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Background: The available information about hepatic drug-metabolizing enzymes in the large-for-ges-
tational-age (LGA) neonate is limited. Objective: To determine whether LGA status alters expression
of the cytochrome p450 enzymes, CYP3A23/1 and CYP3A2, and nuclear receptors PXR, CAR and
HNF4a. Methods: Appropriate-for-gestational-age (AGA) and LGA pups from 10 litters of rats (n ¼ 15
pups/group) were used. Hepatic expression levels of CYP3A23/1, CYP3A2, pregnane X receptor
(PXR), constitutive androstane receptor (CAR), and HNF4a mRNA were detected by quantitative real-
time RT-PCR. Protein expression was determined immunohistochemically and expression levels were
evaluated using staining intensity scores and percentage of positive hepatocytes. Results: The mean
body weights of AGA and LGA rat pups were 6.20 � 0.49 and 7.77 � 0.70 g (mean � SD), respec-
tively (P < 0.001). Liver weight/body weight ratios trended higher in the LGA group (5.18 � 0.50%,
mean � SD) than in the AGA group (4.90 � 0.01%, mean � SD), but the difference was not signifi-
cant. CYP3A2 mRNA levels were higher in LGA than in AGA pups (P < 0.05), but there were no
group differences in CYP3A23/1 mRNA levels. HNF4a levels were also higher in the LGA group
(P < 0.05), but PXR and CAR mRNA levels did not differ between the groups. The staining intensity
and frequency of CYP3A23/1-positive and HNF4a-positive hepatocytes differed between LGA and
AGA pups, whereas no significant differences in CYP3A2 or CAR protein expression were observed
between groups. Conclusions: LGA status affects the hepatic expression of CYP3A23/1, CYP3A2,
and HNF4a, suggesting that further research on this issue is warranted.

1. Introduction

Large-for-gestational-age (LGA) infants, which account
for approximately 1%–10% of all deliveries, are those
newborns whose weight exceeds the 90th percentile for
their gestational age, whether delivered preterm, term or
post-term. Appropriate-for-gestational-age (AGA) infants
are those with birth weights between the 10th and 89th

percentile (Wang et al. 1994). LGA infants show a propen-
sity for decreased insulin sensitivity at birth and are at
elevated risk for developing obesity, cardiovascular disease
and diabetes later in life (Ahlsson et al. 2007). It has also
been shown that as children, LGA infants born of mothers
without confirmed impaired glucose tolerance during preg-
nancy show higher insulin concentrations than children
who were AGA at birth (Evagelidou et al. 2006). Insulin
is an important regulator of inducible and liver-specific
gene expression (Sidhu and Omiecinski 1999). Collec-
tively, these observations suggest that the expression and/
or regulation of a subset of drug-metabolizing enzymes

might be altered in LGA infants, and could lead to clini-
cally relevant drug-drug interactions. However, the avail-
able information on hepatic cytochrome P-450 CYP3A en-
zymes and their related nuclear receptors in LGA infants
is very limited.
The CYP3A subfamily is the most abundant and clinically
important of the CYP enzymes in the liver. The CYP3A
enzymes are responsible for the maintenance of steroid
homeostasis as well as the metabolism of approximately
50% of the most commonly used drugs (Johnson 2003; Yu
et al. 2005; Pikuleva 2006). Among the major functional
CYP3A isoforms, CYP3A4 is the predominant form in hu-
mans, and is the primary enzyme involved in catalyzing the
metabolism and clearance of a large proportion of clinical
medications, including many pediatric drugs. It has been
suggested that alterations in the expression or activity of
these CYP3A isoforms is a key predictor of drug respon-
siveness and toxicity (Thummel and Wilkinson 1998).
Studies indicate that the ligand-activated nuclear receptors,
pregnane X receptor (PXR; NR1I2) and constitutive an-
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drostane receptor (CAR; NR1I3), regulate the expression
of genes such as CYP3A4, orphan nuclear receptor, he-
patocyte nuclear factor-4alpha (HNF4a; HNF4A), and
that this genetic regulation is critically involved in PXR-
and CAR-mediated transcriptional activation of CYP3A4
(Tirona et al. 2003). Given these regulatory relationships,
PXR, CAR and HNF4a can be expected to be important
factors in the interacting network of CYP3A4-mediated
drug metabolism with potentially significant impacts on
clinical responses to drugs. To the best of our knowl-
edge, however, there have been no reports on the expres-
sion of these nuclear receptors and their relation to
CYP3A expression in LGA newborns either in human or
rodents.
CYP3A23/1 and CYP3A2 are rat main CYP3A. (Cooper
et al. 1993; Mahnke et al. 1997), and rodents are often
used as a model for human drug/toxicology studies,
whereas no references offer effective method of establish-
ing LGA model as to our knowledge. Therefore, we have
opted instead to obtain high-birth-weight pups from preg-
nant rats fed an ordinary diet, which can represent a por-
tion of the LGA maternal nutritional status. The present
study employed this high-birth-weight model to determine
the expression of CYP3A23/1, CYP3A2, PXR, CAR and
HNF4a in LGA and AGA neonatal rats using real-time
reverse-transcription polymerase chain reaction (RT-PCR)
and immunohistochemistry. The goal of this work was to
improve our understanding of changes in CYP3As and
nuclear receptors in the LGA condition.

2. Investigations and results

2.1. Body and liver weight of LGA and AGA neonatal
rats

Body weights of AGA and LGA pups were 6.20 � 0.49
and 7.77 � 0.70 g (mean � SD), respectively (P < 0.001)
and the corresponding liver weights were 0.31 � 0.06 and
0.40 � 0.04 g (mean � SD) (P < 0.001). Body and liver
weights were weakly correlated in the LGA group
(r ¼ 0.465, P ¼ 0.05), and strongly correlated in the AGA
group (r ¼ 0.750, P ¼ 0.001). Liver weight was slightly
higher as a percentage of body weight in the LGA group
(5.18 � 0.50%, mean � SD) than in the AGA group
(4.90 � 0.01%, mean � SD); however, this apparent dif-
ference did not reach statistical significance.

2.2. mRNA expression of CYP3A23/1, CYP3A2 isoforms
and nuclear receptors

CYP3A23/1, CYP3A2, PXR, CAR and HNF4a mRNA
expression was detected in all samples examined
(Fig. 1). There were no significant differences in the level
of CYP3A23/1, mRNA expression (calculated as
2CT[GAPDH] –– CT[target]) between LGA and AGA pups, but
CYP3A2 mRNA levels were higher in LGA pups than in
AGA pups (P < 0.05). HNF4a mRNA levels were also
higher in LGA pups than in AGA pups (P < 0.05), while
PXR and CAR expression levels were not significantly
lower.
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a) b)

c) d)

e)
Fig. 1:
Relative levels of CYP3A23/1, CYP3A2,
PXR, CAR and HNF4a mRNA expression in
AGA and LGA groups (n ¼ 15 pups/group) as
assessed by real-time RT-PCR. Values were
normalized against GAPDH. Data are pre-
sented as box-and-whisker plots: boxes repre-
sents the 25th and 75th percentiles and the
heavy bar represents the median. Whiskers de-
lineate the 10th and 90th percentile levels.
* denotes each data point that is more than
1.5 times the interquartile range; ^ denotes
outliers that are more than 3 times the inter-
quartile range; * represents a significant differ-
ence compared to the AGA group (P < 0.05)



2.3. Correlations between mRNA expression of
CYP3A23/1, CYP3A2 and their receptors

The level of CYP3A1 message correlated strongly with
that of CYP3A2 in both the LGA (r ¼ 0.839, P < 0.001)
and AGA (r ¼ 0.718, P < 0.001) groups. There was a po-
sitive correlation between the levels of CYP3A2 and
HNF4a mRNA (r ¼ 0.562, P ¼ 0.029) in the AGA group.
A statistically significant correlation was also observed be-
tween PXR and CAR expression in the AGA group
(r ¼ 0.869, P < 0.000), and between PXR and HNF4a in
the LGA group (r ¼ 0.799, P < 0.000). However, we did
not observe positive correlation between other pairs in
both groups.

2.4. Protein levels of CYP3A23/1, CYP3A2 and nuclear
receptors

The protein expression scores of CYP3A23/1, CYP3A2,
CAR and HNF4a in the liver of LGA and AGA pups are
summarized in Table 1. All proteins examined showed a
widely dispersed staining pattern in the hepatic lobule
with no evidence for zonally restricted expression (Fig. 2).
CYP3A23/1, CYP3A2 and CAR immunolabeling were
evident in the cytoplasm of hepatocytes from both groups.
There was positive staining for HNF4a protein in the nu-

cleus and cytoplasm of some hepatocytes in LGA pups,
while little HNF4a immunoreactivity was seen in the
AGA group tissue. PXR protein staining was largely ab-
sent in both LGA and AGA groups. The staining intensity
and frequency of CYP3A23/1-positive and HNF4a-posi-
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Table 1: CYP3A23/1, CYP3A2, CAR and HNF4a protein ex-
pression in neonatal AGA and LGA rat hepatic sec-
tions by immunohistochemistry

Protein Group No. Score1 c2 P value

– þ þþ þþþ

CYP3A23/1 AGA 9 0 3 6 0 7.86 0.005*

LGA 9 0 0 4 5
CYP3A2 AGA 9 0 1 4 4 1.14 0.291

LGA 9 0 0 3 6
CAR AGA 9 0 0 5 4 0.21 0.647

LGA 9 0 0 4 5
HNF4a AGA 9 9 0 0 0 4.8 0.028*

LGA 9 5 1 3 0

1 Protein expression score corresponds to the sum of both staining intensity (0, nega-
tive; 1, weak; 2, intermediate; 3, strong) and percentage of positive hepatocytes (0, 0%
positive; 1, < 25% positive; 2, � 25 and � 50% positive; 3, > 50% positive). Sums
were classified as “–” (0), “þ” (1–2), “þþ” (3–4) and “þþþ” (5–6); a score greater
than 2 was regarded as positive (see Material and Methods). * represents a significant
difference compared to the AGA group

Fig. 2:
Photomicrographs of hepatic sections from rat
pups in LGA and AGA groups immunostained
for CYP3A23/1, CYP3A2, PXR, CAR and
HNF4a. CYP3A23/1 (top row: a–c), CYP3A2
(d–f), PXR (g–i), CAR (j–l) and HNF4a
(bottom row: m–o) in the LGA group (left col-
umn), AGA group (middle column) and in a
21-day-old male rat (positive control; right col-
umn). Protein staining is brown; hematoxylin
counterstain is blue; original image 200�mag-
nification



tive hepatocytes were greater in LGA pups than in AGA
pups (P < 0.05), while no significant group differences in
CYP3A2 and CAR expression levels were observed.

3. Discussion

Our study suggested that LGA status had significant ef-
fects on hepatic mRNA expression of CYP3A2 and
HNF4a, and protein expression of CYP3A23/1 and
HNF4a. Since CYP3A and HNF4a are critically involved
in drug metabolism, these results may have clinical impli-
cations for optimal medication in LGA children. However,
a specific LGA model is difficult to establish. To our
knowledge, existing references do not offer an effective
method of establishing LGA model. De Assis et al. (2006)
reported that a high-fat diet during the extent of gestation
could increase the birth weight of Sprague Dawley rats,
(about 6.1 g vs. 7.1 g in control and high-fat diet groups).
However, our prior efforts to develop such models using
high-fat diets for pregnant rats were unsuccessful. Other
studies also indicated that maternal high fat feeding and
maternal obesity had no effect on the birth weight of their
offspring (Buckley et al. 2005; Shankar et al. 2008). Further-
more, mothers of LGA infants are not always obese wo-
men. As result, we have opted instead to obtain high-
birth-weight pups from pregnant rats fed an ordinary diet.
The birth weight classification and birth weight of LGA
neonates in our study was comparable with the reference
(Gelardi et al. 1990; Wang et al. 1994; Merzouk et al.
2000; de Assis et al. 2006). For example, Merzouk et al.
(2000) reported that rat pups whose birth weights above
the 90th percentile greater were 6.8 g. Accordingly, LGA
neonate rats obtained in our model can represent a portion
of the LGA maternal nutritional status.
In our high-birth-weight model, the weight of LGA pups
was significantly higher than that of AGA pups. Although
our study revealed a tendency toward a higher liver/body
weight ratio in LGA pups than in AGA pups, these differ-
ences did not reach statistical significance. Because the
liver is the major organ for drug biotransformation and
elimination, any relative decrease in its size could have
functional implications for the metabolism and elimination
of drugs in newborns (Frattarelli et al. 2005; Allegaert
et al. 2007). Furthermore, the relative low correlation be-
tween LGA hepatic and body weight also implied that the
developmental pattern of liver weight in LGA neonates
could be different from that of AGA pups. Additional
studies using larger numbers of animals will be needed to
confirm whether this trend has physiological signifi-
cance.
Although CYP3A23/1 mRNA expression did not differ be-
tween the LGA and AGA pups, we did find that the staining
intensity and frequency of CYP3A23/1-positive hepatocytes
were higher in LGA pups than in AGA pups (P < 0.05). On
the contrary, we found that CYP3A2 mRNA levels were
higher in LGA pups than in AGA pups (P < 0.05). Mean-
while, staining intensity and frequency of CYP3A2-posi-
tive hepatocytes did not differ between LGA and AGA
groups. These discrepancies imply that CYP3A23/1 and
CYP3A2 are under different transcriptional and/or post-
transcriptional regulation in the LGA condition. Consistent
with this, CYP3A23/1 and CYP3A2 are known to be dif-
ferentially regulated during development (Mahnke et al.
1997) and the CYP3A2 promoter binds a different set of
transcription factors than does that of CYP3A23/1 (Huss
et al. 1999). In addition, although rat CYP3A23/1 and
CYP3A2 share 89% amino acid sequence similarity, three

of five of their C-terminal residues are different, suggest-
ing possible differences in post-translational modifications.
Moreover, the close relationship between CYP3A23/1 and
CYP3A2 mRNA suggests that there may be an interaction
among isoforms that could also contribute to the discre-
pancy between mRNA and protein expression of
CYP3A23/1 and CYP3A2.
The absence of PXR staining in both LGA and AGA tis-
sues cannot be attributed to technical problems since stain-
ing was clearly evident in a positive control 21-day-old
male rat. However, the possibility that the sensitivity of
the antibody is limited cannot be ruled out. Although
CAR and PXR share some common ligands and regulate
overlapping sets of target genes (Roth et al. 2008), their
modes of activation are distinct. PXR is located in the
nucleus, has low basal activity and is highly activated
upon ligand binding. In contrast, non-induced CAR re-
sides in the cytoplasm. Activated CAR translocates to the
nucleus to activate its target genes and CAR localization
and activity are regulated by various protein phosphoryla-
tion events (Moreau et al. 2008). In our studies, CAR was
investigated in its basal state and, accordingly, was ob-
served primarily in the cytoplasm of hepatocytes.
Hepatic expression of HNF4a at the mRNA and protein
levels was significantly higher in LGA than in AGA ne-
onatal rats. HNF4a is critical for regulating glucose trans-
port and glycolysis and is crucial for maintaining glucose
homeostasis (Stoffel and Duncan 1997). It is a key tran-
scription factor regulating responses to xenobiotics
through activation of the PXR gene during fetal liver de-
velopment and it is essential for morphological and func-
tional differentiation of hepatocytes (Kamiya et al. 2003;
Parviz et al. 2003). Our study revealed that PXR mRNA
expression was strongly associated with HNF4a expres-
sion. These findings indicate that elevated HNF4a expres-
sion could alter PXR-mediated drug metabolism. The ele-
vated expression of HNF4a in LGA pups could be a
response to maternal nutrition status.
Our study did not reveal statistically significant correla-
tions between CYP3A23/1, CYP3A2 and HNF4a, PXR
and CAR mRNA levels in the LGA group. This suggests
that the altered expression of CYP3A23/1 and CYP3A2
was probably due to other signaling pathways and may
involved combined effects of HNF4a, PXR, and CAR in
LGA rat pups.
Insulin concentrations may be higher in LGA than in
AGA conditions (Evagelidou et al. 2006). Previous studies
indicate that hepatic CYP3A levels are increased in ex-
perimentally generated diabetic rats and reduced to normal
levels by insulin treatment (Yamazoe et al. 1989). A dose-
dependent decrease in the relative abundance of hepatic
CYP3A mRNA with increasing dosage of insulin has been
reported in the cow (Lemley et al. 2008). However, in the
present study, we did not observe suppression of CYP3A
expression in LGA pups. Hence there may be another sig-
naling pathway or a different modulation system in LGA
pups.
The prevalence of LGA infants has increased over the last
ten years, along with the increase in overweight adoles-
cents (Surkan et al. 2004). LGA infants remain heavier
and taller and show higher insulin concentrations than
their AGA counterparts (Evagelidou et al. 2006). Children
who are LGA at birth and are exposed to an intrauterine
environment of diabetes or maternal obesity are prone to
accumulate fat in early childhood and are at an increased
risk of developing metabolic syndrome, characterized by
hypertension, insulin resistance and hypertriglyceridemia
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(Hediger et al. 1999; Boney et al. 2005). Childhood and
adult obesity are among the cardiovascular risk factors
now considered to be “programmed” by early life experi-
ence. Perhaps counter-intuitively, babies subjected to
either an early life environment of nutritional deprivation
or one over-rich in nutrients appear to be at risk. Indeed
there is a ‘U-shaped’ relationship between birth weight
and risk of adult obesity (Curhan et al. 1996). Changes in
physiological, pathophysiological, and/or nutritional condi-
tions can alter the expression of drug-metabolizing en-
zymes (Yoshinari et al. 2006; Hirunpanich et al. 2007). To
date, however, the impact of maternal hyper-nutritional
status/high infant birth weight on neonatal hepatic CYP3A
expression has remained unknown. To the best of our
knowledge, ours is the first study to describe the molecu-
lar changes in hepatic CYP3A and nuclear receptors,
PXR, CAR and HNF4a that occur in LGA neonatal
rats.
In conclusion, LGA affects hepatic expression of
CYP3A23/1, CYP3A2 and HNF4a. These observations
have potential implications for optimizing medication ther-
apy in human LGA infants. Furthermore, these kinds of
alterations could be fetally programmed and might lead to
permanent ontogenic changes in drug response. Our find-
ings provide a basis for additional studies on appropriate
medication regimens in children born LGA.

4. Experimental

Experimental methods were based on our previous work with minor mod-
ifications (Ni et al., 2008).

4.1. Animal model

All procedures used in this study were approved and performed in accord-
ance with the guidelines established by the Animal Ethics Committee of
Zhejiang University School of Medicine. Pregnant, 12-week-old Sprague–
Dawley (SD) rats (250–300 g) obtained at the 2nd day of pregnancy from
Zhejiang Medical Science Academy (Hangzhou, China) were used to gen-
erate the offspring used in this study. The rats were housed in a 22 � 1 �C
environment at 60% humidity and were maintained on a 12 h light/12 h
dark cycle.

4.2. Feeding protocol

The rats were housed individually in standard cages, and water and food
were provided ad libitum. The rats were fed a standard commercial rat
diet, provided fresh daily, containing (per 100 g) 22.5 g protein, 57.0 g
carbohydrates, 3.9 g fat, 8.0 g cellulose, 1.0 g minerals, 5.0 g mixed vita-
mins and 2.5 g water. The body weight of pups was determined at birth.
All the pups had not suckled and were sacrificed within 2 h of being born.

4.3. Sample treatment

Rat pups were categorized as AGA or LGA based on birth weight data
obtained from the previous 1200 rats (100 broods) fed a standard commer-
cial rat diet in our laboratory. AGA was defined as having a birth weight
between the 10th and 89th percentiles, while LGA was defined as having a
birth weight at or above the 90th percentile. The AGA birth-weight range
was 5.2 to 7.2 g, and the LGA group included pups with a birth weight
above 7.2 g. AGA (n ¼ 15) and LGA (n ¼ 15) pups were collected from
10 litters of rats. All animals were sacrificed by decapitation and exsangui-
nation. Body and liver weights of pups were recorded. One portion of the

liver was snap-frozen in liquid nitrogen and stored at �80 �C until ready
for RNA extraction. The remainder of the liver was fixed in 10% neutral-
buffered formalin for immunohistochemical examination.

4.4. RNA extraction and real-time PCR

Total RNA was extracted from approximately 20–30 mg liver tissue using
the AxyPrep Multisource Total RNA Miniprep Kit (Axygen biosciences,
CA 94587, USA) according to the manufacturer’s protocol. The quality of
the RNA was assessed by agarose gel electrophoresis and quantity was
determined spectrophotometrically. cDNA was synthesized using oligo
(dT)18 (TaKaRa Biotechnology), dNTPs (TaKaRa Biotechnology), ribonu-
clease inhibitor (Bio Basic Inc) and M-MuLv reverse transcriptase (Re-
vertAidTM, Fermentas life sciences) as recommended by the supplied pro-
tocol.
Gene-specific primers (Table 2) were designed based on sequences depos-
ited in GenBank. The PCR mixture included 10 mL SYBR Green PCR
Master Mix reagent (SYBR Premix Ex TaqTM, TaKaRa biotechnology),
0.4 mL 10 mM each primer, and 2 mL cDNA in a total volume of 20 mL.
PCR reactions were performed twice in duplicate using a LightCycler Sys-
tem (Roche Applied Sciences). Thermocycling was performed using an
initial ramp to 95 �C followed after 10 s by 40 cycles of 95 �C for 5 s
(denature) and 60 �C for 20 s (anneal). After PCR, dissociation curves
were established using the built-in melting curve program of the Light-
Cycler to confirm the presence of a single PCR product. Standard curves
were established by diluting a known concentration of cDNA from a
21-day-old male rat liver (10-fold dilutions over 5 logs) to evaluate the
efficiency of PCR and determine R2 values. The slope should be between
�3.2 and �3.7 and R2 > 0.99. To analyze results after real-time RT-PCR ex-
periments, we quantified the target gene transcript relative to that of the refer-
ences gene transcript, GAPDH, using the DCT method (2CT[GAPDH] –– CT[target]),
as described by the Bio-Rad real-time PCR protocol.

4.5. Immunohistochemistry

CYP3A23/1, CYP3A2, PXR and CAR proteins were detected using a two-
step immunohistochemical technique with the DAKO Envision system. All
formalin-fixed, paraffin-embedded liver tissues from the two groups were
examined (n ¼ 9 for each group). In each case, 4 mm-thick serial paraffin
sections were transferred to silanized slides. After deparaffinization and
hydration with xylene and graded alcohols, the antigens were unmasked
by heating under pressure for 100 s in 0.01 mol/L citrate buffer, pH 6.0.
Endogenous peroxidase activity was quenched by placing slides in 3%
hydrogen peroxide for 10 min. After washing with phosphate-buffered sal-
ine (PBS), the slides were incubated overnight at 4 �C in a humidified
atmosphere with rabbit anti-rat primary antibodies against CYP3A23/1
(AB1253, Chemicon, CA, USA; 1 : 150 dilution), CYP3A2 (AB1276, Che-
micon, CA, USA; 1 : 200 dilution), PXR (sc-25381, Santa Cruz, CA, USA;
1 : 50 dilution) and CAR (sc-13065, Santa Cruz, CA, USA; 1 : 50 dilution).
After incubating with primary antibodies, cells were labeled with a goat
anti rabbit peroxidase (HRP)-labeled polymer IHC kit (DAKO, Glostrup,
Denmark) as described by the manufacturer. The sections were visualized
by peroxidase-diaminobenzidine staining and then counterstained with he-
matoxylin for 1 min.
HNF4a was detected immunohistochemically using a goat polyclonal pri-
mary antibody against HNF4a (sc-6556, Santa Cruz) and a biotinylated
secondary antibody followed by streptavidin-peroxidase detection of an
HRP–Streptavidin complex (immunoCruzTM staining system SC-2053,
Santa Cruz). The staining procedure was different from that described
above as follows: 1) the unmasking antigen buffer was 0.01 mol/L EDTA,
pH 9.0; 2) the blocking solution contained goat serum; and 3) the primary
antibody dilution was 1 : 75.
As blank controls, sections were incubated with PBS instead of the pri-
mary antibody. For negative controls, appropriate volumes of normal rabbit
or goat serum were substituted for the primary antibody to rule out the
possibility of a false-positive response by the secondary antibody. A liver
from a 21-day-old male rat was used as a positive control. Images were
captured with a digital camera mounted to an Olympus microscope (BX
60 Olympus Optical Co., Japan).

ORIGINAL ARTICLES

256 Pharmazie 64 (2009) 4

Table 2: Quantitative RT-PCR primers and their products

Gene Sense Antisense Product Length (bp)

CYP3A23/1 GATGTTGAAATCAATGGTGTGT TTTCAGAGGTATCTGTGTTT 290
CYP3A2 AGTAGTGACGATTCCAACATAT TCAGAGGTATCTGTGTTTCTT 251
PXR GAGCTCTGGGCAGAAACATCATC GGCCAACATGGTTCCACCTC 146
CAR CATTTCCATGCCCTGACTTGTG AGGCTGGACAATGGCGTCTC 133
HNF4a CGGGCTGGCATGAAGAAAG AGCGCATTAATGGAGGGTAGG 101
GAPDH GGCACAGTCAAGGCTGAGAATG ATGGTGGTGAAGACGCCAGTA 143



Samples were analyzed by calculating the percentage of positive cells in
five fields after viewing at 200� magnification with an Olympus micro-
scope (BX 60 Olympus Optical Co., Japan). Protein expression was evalu-
ated using a score corresponding to the sum of both (a) staining intensity
(0, negative; 1, weak; 2, intermediate; 3, strong) and (b) percentage of
positive hepatocytes (0, 0% positive; 1, < 25% positive; 2, � 25 and
� 50% positive; 3, > 50% positive). Using summed score values (maxi-
mum possible ¼ 6), samples were classified as “�” (0), “þ” (1–2), “þþ”
(3–4) and “þþþ” (5–6). A score greater than 2 was regarded as positive
(Lee et al. 2003). Each sample was scored in duplicate by two blinded
observers.

4.6. Statistical analysis

Statistical analyses were performed with R software 2.6.0. Group differ-
ences in mRNA and protein expression levels were detected by an inde-
pendent-sample t-test or Mann-whitney U tests as appropriate. Pearson or
spearman’s rho (data points with skewed distributions) correlation coeffi-
cients were used to compare correlations between groups as appropriate. A
P value less than 0.05 was considered significant in all cases.
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