H89. The PKA inhibitor did not have an
additive inhibitory effect on CRA-induced inhibition of
gluconeogenesis.
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Fig. 10 - Effect of CRA on gluconeogenesis with a PKA
inhibitor (H89) in isolated hepatocytes. Hepatocytes were
incubated at 37 °C in a humidified atmosphere (5% CO,) in
DMEM without glucose but containing 1 mM lactate,

0.24 mM IBMX with/without 10 pM H89 in the presence of
100 uM CRA or vehicle for 20 min. Glucose content in
supernatant was measured by glucose oxidation method.
CRA ([J), control (W), CRA + PKA inhibitor (=), PKA inhibitor
(). Data are shown as means with S.E.M. (n=9 for each
group). *P < 0.05, "'P < 0.01 compared with the value of
control.

37 Effects of CRA on GK activity and G6Pase activity
in isolated hepatocytes

The level of F-2,6-BP is regulated by the synthesizing (6-
phosphofructo-2-kinase, PFK-2) and the degrading (fructose-
2,6-bisphosphatase, F-2,6-BPase) enzyme complex. In insulin-
producing cells, PFK-2/F-2,6-BPase reportedly interacts with
GK, and the overexpression of PFK-2/F-2,6-BPase increases
GK activity. In this study, CRA was found to increase the
level of F-2,6-BP in isolated hepatocytes. Therefore, we
measured GK activity after exposure to CRA. Hepatocytes
were incubated with 100 puM CRA for 20 min, and GK activity
was then measured. CRA significantly increased GK
activity compared to control (control: 0.82 + 0.04, n=5, CRA:
1.09 + 0.02 nmol/mg protein/min, n=5; P < 0.01).

Since G6Pase is also a rate-limiting enzyme of gluconeo-
genesis, we measured G6Pase activity after exposure to CRA.

g

cAMP production
(pmol / mg)

CRA

control

Fig. 9 - Effect of CRA on cAMP level in isolated hepatocytes. Hepatocytes were incubated at 37 °C in a humidified atmosphere
(5% CO,) in DMEM without glucose but containing 1 mM lactate and 0.24 mM IBMX without (A) or with (B) 5 pM forskolin in
the presence of 100 uM CRA or vehicle for 20 min. CRA ([J), control (M). Data are shown as means with S.E.M. (n = 4-6 for

each group). *P < 0.05 compared with the value of control.
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Hepatocytes were incubated with 100 uM CRA for 20 min, and
G6Pase activity was then measured. CRA did not alter GEPase
activity (control: 140 £ 22, n=5, CRA: 168 + 37 nmol/mg pro-
tein/min, n=5; P =0.55).

4, Discussion

This is the first study to demonstrate that CRA reduces hepatic
glucose production. We showed that CRA decreases gluco-
neogenesis in perfused rat liver in a dose-dependent manner
(20-100 uM). We also showed that CRA decreases gluconeo-
genesis in isolated hepatocytes both in glucose-free medium
and in glucose-containing medium in a dose-dependent
manner (20-100 pM).

To determine whether the CRA concentration used in this
study is physiologically relevant, we measured CRA in the
blood after oral administration in dog. When CRA was orally
administered at 20 mg/kg of body weight in dog, the
concentration in peripheral blood was 17 uM after 90 min
(unpublished data). In this study, CRA was found to inhibit
hepatic gluconeogenesis at a concentration about 5-fold
higher than that used in dog. Considering that the
concentration of CRA in the portal vein should be higher
than that in the peripheral vein when orally administered,
the dosage of CRA used in these experiments seems
appropriate.

To investigate the mechanism of action of CRA, we
measured its effect on the production of F-2,6-BP, which
plays an important role in the regulation of both glycolysis and
gluconeogenesis. F-2,6-BP is a potent physiological activator of
PFK-1, the rate-limiting enzyme in glycolysis [21,22], and
inhibits fructose-1,6-bisphosphatase (F-1,6-BPase), an enzyme
active in gluconeogenesis [23,24] (Fig. 11). In this study, CRA
was found to markedly enhance the F-2,6-BP production
during lactate-stimulated gluconeogenesis. Thus, CRA-

induced increase in F-2,6-BP stimulates glycolysis and inhibits
gluconeogenesis.

The activity of the synthesizing (PFK-2) and the degrading
(F-2,6-BPase) enzyme of F-2,6-BP is determined by the
phosphorylation state of PKA. Activation of PFK-2 is known
to elevate cellular levels of F-2,6-BP, and cAMP inactivates PFK-
2 activity through PKA in hepatocytes. On the other hand,
cAMP activates F-2,6-BPase through PKA in hepatocytes [25]. In
this study, we found that CRA decreases the cAMP level in
isolated hepatocytes, suggesting that CRA increases F-2,6-BP
by lowering intracellular cAMP level. We also found that a PKA
inhibitor (H89) decreased gluconeogenesis in isolated hepa-
tocytes, but did not have an additive inhibitory effect on CRA-
induced inhibition of gluconeogenesis. Thus, CRA would seem
to inhibit hepatic gluconeogenesis through the PKA-mediated
pathway. However, CRA was found to reduce the forskolin-
evoked increment of intracellular cAMP level, Thus, the
mechanism by which CRA decreases the intracellular cAMP
level must be investigated in further study.

Recently, Massa et al. [26] reported that PFK-2/F-2,6-BPase
enzyme complex interacts with GK in the insulin-producing
cells and that overexpression of PFK-2/F-2 6-BPase increases
GK activity. In this study, we measured GK activity after
exposure to CRA in isolated hepatocytes. CRA was found to
increase GK activity, leading to glycolysis in the hepatocytes.
On the other hand, Wen et al. |9] reported that CRA inhibited
glycogen phospholylase a purified from rat liver. This direct
effect of CRA on the enzyme of glycogen phospholylase
suggests that CRA might inhibit glycogenolysis, another
pathway to glucose production besides gluconeogenesis.
Thus, the increased glycolysis and decreased glycogenolysis
in hepatocytes may also contribute to the anti-diabetic action
of CRA.

It was previously shown that Banaba leaf extract (1% CRA)
decreases blood glucose levels in humans in a dose-dependent
manner [27]. In addition, CRA has been shown to reduce post
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Fig. 11 - Mechanism of inhibitory action of CRA on gluconeogenesis.
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challenge plasma glucose levels in human [11]. Considered
together, these data suggest that CRA may provide a valuable
new therapy in the treatment of type 2 diabetes,
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ARTICLE INFO ABSTRACT

0,0.5-Trimethylphosphorothioate (O05-TMP) has been shown to induce hypophagia and hypopraxia. Recent
studies suggest that O0S-TMP-induced anorexia is partly mediated by its effect on the central nervous
system. In this study, we examined the profiles of N-acylethanolamines (NEAs), including five amide-linked
compounds, in the gastrointestinal system in C57BL{6) (B6) mice. The present results shown an orexigenic
profile of the levels of NEAs with downregulation of the anorectic lipid, N-stearoylethanolamine (SEA),
upregulation of the orexigenic lipid, 2-arachidonoyl glyceral (2-AG), at 2 h and upregulation of 2-AG at 24 h
albeit with significant anorexia. However, the data indicated that the high level of 2-AG may be responsible
for the hypopraxia. We next explored whether 00S-TMP may affect two models of hyperphagia and
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Anorexia hyperglycemia, ins2* /¥ g6 (Akita) and B6-lepr™ [lepr™® mice (db/db). We identified potential anorexigenic
GCIMS effects in B6, Akita and db/db mice. Moreover, 005-TMP was found to reduce blood glucose in Akita mice but
dbfdb mice not in db/db mice. Collectively, these findings suggest that N-acylethanolamines are not involved in the
Akita mice hypophagia but rather hypopraxia, and may play multiple physiological roles in this process, 00S-TMP might
::::s;f:“ be a promising candidate for anti-obesity and anti-diabetic drug development,

™ © 2008 Published by Elsevier Inc.
1. Introduction hypothermia and hypopraxia (Huang et al., 2007; Ohtaka et al,

0,0.5-trimethylphosphorothioate (OOS-TMP) is a contaminant in a
number of widely used organophosphorous insecticides. It has been
recognized as a unique environmental and lung toxicant that causes
emaciation, lung injury, hypercapnia, hypothermia, hyperethanola-
minuria and death owing to wasting without inhibition of AchE
activity in mammalian species. (Koizumi et al., 1988; Aldridge et al.,
1979; Verschoyle and Cabral, 1982, Imamura et al,, 1983a,b; Aldridge
et al,, 1985; Gandy and Imamura, 1985; Umetsu et al., 1977).

Anorexia is one of the typical symptoms of the wasting syndrome
caused by OOS-TMP administered by per os, intracerebroventricular
(i.cv.) or intraperitoneal (i.p.) routes, and is accompanied by

Abbreviations: 005-TMF, 0,0,5-tri sthioate; Lcv., intrac -
tricular; NEAs, N-acylethanol : PEA, N-pal leth OEA, N-oleoy-
lethanolamine: AEA, N-arachidonoylethanolamine (anandamide): 2-AG. 2-
arachidonoyl glycerol; SEA, N-stearoylethanolamine: GC/MS, gas chromatography/
mass spectrometry.
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1995; Hasegawa and Koizumi, 1990).

Regulation of appetite and body weight is mediated by a complex
physiological network involving both the central and peripheral
nervous systems (Schwartz et al.,, 2000). In our previous study, both
i.cv. and ip. injections transiently induced hypophagia at a dose of
5 mg/kg, with mild bronchial damages without alveolar injury.
Hypophagia was accompanied by upregulation of corticotropin
releasing factor (CRF) in the hypothalamus. At doses higher than
5 mg/kg. Le.v. injection induced continuous hypophagia from 20 min to
72 h after dosing, accompanied by hypothermia and lung injury. 00S-
TMP is thought to induce hypophagia by enhancing the expression ol
CRF in the hypothalamus (Huang et al., 2007). However, the role of the
peripheral gastrointestinal system in hypophagia remains unclear.

N-acylethanolamines (NAEs) are a group of lipid mediator molecules
with a wide range of biological effects. It is generally believed that they are
formed from N-acylated phosphatidylethanolamines (NAPEs) (Schiid et
al, 1990; Hansen et al, 2002; Schmid et al., 2002). Increasing evidence has
demonstrated the ability of the N-acylethanolamines to control appetite,
lipid homeostasis and energy balance. N-arachidonoylethanolamine
(AEA), 2-arachidonoylglycerol (2-AG), N-palmitoylethanolamine (PEA),
N-oleoylethanolamine (OEA) and N-stearoylethanolamine (SEA) belong
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to the family of N-acylethanolamines that are generated by the enzyme
N-acylphosphatidylethanolamine-hydrolyzing phospholipase D. The
anandamide (AEA) and 2-AG, the first lipids identified to have orexigenic
activities, are the main endogenous agonists of cannabinoid receptors
found in the brain and other tissues associated with orexigenic effects
(Pagotto and Pasquali, 2005; Engeli et al., 2005; Howlett et al,, 2002). In
contrast, some other anorectic lipid classes of structurally-related
compounds, such as N-palmitoylethanolamine (PEA), N-oleoylethano-
lamine (OEA) and N-stearoylethanolamine (SEA), have been reported to
be involved in the anorectic response (Terrazzino et al.. 2004: Schmid
et al., 2002).

In light of recent progress in understanding the regulation of
eating behavior in the central nervous system. it is interesting to
investigate the effects of OOS-TMP on the peripheral N-acylethano-
lamines levels in the gastrointestinal tract. Thus, one of the aims of the
present study was to determine the levels of peripheral N-acyletha-
nolamines including PEA, OEA, SEA, AEA, 2-AG that are closely
associated with appetitive function, lipid homeostasis, behavior and
energy balance in mice treated with ODS-TMP. In the present study,
we used C57BL/6] (B6) mice, which are genetically more homegenous
than ddY mice, which were not derived from an inbred mouse strain.

ins2*/A%2 mice, a model of type 2 diaberes (Yoshioka et al., 1997),
carries a C96Y mutation in the Ins2 gene on a B6 background (Wang
et al, 1999), While B6-lepr™/lepr™” (db/db) mice, a well-established
genetic rodent model of hyperphagia, obesity, insulin resistance, is
another model of type 2 diabetes (Hummel et al., 1966; Shao et al.,
2000). As both of these diabetic models are characterized by
hyperglycemia and hyperphagia, we intended to explore whether or
not 00S-TMP has an influence in these mice.

2. Methods
2.1. Animals

The study protocol was approved by the Animal Research
Committee of Kyoto University. All mice were handled in accordance
with the Animal Welfare Guidelines of Kyoto University. We used male
mice throughout this study. We purchased B6 and B6 background db/
db and diabetic nonobese Akita mice{ins2*/**) from Japan SLC, Inc.
(Shizuoka, Japan). A total of 45 mice were housed individually and
given free access to a pelletized chow and water during the
acclimatization period, except when otherwise indicated. A standard
commercial lab chow diet (F-2, 3.73 kcal/g, Funahashi Farm Corp.,
Chiba, Japan) was used. All animals were maintained at an ambient
temperature of 24+2 °C and 50+ 10% humidity with a 12 h dark-light
cycle (lights on at 7:00 AM).

22. Chemicals and OOS-TMP

All chemicals were of the purest analytical grade. 00S-TMP was
synthesized and purified as previously described by Hasegawa and
Koizumi (1990). The purity of the compound was found to be more
than 99.8% as determined by NMR (JEOL JNM-EX400KS, JEOL Ltd.
Akishima, Tokyo, Japan). PEA, OEA, AEA, 2-AG and SEA were purchased
from Cayman Chemical Co. (Ann Arbor, MI).

23 Lcv. cannulation

The surgical operation for i.cv. cannulation was carried out as
reported by Asakawa et al. (2001). Briefly, mice were anesthetized
with sodium pentobarbital by i.p. injection (80-85 mg/kg) and fixed in
a stereotaxic frame (SR-6, Narishige, Tokyo. Japan). A small hole was
made in the skull using a needle inserted 0.9 mm lateral to the central
suture and 0.9 mm posterior to the bregma. A 24-gauge cannula
beveled at one end over a distance of 3 mm (Safelet-Cas, Nipro, Osaka,
Japan) was put into the third cerebral ventricle for i.c.v. injection. The

stainless-steel cannula was fixed to the skull with dental cement and
capped with silicon without an obtruder. The animals were allowed to
recover for 1 week before any experimental manipulation.

To ascertain the injection site that the drugs were injected exactly
into the cerebral ventricle, at the end of all i.c.v. experiments, diluted
India ink was injected through the cannula and animals were killed
immediately by anesthetic overdose. Only those animals showing
uniform distribution of ink into the ventricles were used for statistical
analysis.

2.4 Lcv. injection and experimental process

Conscious 7-week old animals were gently restrained by hand. A
dose of 5 mg/kg of O0S-TMP was chosen because this dose induced
hypophagia by upregulating of CRF without any toxicological signs
(Huang et al., 2007). Four microliters of various concentrations of
00S-TMP dissolved in 5% dimethylsulfoxide (DMSO) in 0.9% saline
were injected i.c.v. using a microsyringe via PE-20 tubing fitted with a
27-gauge needle that was inserted through the guide cannula to a
depth of 3 mm below the external surface of the skull. Control animals
received an equivalent volume of vehicle (5% DMSO in 0.9% saline),
Before feeding tests, mice were fasted for 16 h with unlimited access to
water. 00S-TMP or vehicle was singly administered by i.c.v. to food-
deprived mice at 10:00 a.m. Food intake was recorded at 20 min and at
1,2, 4,6 and 24 h, and body weights were monitored at 0, 6. 12 and
24 h after i.c.v. injection. To determine the blood glucose levels, blood
samples were collected from the tail vein immediately before fasting
at between 18:00 and 19:00 pm, and a further sample was obtained
from the orbital sinus at 10:00 am, i.e,, 24 h after i.c.v. injection. The
blood glucose levels were determined using a glucometer (Glutest
Ace: Arkray Factory, Shiga, Japan), which used the glucose oxidase
method. At the end of observation, mice were sacrificed by rapid
decapitation. The intestines were removed quickly, rinsed with
2= 1 ml ice-cold saline, and then immediately stored in liquid nitrogen
at =70 “C until analyzed. In addition, we obtained and stored the lung
to investigate lung injury.

2.5, Gas chromatography/mass spectrometer (GG/MS) analysis of
N-acylethanolamines in the intestine

The intestinal content of N-acylethanolamines was determined by
isotope-dilution GC/MS (Giuffrida and Piomelli, 1998; Felder et al.,
1996). Lipid extraction and fractionation were performed as pre-
viously described (Schmid et al.. 1995; Yang and Karoum, 1999) with a
slight modification. Thawed intestine (0.6 g) was homogenized in
20 ml chloroform and spiked with an isotope mixture (5 ul) containing
YC labeled 2-AG, AEA, PEA, SEA and OEA (500 pmol each) as internal
standards. Then, 10 ml of 0.5% saline and 10 ml of methanol were
added, shaken for 1 h and centrifuged at 15,000 xg for 15 min. The
lipid chloroform fraction was recovered; a further 10 ml of 0.5% saline
and 10 ml methanol was added, and the mixture incubated for
another 20 min and centrifuged as described above. This step was
repeated twice. The lipid chloroform fraction was dried on a rotary
evaporator at a temperature below 50 “C. The lipid extract was
redissolved in 5 ml of chloroform and applied to a column (Presep-C
Florisil, Wako Pure Chemical Industries. Ltd.. Osaka, Japan). The lipid
extracts were washed with hexane, 0.1% acetic acid in hexane and
then 20% ethyl acetate in hexane, and eluted using 2% methanol in
chloroform. The fractions eluted in 2% methanol in chloroform were
collected and dried with a stream of nitrogen. The dried residues were
derivatized by adding100 pl O-Bis{trimethylsilyl)trifluoroacetamide.
The vials were tightly capped and heated at 50 "C for 60 min. After
cooling to room temperature, the derivatives were dried under
nitrogen, reconstituted in 50 pl of chloroform and vortex mixed. The
extracts were injected into an Agilent Technologies 6890 N Network
GC equipped with an HP-5MS column (30 m=0.25 mm id., Hewlett-
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Table 1
Effects of a single Lov. injection of O05-TMP (5 mg/kg) on gut lipids (B6)
i'ni'aciﬁ!nlr lipids (pmnl_,lE tissue) = w lipids (pmol/g tissue)
Time after dosing Number of mice PEA OEA SEA AEA 2AG
2h Case 5 636111959 1111156 37851702 7381087 1719.581599.69
Controls 5 59.73:11.09 0.74£0.73 52:9919.00 614088 1290.49:2119.90
24h Case 5 184.93£35.16 85462248983 133622497 0497059 3565744116400 *
Control - | 23283168.56 20043210335 12412505 0932092 1698.212450.79
=5 per group *p<0.05 vs. control.
*Significant (p<0,05).

Packard, Palo Alto, CA) in the splitless mode. Mass spectral data were
acquired using the Agilent 5973 Network Mass Selective Detector, The
oven temperature was increased from 150 °C to 280 °C at a rate of
10 °C per min. The M-15 ions were monitored using the selected ion
monitoring mode.

2.6. Statistical analysis

For the levels of N-acylethanolamines, statistical analysis was
performed using the Wilcoxon signed-rank test. One-way analysis of
variance (ANOVA) was used for the cumulative food intake, relative
body weight, and blood glucose level. When ANOVA was significant,
the Duncan procedure was performed for multiple comparisons, All
analyses were done using STATISTICA™ software (StatSoft™, Japan), A
p value<0.05 was considered to be significant.

3. Results

3.1, Effects of a single i.c.v. injection of O0S-TMP on the levels of N-
acylethanolamines in the intestine of B6 mice at 2 h and 24 h

Previous studies have shown that anorexia generated by 005-TMP
is partly mediated by its action on the central nervous system, while
the profile of the peripheral gastrointestinal system is currently
unclear. Therefore, we determined the levels of N-acylethanolamines
(NEAs) including PEA, OEA, SEA. AEA, 2-AG farty acid amide com-
pounds in intestines (peripheral organ) to investigate whether 005-
TMP acts on the gastrointestinal system resulting in anorexia,
hypopraxia.

We determined the levels of N-acylethanolamines (NEAs) in the
intestines at 2 h and 24 h after administration of O0S-TMP. As shown
in Table 1, at 2 h, quantification of NEAs by GC/MS revealed that that
the level of SEA, an anorexic lipid mediator, was significantly
decreased after treatment with OOS-TMP at a dose of 5 mglkg
compared with the control group, while its congeners, the other two
types of orexic lipid mediators AEA and 2-AG, were slightly increased.
On the other hand, at 24 h, the level of 2-AG, an orexigenic lipid
mediator, was further increased (Table 1), while the levels of PEA and
OEA, an anorexic molecule, declined to a lesser extent. No detectable
changes were observed in SEA compared with the controls (Table 1).

The present results indicated that the orexigenic profile of
the endocannabinoid levels was strengthened in the intestine with
00S-TMP at a dose of 5 mg/kg at 2 h and 24 h albeit with significant
anorexia.

3.2. Effects of 00S-TMP on cumulative food intake, body weight gain and
blood glucose in B6, Akita and db/db mice

Next, we investigated whether OOS-TMP induces comparable
anorexigenic effects in the hyperphagic mouse models Akita and db/
db mice. D0S-TMP significantly inhibited feeding in B6 at all time
points, while feeding in the Akita and db/db mice had recovered
somewhat by 4 h, indicating that the effects of O0S-TMP were less
intensive in these hyperphagic mice. However, of interest is that at

24 h, OOS-TMP significantly inhibited food intake in these mice (005S-
TMP vs control (g); B6 mice: 0.28+0.4 vs 4,55+ 1,54; Akita: 1.02£045
vs3.38£0.65; db/db:1.85£0.21 vs 5.35£0.86; Fig. 1A, B, C). It should be
also pointed out that food consumption by Akita mice and dbfdb mice
did not showed hyperphagia when compared with controls. However,
the cumulative food consumption at 24 h in treated mice was
significantly larger in Akita or db/db than in C57BL/6 (p<0.05).

After administration of DOS-TMP, mice displayed weight loss and
decreased food intake. In particular, from 12 to 24 h a significant body
weight reduction was observed in Akita mice, and db/db mice showed
significant body weight loss at 24 h (p=<0.001). The mean and SD of
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Fig. 1. Effects of a single 1w, impection of 005-TMIP (5 mg/kg) on cumulative food intake
in B6, Akita and db/db mice from 20 min to 24 h. A. Effect of 00S-TMP an cumulative
food intake in food-deprived B6 mice. n=5; *p<0.05 vs. control. **p<0.01 v control,
<0001 vs control, B, Effect of O0S-TMP on cumulative food intake in food-
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body weight (g) at 24 h were 23.4+2.25 for B6 mice, 19.98+0.99 for
Akita mice and 44.97 £1.00 for db/db mice (Fig. 2A.B,C).

Histological examination of the lungs form these mice revealed
mild desquamation of the Clara cells in the bronchi as previously
reported in ddY mice (Huang et al., 2007) and an absence of alveolar
damage at 24 h (data not shown).

Blood glucose levels were significantly decreased ar 24 h after
00S-TMP administration in Akita mice (n=5); 414.00+96.71 mg/dL
before treatment and 138.004 139.40 mg/dL at 24 h after treatment
(p<0.01). In contrast, blood glucose levels in Akita mice without
treatment (n=5) were (509.00+90.21 mg/dL) before vehicle treat-
ment and (538.75 £ 70.74 mg/dL) at 24 h after vehicle treatment. In dbf
db mice, blood glucose levels were (n=5); 258.20174.16 mg/dL before
treatment and 347.60+108.34 mg/dL at 24 h after dosing (p>0.05)
while in db/db control mice, they were (277.75+111.33 mg/dL) and
(40725415731 mg/dL) respectively (p=0.05).

4. Discussion

Appetite and energy homeostasis are regulated by various stimu-
latory (orexigenic) and inhibitory (anorexigenic) signaling pathways
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Fig. 2. Effects of a single i.c.v. Injection of 005-TMP (5 mg/kg) on relative body weight of
B6 mice, Akita mice and dbfdb mice from O to 24 h. A Effect of O0S-TMP on relative
body weight In food-deprived B6 mice, n=5; *p<0.05 vs. control, **p<0.01 vs. control,
***p<0,001 vs control; B, Effect of O0S-TMP on relative body weight in food-deprived
Akita mice. n=5*p<005 vs. control, **p<0.01 vs. control, ***p<0.001 vs. control;
C. Effect of OOS-TMP on relative body weight in food-deprived db/db mice. n=5;
“p<0,05 vs. control, **p<0.01 vs. conrrol, ***p=0.001 vz control.

involving the central nervous system and the gastrointestinal system.
Our previous study demonstrated that O0S-TMP induced anorexia,
hypopraxia and enhanced the expression of corticotropin releasing
factor (CRF), anorexigenic signalling, in the hypothalamus without
apparent toxicity (Huang et al., 2007). However, the effects of N-
acylethanolamines on the intestine have not been investigated. In this
paper, sensitive and specific GC/MS assay was used to determine
changes in intestinal levels of N-acylethanclamines, including PEA,
OEA, SEA, AEA and 2-AG.

It appears that N-acylethanolamines signalling via cannabinoid
receptors modulates food intake, lipid homeostasis, behaviour and
energy balance (Pacher et al,, 2006; Cota et al,, 2003; Kirkham et al.,
2002; Onaivi et al, 2002). Endocannabinoids are implicated in
appetite and body weight regulation. 2-AG was the first endocanna-
binoids to be identified, and is the arachidonate ester of glycerol,
which activates both the CB; and CB; receptors (Mechoulam et al.,
1995: Sugiura et al., 1995). Surprisingly, the present study revealed an
orexigenic pattern in the intestine at both 2 h and 24 h. Importantly, 2-
AG levels remained constantly higher than control at 2 and 24 h
conditions, especially, at 24 h, with twofold increase in mice small
intestines.

Recently, it has been suggested that 2-AG reduces spontaneous
locomotor activity and rearing frequency in a dose-dependent manner
(Darmani, 2002). Other studies in rodents have also shown that larger
doses of 2-AG and AEA are motor suppressive and both compounds are
equipotent in reducing spontaneous locomotor activity (Mechoulam
et al., 1995). The present study confirmed that the reduction in
locomotor activity requires larger doses of 2-AG as the 2-AG level
was1719.58 £599,69 pmol/g at 2 h with mice exhibited low locomotor
activity and the level at 24 h was 3565.744 1164.00 pmol/g and the
mice displayed typical hypopraxia. Given that one of important finding
of the present investigation is thar the high concenrration of 2-AG may
be responsible for the reduction in locomotor activity observed, there
are two contradictory statuses, in that there was anorexigenic
dominance in the central nervous system and orexigenic dominance
in the gastrointestinal system. Taken together, it can be concluded that
anorexigenic signals in the central nervous system may predominate
eating behaviour. By contrast, the endocannabinoid system in the
gastrointestinal system may be involved in the locomotor suppression
reduced by 0OS-TMP.

N-stearoylethanolamine (SEA) has recently been reported also to
inhibit food intake by downregulating of liver gene expression of
stearoyl-coenzyme A desaturase 1, while PPARa, PPARJ3, and PPARYy
expression was unaffected (Terrazzino et al, 2004). In the present
study, however, we observed an orexigenic profile with significantly
declined amount of SEA in intestines at 2 h but unchanged at 24 h after
DO0S-TMP treatment.

The possible physiological and pathological significance of the
changes of N-acylethanolamines in the feeding-associated brain
region including the hypothalamus, brain stem and limbic forebrain
remains to be determined in the future. Particularly, the 2-AG level in
the brain needs to be determined because it is found in both the
gastrointestinal tract and the brain (Mechoulam et al., 1995).

The present study confirms the previously reported anorexigenic
effect of OOS-TMP (Huang et al., 2007; Hasegawa and Koizumi, 1990;
Koizumi et al., 1988). However, there are subtle inconsistencies: B6
control mice continued to be hypophagic at 24 h while early recovery
in eating behavior was observed in ddY mice (Huang et al,, 2007). This
discrepancy may indicate a genetic difference in susceptibility to 00S-
TMP between these two widely used mice strians. In fact, B6 mice are
more genetically homogeneous than ddY mice. Another inconsistency
may be related to the absence of hyperphagia in the Akita and db/db
control mice that underwent i.c.v. surgery, but without administration
of 00S-TMP, when compared with their counterpart control mice. This
may be associated with susceptibility to surgery: Akita and db/db
might be more susceptible to the damage associated with i.cv.

= =
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surgery. However, when these three types of mice were compared at
the 24 h timepoint, the Akita and db/db mice treated with O0S-TMP
consumed more diet than the B6 mice (p<0.05). Therefore, these
results are consistent with our previous observation in that the
anorexigenic effects of OOS-TMP in hyperphagic mice, Akita
(Toyoshima et al, 2007) and dbfdb mice were ameliorated compared
with wild-type B6 mice.

In our experiment, there was a striking drop in blood glucose in the
Akita diabetic mice and a loss of body weight at 24 h, the db/db, Akita
and B6 mice aflter i.c.v. administration of O0S-TMP. This observation
suggests that 0O0S-TMP may have potential anti-obesity and anti-
diabetic-like effects in a variety of animal models of eating-related
disorders. Comprehensive understanding of the molecular and
biochemical mechanism of O0S-TMP-induced anorexia warrants
further exploration.

In summary, the present data indicate that peripherally NEAs are
not involved in the hypophagia but instead hypopraxia caused by
O0S-TMP. We have also shown that the endocannabinoid 2-AG is the
most sensitive to variation during feeding. Overall, these findings are
consistent with previous reports and support the role of endocanna-
binoids in the physiological regulation of appetite, body weight and
behavior control. Although we observed changes in endocannabinoid
levels in the gastrointestinal system after OOS-TMP administration,
the exact mechanisms for this remain unknown: it simply represents
the fasting conditions in the gastrointestinal system and the effect of
00S-TMP on endocannabinoid metabolizing enzymes left unclear.
Further studies are necessary.
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ARTICLE INFO ABSTRACT

Diabetic Akita male mice are more hyperphagic because of downregulation of proopiomelanocortin
(POMC) caused by hypoleptinemia. We investigated the role of estrogen receptor = (ERx) in the regulation
of the hypothalamic POMC in females. ERaKOAkt mice consumed 30% greater food (g/3 weeks) than the
Akita diabetic controls. Ovariectomized diabetic (AFO) and nondiabetic (B6FO) mice had significantly
— lower food intake and elevated serum leptin levels. ERaKOAkt and ERaKO mice also increased serum lep-
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Keywards: tin concentrations, while hypoinsulinemia was observed in ERaKOAkt and hyperinsulinemia in ERaKO
ﬂ'“"'":‘ ) mice. RT-PCR showed a significant attenuation of POMC expression in both ERaKOAkt and ERaKO mice,
etk eo irrespective of the elevated leptin serum levels or hyperinsulinemia, while elevated serum leptin levels

in AFO and B6FO mice upregulated POMC gene expression. These results indicate that ERx plays an essen-

Estrogen receptor aipha x b
tial role in leptin- and insulin-stimulated upregulation of the POMC gene. This action of ER= is likely med-

iated in a ligand-independent manner,

Diabetes mellitus is one of the most serious health concerns for
modern societies and will pose enormous economic burdens on a
global level, if effective prevention programs are not initiated. In
terms of prevention programs, changing the life-style is essential,
as with exercise, diet, and self-monitoring of blood glucose. Of par-
ticular importance is controlling the diet. However, a major obsta-
cle to following dietary regimens is hunger [1].

Akita mice (Ins2"*"/*) carry a C96Y mutation in the Ins2 gene
and spontaneously develop early age-onset diabetes with reduced
pancreatic fi-cell mass without insulitis or obesity [2-4]. Akita
mice are characterized by hyperphagia; males show greater hyper-
phagia than females [5].

It is well established that the leptin-proopiomelanocortin
(POMC) axis plays an important role in appetite control. Leptin is
a hormone generated by adipose tissue [6-8], while POMC is one
of the major anorexic peptides generated in the hypothalamus
|9]. POMC expression is upregulated by both insulin [10,11] and
leptin [9,12,13]. Our previous study showed that leptin deficiency
lowered gene expression of POMC in the hypothalamus, leading to
hyperphagia in male Akita mice |14). Hyperphagia and reduced
POMC gene expression were normalized by castration in males
through elevation of leptin | 14]. In female Akita mice, the leptin-
POMC axis is properly maintained and thus induces only mild

* Corresponding author, Fax: +81 75 753 4458,
E-mail address: koizumi@pbh.med.kyoto-u.ac jp (A Koizumi).

0006-291X/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi: 10.1016/).bbrc.2008.04.073

© 2008 Elsevier Inc. All rights reserved.

hyperphagia [ 14]. Although sex hormones are speculated to play
critical roles in such dimorphic eating behavior, the direct physio-
logical consequence remains largely unknown.

Accumulating evidence indicates that sex hormones act on the
regulation of body weight and food intake [15-17]. In particular,
the functional roles of estrogen in regulating body fat and meta-
bolic pathways have been extensively studied and recent studies
have shown that mice lacking estrogen receptor alpha {ERx), the
main mediator of estrogen effects on energy homeostasis, have in-
creased fat mass and hyperlipidemia [18). ERx expression is in-
volved in the estrogenic control of feeding behavior and weight
regulation of female mice [16].

The main aim of the present study was to investigate the effectsof
estrogen and its receptor ERx on eating behavior. To achieve this, we
used ERx gene null mice (ERaKOAkt) and ovariectomized (OVX) Aki-
ta mice. Here, we report that ERaKOAkt, not ovariectomized Akita
mice, showed massive hyperphagia accompanied by reduced gene
expression levels of POMC in hypothalamus despite elevated serum
leptin levels. These results indicate that ERz is essential for upregu-
lation of the POMC gene by the leptin signaling pathway. This path-
way is mediated likely by an estrogen-independent manner.

Materials and methods

Animals. Five-week-old female C57BL/6 and Akita mice were purchased from
SLC Japan (Shizuoka, Japan]. They were housed under a 12 h:12 h light/darkness cy-
cle in a controlled environment (24 £2 *C, 50 £ 10% humidity). ERz"" mice [19]
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were also housed in the same conditions. To obtain ERz-null (ERaKO) and ERa-null
Akita (ERaKOAkt) mice, male double-heterozygous (ERs™ Akt) mice were first gen-
erated and hybridized with female ERx”  mice. The animals had ad libitum access to
rodent standard diet (commercial lab chow. F-2; Nippon Clea, Tokyo, Japan) and tap
water. All animals were handled in accordance with the Animal Welfare Guidelines
of Kyoto University,

Experiments were performed on the following six groups of mice: (1) ERaKOQ,
(2) ERaKOAKE, (3) sham-operated Akita (AFC), (4) OVX Akita (AFO), (5) sham-oper-
ated controls (B6F), and (6) OVX controls (BGFO). Each group was composed of six
animals except AFC, in which five animals were used. OVX mice were bilaterally
OVX under anesthesia (2% avertin, 0.2 ml/ 10 g body welght, ip) (Sigma, Japan).
The sham-operated animals were subjected to the same general surgical procedure
except ovariectomy. Body weight (BW) and blood glucose (BG) were monitored
weekly from 6 weeks of age until the end of the study. All mice were housed indi-
vidually and food intake (F1) was monitored twice a week at 10 o'clock in the
maorming.

At 12 weeks of age, mice were killed by decapitation following overnight fasting
for 16 h. Hypothalamus and adipose tissues were collected. Blood samples were ob-
tained from the orbital sinus and serum was separated by centrifugation. Serum
and tissues samples were stored at -80 °C unril analysis,

Measurement of insulin and leptin. Mouse serum insulin and leptin concentra-
tions were measured by ELISA at Nagahama Life Science Laboratory, Oriental Yeast
Co. Lud. (Shiga, Japan).

Quantitative RT-PCR analysis in the hypothalamus. Total RNA was extracted from
hypothalamus using RNeasy Lipid Tissue Mini Kit (Qiagen, [apan). Aliquots (10 ng)
were amplified using QuantiTect™ SYBR™ Green RT-PCR (Qiagen, Japan). Quantifica-
tion of the amplified products was performed on an the 7300 Real-Time PCR system
purchased from Applied Bbosynems jap.:n. um (Tokyo, Japan). All expression data
were normalized to mouse glye h hosphate dehydrogenase (G3PDH)
expression level from the same indi F le. The follow g p were used
for RT-PCR: GAPDH forward, ATGGTGAAGGTCCGTGTGAA and reverse, GAGT
GGAGTCATACTGGAAC: POMC forward, GGCTTGCAAACTCGACCTCT and reverse,
TCACCCATGACGTACTTCCG.

Data analysis. Data are presented as means £ 50, except for hypathalamic pep-
tides. Since the relative abundance of hypothal POMC ob d by RT-PCR
was distributed skewly, statistical analyses were conducted after logarithmic trans-
formation. These values are presented as geometric means (GMs) and geometric
standard deviations (GSDs). Statistical analyses were done by t-test using STATISTI-
CA™ software {StatSoft”, Japan). A p-value <0.05 was considered to be significant.

Results
Hyperphagia in ERz-null mice

Daily food consumption in ERaKOAkt and ERaKO mice was
monitored from 6 to 12 weeks of age, and compared with their
controls, AFC and B6F mice, respectively (Fig. 1A). The ERaKOAkt
group was hyperphagic relative to AFC for the duration of the
experiment. The levels of hyperphagia in ERaKOAkt female mice
were comparable to those in male Akita mice (Data not shown)
[14]. The average cumulative food consumption in the ERaKOAkt
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and ERaKO groups for both 6-9 and 9-12 weeks was significantly
increased compared with their corresponding controls (Fig. 1B).
These results indicate that ablation of FRx induces both mild
hyperphagia in nondiabetic mice and massive hyperphagia in insu-
lin deficient mice.

Ovariectomy decreased food intake in diabetic and nondiabetic mice

To determine the role of estrogen, a ligand for ERx, in food con-
sumption, Akita (AFO) and C57BL/6 mice (B6FO) were ovariecto-
mized at 6 weeks of age, and food consumption was measured.
In all the groups, changes in food consumption (g/week) at 12
weeks of age, the time at which OVX mice recovered from the
operation, were compared with those at 8 weeks. Ovariectomy de-
creased food consumption in AFO and B6FO mice compared with
the corresponding controls (Fig. 2).

Serum insulin and leptin levels

To examine the effects of ER« or estrogen on serum insulin and
leptin levels, we measured the serum insulin and leptin levels at 12
weeks of age (Fig. 3). In the mice with Akita background (Fig. 3A,
left), ERaKOAKkt, AFC, and AFO mice showed a similar degree
hypoinsulinemia relative to their hyperglycemia at 12 weeks of
age: 589+ 4.61 (mg/dl) for ERaKOAkt, 420 + 39,20 for AFC, and
458 £40.95 for AFO. On the other hand, in nondiabetic mice
(Fig. 3A, right), the ERaKO group showed an increased insulin con-
centration compared with the B6F group. Their blood glucose lev-
els at 12 weeks of age were: 124 £ 13.01 for ERaKO, 97.5 + 16.78 for
B6F. and 102.9 £ 11.60 for B6FO.

With regard to leptin levels, the ERaKOAkt and AFO mice had
significantly higher leptin levels compared with AFC mice
(Fig. 3B, left). There was also a similar but greater elevation of lep-
tin levels in nondiabetic animals (Fig. 3B, right). Consistent with
this finding, the white adipose weight was increased in ERaKO
and B6FO mice (data not shown). Both the ablation of ERx or dele-
tion of estrogen by OVX led to increased leptin levels in Akita and
nondiabetic mice.

Hypathalamic POMC gene expression
We assessed the levels of hypothalamic neuropeptides, which

regulate appetite via leptin signaling. POMC, a major anorexigenic
neuropeptide, was measured by quantitative real-time RT-PCR

&

gor“‘#"jé go-*‘é‘;@*"

9 to 12 weeks

6 to 9 weaks

Fig. 1. Effects of ERx knockout on food intake in Akita and C37BL/6 mice. Food intake (g/day) (A) and cumulative food intake (g/3 weeks] (B} of Akita females [AFC: n = 5),

ERx !

Akira females (ERaKOAKt; n = 6). C57BL/6 females (BEF; n = 6), and ERx-null females {ERaKO; n = 6) were measured from 6 to 12 weeks of age. All values are expressed

as means + 50. Comparisons were made between ERaKOAkr and AFC, and ERaKO and BGF mice. A p < 0,05 was considered to be significant; 'p <0.05, “p <0.01
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B6F

AFC AFO B&6FO

Change In food intake after Ovarlectomy (g/week)
o

Fig. 2. Effect of ovariectomy on weekly food intake in Akita and C57BL/6 mice.

Changes in weekly food Intake at 11-12 weeks of age in ovariectomized Akita

females (AFD; n=6) and C57BL/6 females (B6FO: n = 6), and their respective con-

trols (AFC; n=5 and BGF; n = 6) were measured based on their own food intake at

7-8 weeks of age, Values were compared between AFO and AFC, and B6FO and BEF
mice. Data are expressed as means £ SD. A p < 0.05 was considered to be significant.
p<0.05.

(Fig. 4). In accordance with the elevated serum leptin levels, POMC
mRNA expression was significantly upregulated in ovariectomized
mice, i.e., AFO and BGFO, relative to the corresponding controls (i.e.,
AFC and B6F, respectively) (Fig. 4). In contrast, ablation of ERx
markedly attenuated leptin-mediated upregulation of POMC tran-
scription, as shown in ERaKOAkt or ERaKO mice compared with
AFO or B6FO mice, respectively although all had elevated serum
leptin levels (Fig. 4).

These findings indicate that ERx is essential for transferring lep-
tin signals to the POMC gene. The attenuated response of the POMC
gene in the hypothalamus seems to be associated with hyperpha-
gia in ERaKOAkt and ERaKO mice, although the degree of hyper-
phagia is more prominent in the former than in the latter,
suggesting that insulin can suppress appetite in the latter via path-
ways other than insulin-POMC axis.

Discussion

In the present study, we confirmed thar ablation of the estrogen
signaling pathway either by ovariectomy or deletion of ERxz in-
creased serum leptin levels, as previously reported [16.17]. Inter-
estingly, however, the increased serum leptin levels did not
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Fig. 4. Rel p of POMC peptides in hyp Results are
represented as GM and (GMs = GSDs). Expression of POMC was standardized by
that of GAPDH. Values were compared as they were in Fig 3. A p < 0.05 was cons-
idered to be significant. p <001,

upregulate POMC gene expression in the hypothalamus in ERz-null
mice; ERz ablation was found to attenuate the upregulation of the
POMC gene in response to increased leptin signals, while ablation
of estrogen by OVX maintained the response. Attenuation of the
POMC response to leptin signals was found in both diabetic and
nondiabetic ERa-null mice, irrespective of insulin levels.

Insulin stimulates POMC mRNA expression via the phosphati-
dylinositol 3-kinase (PI3K) to forkhead-O-transcription factor
(Fox01) signaling pathway, while leptin stimulates POMC expres-
sion via the Janus kinases and signal transducer and activators of
transcription (JAK-STAT) pathway [11]. Regulation of POMC gene
expression by FoxO1 and STAT3 is mediated by binding to adjacent
sites in its two promoters [20]. If so, the insulin and leptin signaling
pathways are independent. The present data strongly indicate that
ERa plays a critical role in signal transduction in both pathways,
based on the observation that destruction of ERx attenuated POMC
gene expression in ERaKOAkt which has elevated serum leptin lev-
els and hypoinsulinemia, and ERaKO mice, which has elevated ser-
um leptin levels and hyperinsulinemia. We believe that this is the
first definitive in vivo evidence showing the regulatory role of ERa
in upregulation of POMC gene expression mediated by leptin or
insulin.

ERz is a member of a superfamily of nuclear steroid hormone
receptors, which can regulate the transcriptional activity of target
genes by interacting with different DNA response elements. In
addition to mediating the classic transcriptional effects of estrogen,
ER« can be transcriptionally activated in the absence of estrogen, a
process referred to as ligand-independent activation [21]. Recently,
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Fig. 3. Serum levels of insulin (A} and leptin (B) in diabetic mice (ERaKOAKt, AFC, and AFO) 15 and nondiabetic mice (ERaKO. BGF. and BG6FO). Blood was collected after
overnight fast for 16 h, Values wege compared between AFC and ERaKOAkt or AFO and between B6F and ERaKO or BGFQ mice. Data are expressed as means £ 5D, A p < 0.05

was considered to be significant. p <001,
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Catalano et al. showed that leptin activates the ERa per se through
the mitogen-activated protein kinase (MAPK) pathway in a
ligand-independent manner in vitro |21), They demonstrated that
unliganded ERa is an effector of the MAPK signal and leptin can,
via Janus kinase 2, activate the Ras-dependent MAPK pathway.
Along this line, our study implies that unliganded ERx mediates
POMC upregulation by leptin. To the best of our knowledge, this
is the first in vivo evidence for the role of unliganded ERx in the
regulation of POMC gene expression, although further studies are
needed to elucidate the involvement of ERx.

The extent of hyperphagia, however, was much less predom-
inant in ERaKO than in ERaKOAkt mice, which is comparable
with male Akita diabetic mice, with the latter showing hypoin-
sulinemia and the former showing hyperinsulinemia. Differences
in food consumption between the two ERaKO groups may be ex-
plained by the contribution of insulin. Insulin-dependent down-
regulation of orexigenic signals, such as AgRP, [11], may prevent
massive hyperphagia in ERaKO mice, while they are ineffective
in hypoinsulinemic conditions such as ERaKOAkt mice. If this
is the case, this insulin dependent downregulation is not medi-
ated by ERa. Although the details of the underlying mechanisms
remain unknown, the current difference in consumption of food
between ERaKO and ERaKOAkt mice warrants further analysis in
future studies.

In conclusion, our data demonstrated a novel estrogen-indepen-
dent action of ERx in the regulation of POMC gene expression. This
observation may provide important information about the mecha-
nisms modulating eating behavior, which will broaden the clinical
approach in diabetic patients in future.
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Purrose. The collagen type | alpha | (COLIAT) gene was
recently reported to be associated with high myopia in the
Japanese population. To validate this positive association, the
tag single-nucleotide  polymorphism (1SNP) approach was
used.

Mernons. Eight 1SNPs, including rs2075555 and 32269336
(previously reported to be high myopia-susceptible SNPs in
the Japanese), were selected to tag the linkage disequilibrium
blocks harboring the COLIA L. These ISNPs were genotyped by
using an SNP assay. A total of 427 unrelated Japanese cases
with high myopia (axial length, =26.50 mm in both eyes, the
refraction of the 644 phakic eyes ranged from —5.0 to —36.0
D, with a mean = SD of —13.61 £ 4.20 D) and 420 Japanese
control subjects were recruited. Genotype and allele distribu-
tions were compared between the cases and controls by using
the x* test, with multiple testing corrections performed by the
permutation test,

Resuirs. There was no association noted between high myopia
and 132075555 (P = 0.47, P_ > 0.99) and rs2269336 (P = 0.40,
P_ = 0.99). Meta-analysis of a previous Japanese study and new
data obtained in a fixed-effect model indicated a mild signifi-
cant association of high myopia with rs2075555 (odds ratio
[OR], 1.19; 95% confidence interval [CI), 1.03-1.38, P =
0.022) and rs2269336 (OR, 1.18; 95% Cl, 1.02-1.36, P =
0.026). No significant associations were seen with further
ISNPs tests.

Coxausions. This study did not replicate the previously re-
ported positive association between COLIAZ and high myopia
in the Japanese population, and thus the genetic risk associated
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with this gene, if any, is weaker than originally reporned.
(Invest Opbthalmol Vis Sci. 2009;50:544-550) DOI:10.1167/
iovs. 08-2425

yopia is a common ocular disorder that is found world-

wide. The most important contributor to myopic refrac-
tion is the axial length of the eyeball (i.e., longer eyes are more
myopic),' and when the elongation of the eyeball is exces-
sive, the condition is called high myopia. It is well known that
high myopia is associated with many ocular complications®
and is one of the major causes of blindness in many developed
countries.” ' Thus, the economic and social burden of high
myopia is an imponant public health problem.

Recent population-based studies have estimated the preva-
lence of high myopia in the elderly population to be approxi-
mately 1% to 5%, """ and this prevalence has been increasing
worldwide, especially in the younger East Asian popula-
tion.' " One possible explanation for the increase in high
myopia in developed countries is a change in lifestyle. It has
been reported that environmental factors such as near work
and higher education can contribute to the development of
high myopia. However, genetic factors also have been reported
to be responsible for the development of high myopia™ (for
detailed review, see Refs. 21, 22). For example, several twin
studies have shown that there is a high heritability of refraction
and axial length.**"** There have been many studies in which
investigators have attempted to use a genetic approach to
identify the susceptible locus or genes for high myopia (for
detailed review, see Refs. 22, 29, 30), with several genes now
reported to have an association.*' ~*” However, there are other
studies in which the original findings for these genes were not
replicated 253%.40-48

Many animal studies on myopia have indicated that there is
a local control mechanism of eye growth; hyperopic defocus
produces signals from the retina through the retinal pigment
epithelium and choroid to cause remodeling of the scleral
tissue, and the secondary scleral remodeling results in axial
elongation (for detailed review, see Refs. 21, 22, 49, 50). In
mammals, the scleral tissue contains approximately 90% colla-
gen by weight, predominantly type I'' (Zom M, et al. JOVS
1992;33:ARVO Abstract 1811; Norton TT, et al. IOVS 1995;36:
ARVO Abstract 3517). Several animal studies have reporied
that mRNA expression of type 1 collagen in the sclera is re-
duced during the development of myopia.**** The COLIAT
(collagen type [, alpha 1) gene encodes the pro-al chains of
type 1 collagen. This COLIAT is located on 17¢21.33, where a
myopia susceptibility locus (MYPS, 17q21-22) has been re-
ported.** These pathologic, expression, and genetic studies
indicated that COLIA [ is a good candidate gene for myopia. In
2007, Inamori et al.* reported that the single-nucleotide poly-
morphisms (SNPs) rs2075555 and rs2269336 in COLIA] are
significantly associated with high myopia in the Japanese pop-
ulation. However, Liang et al.** reported that the polymor-
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phisms of COLIAI are not significantly associated with high
myopia in the Taiwanese population.

In the present study, we conducted a systematic case-
control study to validate the association between the polymor-
phisms of the COLIALT gene (including previously reported
susceptible SNPs) and high myopia in the Japanese population.

METHODS

All investigations in this study adhered to the tenets of the Declaration
of Helsinki. The Institutional Review Board and the Ethics Committee
of the each institute approved the protocols of this study. All the
paticnts were fully informed of the purpose and procedures of this
study, and written consent was received from each patient.

Study Population

A total of 427 unrelated Japancse patients with high myopia (mean
age = SD, 57.6 = 14.1 years, men/women, 31.4% vs, 68.6%) were
recruited from the Center for Macular Discases of Kyoto University
Hospital, Fukushima Medical University Hospital, and the high myopia
clinic of Tokyo Medical and Dental University Hospital. All underwent
comprehensive ophthal € inati including dilated indirect
and contact lens slit lamp biomicroscopy, automatic objective refrac-
tion evaluation, and measurement of the axial length by applanation
A-scan ultrasound (UD-6000; Tomey, Nagoya, Japan) or partial coher-
ence interferometry (10LMaster; Carl Zeiss Meditee, Dublin, CA). To be
enrolled in the study, the patients with high myopia were required to
have an axial length of =26.50 mm in both eyes. The axial lengths of
the 854 eyes ranged from 26.50 to 36.32 mm (mean = SD, 29.18 =
1.68). Among the 854 eyes enrolled, 644 (75.4%) were phakic, 185
(21.7%) were pseudophakic, and 25 (2.9%) were aphakic. The mean
refraction of the 644 phakic eyes ranged from —5.00 o —36.00 D
(mean = SD, —13.61 = 4.20). To check the results in another axial
length-based definition of high myopia, a subsct with longer axial
lengths was also defined. The inclusion criterion for this subset was
axial length = 28.00 mm in both eyes. A total of 278 patients were
enrolled in this subset. The axial length of the 556 eyes in this subset
wis 29.95 + 1.43 mm. There were 394 phakic eyes in this subset, with
the refraction ranging from —7.25 to =36.00 D (=15.03 = 4.14). If
subjects had preexisting ocular diseases or a history of ocular surgery,
with the exception of cataract surgery, they were excluded from the
study

As a population-based control, DNA samples from 420 subjects (mean
age = SD, 443 * 121 years; men/women, 46.2% vs. 53 8%) were
randomly selected from the Pharma SNP Consortium. The cohort had
been recruited for previous genomic studies and was reganded as being
representative of the general Japanese population.®® All participants were
Japanese and none of the subjects had any history of ocular discases.

SNP Selection and Genotyping

To replicate the positive association of the SNPs with high myopia that
has been reported in a previous Japanese study, we genotyped
rs2075555 from intron 11 of the COLIAT, and rs2269336 from the 5
upstream region of the COLIAL. The associated functions for these
two SNPs have yet to be elucidated. To systematically examine the
possible association between the polymorphisms of the COLIAYL gene
and the high myopic cases, we used the tag SNP (15NP) approach. The
public dbSNP database build 126 and the HapMap database phase 2
release 22 were used to extract the relevant sequencing information
for the COLIAL gene and the genotyping information for the SNPs.
Haplotypes and linkage disequilibrium (LD) blocks were inferred by a
solid spine of LD with a minimum D' of 0.8, according to Haploview
version 4.0.% We selected eight 1SNPs 1o tag the LD blocks harbored
within and surrounding the COLIAT gene (Fig. 1A). Tagging of the LD
blocks was based on the software Tagger (hip://www broad. mit.edu/
mpg/tagger/ provided in the public domain by the Broad Institute,
Massachusetts of Technology, Cambridge, MA), which used a mini-
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mum #* of 0.8 and a minimum minor allele frequency (MAF) of 20% in
the Japanese population of the HapMap datasct. It has been reported in
a Japanese study that two SNPs (rs2075555 and rs2269336) are high
myopia-susceptible polymorphisms,*® These SNPs were both included
within the eight 1SNPs, Genomic DNA was extracted from the leuko-
cytes of the peripheral blood and purified (QuickGene-810; Fujifilm,
Tokyo, Japan). All the 1SNPs were genotyped with an SNP assay
(Tagman; Applied Biosystems, Foster City, CA), according to the man-
ufacturer’s instruction,

Statistics

The statistical power calculation was performed using the module
case-control for discrete traits of the Genetic Power Calculator
(hitp://pngu.mgh harvard edu/~ purcell/gpe/ provided in the public
domain by the Psychiatric and Neurodevelopmental Genetics Unit,
Massachusetts General Hospital, Harvard Medical School, Boston,
MA).*" For the calculation, the type 1 error rate was set at 0.05 and the
prevalence of high myopia in the general population was set at 1%, The
HWE for the genotype distributions was examined by using the y”* test
in each group. Differences in the observed genotype and allelic fre-
quencies between the cases with high myopia and the control subjects
were also examined by the x* test. For the current experiment, we
combined our results for the single SNP analysis of rs2075555 and
rs2269336 with the results of a previous Japanese study,* in which the
MantelHaenszel method based on the fixed-effect model was used 10
clucidate their predisposing effects on high myopia in a larger Japanese
population. We performed the metaanalysis using the R software
package Meta (hup://cran.r-project.org/web/packages/rmeta/index.
himly/ provided in the public domain by The Comprehensive R Archive
Network, hosted by the Department of Statistics and Mathematics,
University of Vienna, Austria).

Differences in the estimated haplotype frequencies between the
cases and the controls were also examined by the y* test. These SNP
and haplotype analyses were performed with Haploview ver. 4.0, The
multiple testing correction for P (P.) was performed by the permuta-
tion test (number of iterations, 10,000), also in Haploview, ver, 4.0,
The level of statistical significance was sct at P < 0.05 and P, < 0.05

ResuLts

The distribution of the genotypes for the eight tSNPs among
the cases with high myopia and the control subjects were all in
HWE (P > 0.05). The results of the genotyping for rs2075555
and rs2269336 in the cases with high myopia and the control
subjects are shown in Table 1. In this study, there were no
significant differences noted for the genotype and allelic fre-
quencies for these two SNPs in the COLIAT gene between the
patient and the control cases. The results of the meta-analysis
for rs2075555 and rs2269336 are shown in Table 2. The Man-
tel-Haenszel method showed the summary odds ratio (OR) o
be 1.19 (95% confidence interval [CI], 1.03-1.38; P = 0.022)
for rs2075555 and 1.18 (95% CI, 1.02-1.36; P = 0.026) for
rs2269336, respectively. When we performed the subset anal-
ysis on the 278 cases with the longer axial lengths (=28.00 mm
in the both eyes), no new significant differences were found
for rs2075555 and rs2269336 in our own study (data not
shown). The summary OR for the meta-analysis using the
subser was 1.27 (95% CI, 1.08-1.48, P = 0.0035) for
rs2075555 and 1.25 (95% Cl, 1.07-1.46; P = 0.0051) for
1522693306, respectively.

We also performed a systematic tSNP approach to assess the
possible association berween the COLIAT and high myopia in
Japanese. The distributions of the allelic frequencies for all the
cight tSNPs are given in Table 3. None of the eight tSNPs
showed significant differences between the cases with high
myopia and the control subjects with regard to the distribution
of the genotype and allelic frequency. We also performed a
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Tamk 1. Frequencies of Genotypes and Alleles of rs2075555 and rs2269336 in the Current Study

Genotype Allele
SNP ID* Case (%)  Control (%) Pt OR (95% CI) Case (%)  Control (%) Pt OR (95% CI)

rs2075555 CC 167 (39.2) 158 (37.7) 0736 117(0.79-1.75) € 328(62.0) 505 (60.3) 0.471 1.07 (0.88-1.31)
CA 194 (45.5) 189 (45.1) L14 (0.77-1.68) A 324 (38.0) 333 (39.7)
AA 65(15.3) T2(17.2) 1.00 (ref.)

2269336 CC 141 (33.8) 125 (29.9) 0444  L14(0D7B-1.6T) € 469(56.2) 453 (54.2) 0400 109 (0.90-1.32)
CG 187 (44.8) 203 (48.6) 0.93(0.65-1.33) G 365(43.8) 383 (45.8)
GG 89(21.3) 90 (21.5) 1.00 (ref)

The nucl were defined on the forward strand of the reference sequence by dbSNP Build 126.

* SNF ID in National Center for Biotechnology Information (NCHI; Bethesda, MD) dbSNP Build 126.

1 The nominal probabilities were calculated by the x° test.

subset analysis on cases with axial lengths = 28.00 mm. How-
ever, no new significant differences were found for the sub-
jects in our study (data not shown).

We identified three haplotype blocks in the COLIAL gene
(Fig. 1B). The estimated haplotype frequencies in the cases
with high myopia and the control subjects are shown in Table
4. The haplotype frequencies were not significantly different
between the patients with high myopia and the control sub-
jects after the multiple testing corrections. Before correction,
only one haplotype in block 1 showed a trend for a mildly
significant difference in distribution (P = 0.014, P, = 0.14).
However, a haplotype analysis using the subset with axial
lengths = 28.00 mm did not show significant results for any of
the blocks, even before correction (data not shown).

In addition, to check the results of our analyses using the
same inclusion criteria that were used in a previous Japanese
study,* we performed another subset analysis on 261 binoc-
ular phakic cases with refractions < —9.25 D (mean refrac-
tion * SD, = 14.46 * 3.94 D; mean axial length *+ SD, 29.17 +
1.60 mm). The allelic frequency distributions for all the eight
tSNPs in the subset analysis are given in Table 5. No new
significant differences were noted for the genotype and allelic
frequencies for rs2075555 and rs2269336. A haplotype in
block 1 (the same haplotype described above) showed a trend
for a mildly significant different distribution (P = 0.034, P_ =
0.33). However, there were no tSNPs or haplotypes that
showed any significant differences after the multiple testing
corrections,

DiscuUsSION

The results in this study did not show significant associations
with high myopia of the two SNPs of the COLIAI gene

(rs2075555 and rs2269336, which have been reported 10 be
high-myopia-susceptible SNPs in the Japanese population®®),
A systematic examination using the tSNP approach to access
the possible association between the COLIAT gene and Japa-
nese high myopia also did not find any significant results. The
power calculation results that were based on the multiplicative
model showed that our own observations rejected the re-
ported ORs of rs2075555 (OR, 1.36) and rs2269336 (OR, 1.31)
from the previous Japanese study with 85.9% and 78.7%
power, respectively.

In our study, we defined high myopia by axial length instead
of refraction. On the other hand, in the previous Japanese
study that was included in our current analyses, they defined
high myopia as refraction < =9.25 D Thus, one possible
explanation for the discrepancy that was observed between
the previous Japanese study and our own observations might
be related to the difference in the way that high myopia was
defined. To further examine this possibility, we performed
a subset analysis on binocular phakic cases that had refraction
< =9.25 D in both eyes, and we found no further significant
differences in the present study. High myopia is most com-
monly defined by refraction. However, corneal curvature and
the intraocular lens may also affect the refraction. Among these
multiple factors, the axial length is the most important contrib-
utor to myopic refraction.' ™ Hence, we suggest that the axial
length is a more appropriate parameter than refraction when
assessing the association between the COLIAT gene and high
myopia. However, our study could not show any significant
result whether the axial length or the refraction was chosen as
the parameter. We cannot conclude which of the two, axial
length or refraction, is the more appropriate parameter to
assess the association between the COLIAT gene and high
myopia.

Tasre 2. Meta-analysis® of the COLIAL rs2075555 and rs2269336 in Japanese Subjects with High Myopia

Case Control
Subject Risk Allelet Subjects Risk Alleled
SNP 1D} Source Number n (%) (m) n (%) OR (95% CI) Py
rs2075555 Current study 426 528 (62.0) 419 505 (60,3) 1.07 (0.88-1.31) 0.47
Inamori et al ™ 328 422(64.3) 326 372(57.1) 1.36 (1.09-1.70) 0.0071
Total 754 745 1.19(1.03-1.38) 0.022
rs2269336 Current study 417 469 (56.2) 418 453 (54.2) 1.09 (0.90-1.32) 040
Inamori et al.™ 329 397 (60.3) 330 354 (53.6) 1.31 (1.06-1.64) 0.014
Total 746 748 118 (1.02-1.36) 0.026

* This meta-analysis was performed using the Mantel-Haenszel method based on the fixed-effect model,

t SNP ID in NCBI dbSNFP Build 126,

4 Risk alleles of m2075555 (A/C) and 2269336 (C/G) are allele € and allele C, respectively. The nucleotides were defined on the forwand
strand of the reference sequence by the dbSNP Build 126. We confirmed through personal communication that the nucleotides for rs2269336 (C/G)
in a previous study by Inamori et al.** were defined on the reverse strand of the reference sequence by dbSNP,

§ The nominal probabilities were calculated by the y* test.
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Tams 3. Association of Eight Tagged SNPs of the COLIAT with High Myopia in the Current Study

Case-Control P§

SNP 1ID* Positionf  Ref$  Vari Allele Counts Allele Frequencies OR (95% CD Nominal  Corrected
rs2696296 45601230 G A 427:421, 395:445 0.504, 0.470 1.14 (0.94-1.38) 0.171 0.886
1061237 45617774 H C 469:377, 477:339 0,554, 0.585 0.88 (0.73-1.07) 0.214 0.933
2696247 45624902 A G 589:257, 567271 0,696, 0.677 1.10 (0.89-1.35) 0.386 0.997
2586494 45628154 A C 407441, 425:409 0.480, 0.510 0.89 (0.73-1.08) 0.224 0.940
2141279 45628463 T C 270:574, 268:568 0.320, 0321 1.00 (0.81-1.22) 0.977 1.000
rs2075555 45629290 A L 324:528, 333:505 0.380, 0.397 0.93 (0.77-1.13) 0.471 1.000
rs2269336 45635355 C G 469:365, 453.383 0.562, 0.542 1.09 (0.90-1.32) 0.400 0.998
rs2246839 45643395 C L} 321:527, 321:511 0.379, 0.386 0.97 (0.80-1.18) 0.759 1.000

Axial length = 26.5 mm in both cyes.
* SNP ID in NCBI dbSNF Build 126,

t Position of the polymorphism in the reference sequence NT_010783.14,
# Ref and Var were the reference and variant nucleotides, respectively, that were defined on the forward strand of the reference sequence by

dhSNP,

§ The nominal probabilities were calculated by the 3* test, and the multiple testing corrections were performed by the permutation test

(number of iterations = 10,000}

Another difference between the previous study and our
own observations is that we used a population-based con-
trol. The prevalence of high myopia in the general popula-
tion has been estimated to be approximately 1% to 5% in
elderly adults.*'' ' Even if the control subjects in our study
had no history of ocular diseases, the possibility exists that
some of the eyes might have had an axial length = 26.50 mm
without the presence of vision threatening complications. If
this were the case, this would be a possible explanation for
the negative results that we found for our case-control
association study. To check the results for a different axial-
length-based definition, we also performed a subset analysis
on cases with longer axial lengths (=28.00 mm in both of
the eyes). However, no new significant differences were
found in the present study. Further subset analyses by rede-
fining the cutoff value of axial length (27.00, 27.50, 28,50,
and 29.00 mm) did not show any significant results (data not
shown). Thus, we can conclude that the results of the
present study did not replicate the previously reported Jap-
anese study, which found significant associations for
rs2075555 and rs2269336 with high myopia.

The results of our meta-analysis suggested that there were
mildly significant associations between these two SNPs and
high myopia in the Japanese population. However, it should be
noted that we combined the data of our own study with the
data of a previous Japanese study, a study that was the first to
report positive results,* There was a potential for publication
bias in the first positive study, and indeed, the reported ORs in
the first positive studies were higher than most of the results
that have been reported for subsequent replication studies.*®
Therefore, actual ORs of these SNPs are estimated at up to the
ORs that are suggested by the results of the meta-analysis in this
study. We concluded that the genetic risk in the COLIAT gene,
if any, is weaker than has been originally reported.

In conclusion, the present study failed to replicate the
positive association berween the polymorphisms of the
COLIAT gene and high myopia that has been reported in a
prior study involving Japanese subjects. To elucidate whether
the COLIAI gene in the MYPS locus is associated with high
myopia in the Japanese population, additional genetic and
molecular biological studies are needed.

Tanie 4. Association of Haplotypes across the COLIA T Region with High Myopia in the Current Study

Case-Control Pt
Haplotype* Frequency Ratio Counts Frequencies OR (95% CI) Nominal Corrected

Hlock 1

ATA 0,489 403.5:450.5, 424.3:415.7 0.472, 0.505 0.88 (0.73-1.06) 0.179 0.889

GCG 0,293 243.0:611.0, 253.0:587.0 0.285, 0.301 0.92 (0.75-1.14) 0.452 0.998

GCA 0.132 130.0:724.0, 93.7:746.3 0,152, 0,112 1.43 (1.08-1.90) 0.014 0.142

GTA 0.062 57.3:796.7, 48.3:791.7 0.067, 0.057 1.18(0.79-1.75) 0411 0.997

ATG 0.017 11.8:842.2, 17.3:822.7 0.014, 0.021 0.67 (0.32-1.41) 0.288 0.980
Block 2

AC 0.488 405.60:448.4, 420.6:419.4 0.475, 0.501 0.90 (0.75-1.09) 0.289 0.980

cr 0.315 269.6:584 .4, 263.3:576.7 0.316, 0.313 1.01 (0.82-1.24) 0.922 1.000

cC 0.192 175.9:678.1, 150.2:689.8 0,206, 0.179 1.19(0.94-1.52) 0.156 0842
Block 3

cC 0.545 474.3:379.7, 448.3:3901.7 0.555, 0.534 1.09 (0.90-1.32) 0.369 0993

AG 0.381 319.3:534.7, 326.4:513.6 0.374, 0.389 0.94 (0.77-1.14) 0.533 0.999

CG 0.067 54.8:799.2, 57.9:782.1 0.064, 0.069 0.93 (0.63-1.36) 0.699 1.000

Axial length = 26.5 mm in both cyes. The nucleotides were defined on the forward strand of the reference sequence by dbSNP Build 126.
* Haplotypes and linkage disequilibrium (LD) blocks were inferred by a solid spine of LD with a minimum D’ of 0.8. The LD structure for the
Japanese samples in the current study is shown in Figure 1(B).
+ The nominal probabilities were calculated by the x* test, with the multiple testing corrections performed by the permutation test (no. of

iterations = 10,000).

= 33T =



TOVS, February 2009, Vol. 50, No. 2

COLIAI Polymorphism and High Myopia in the Japanese

549

Tame 5. Association of Eight Tagged SNPs of COLIAT with a Subset of High Myopia in the Current Study

Case—Control Py
SNP ID* Positiont Reff Vart Allele Frequencies Allele Counts OR (95% CI) Nominal Corrected
2696296 45601230 G A 266:250, 395:445 0516, 0470 1.20 (0.96-1.49) 0.105 0.743
1061237 45617774 T (% 277:239, 477:339 0.537, 0.585 0.82 (0.66-1.03) 0.087 0.640
152696247 45624902 A G 348:168, 567:271 0.674, 0.677 0,99 (0.78-1.25) 0933 1,000
2586494 45628154 A C 259:259, 425:409 0.500, 0.510 0.96 (0.77-1.20) 0.732 1.000
2141279 AS628463 T € 158:358, 268:568 0,306, 0,321 0.94 (0.74-1.19) 0.581 1.000
2075555 45629290 A C 197:323, 333:505 0.379, 0.397 0.92 (0.74-1.16) 0.496 1.000
2269336 45635355 C G 290:218, 453:383 0.576, 0.542 1.15 (0.92-1.43) 0222 0.956
2246839 45643395 C i v 197:323, 321:511 0.379, 0.386 0.97 (0.77-1.22) 0.798 1.000

Eyes were binocular phakic and had refraction < —9.25 D,
* SNP ID in NCBI dbSNP Build 126.

1 Position of the polymorphism in the reference sequence NT_010783.14.

# Ref and Var are, respectively, reference and vardant nucleotides defined on the forward strand of the reference sequence by dbSNP,

§ The nominal probabilities were calculated by the y* test, and the multiple testing corrections were performed by the permutation test
(number of iterations = 10,000},
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