
Developmental changes of the expression of the genes regulated by

retinoic acid in the small intestine of rats

Yuko Oguraa, Kazuhito Surugaa, Sachiko Takaseb, Toshinao Godaa,T
aLaboratory of Nutritional Physiology and COE Program in the 21st Century, University of Shizuoka School of Food and

Nutritional Sciences, 52-1 Yada, Shizuoka-shi 422-8526, Japan
bDepartment of Nutrition and Health Sciences, Siebold University of Nagasaki, Nagasaki 851-2195, Japan

Received 9 December 2004; accepted 3 May 2005

Abstract

Retinoic acid (RA) serves as a hormone-like nutrient and it plays pivotal roles in cellular differentiation and

proliferation in various tissues including the small intestine. In this study, we aimed to explore a possible role of

RA signaling in the developing rat small intestine of perinatal (embryonic and newborn) and suckling–weaning

transition period, and we investigated the changes in the expression of several genes regulated by RA. Northern

blot analysis showed that both retinal dehydrogenase 1 (RALDH1) and retinal dehydrogenase 2 (RALDH2)

mRNA levels were higher in 19-day fetal (2 days before birth) small intestine and then declined after birth.

Retinoid X receptor alpha (RXRa) mRNA and retinoic acid receptor alpha (RARa) mRNA levels in the small

intestine showed high levels in perinatal period compared with suckling–weaning transition period. RA-target

genes such as retinoic acid receptor beta (RARb) and cellular retinol-binding protein, type II (CRBP II) mRNA

levels were significantly increased in the perinatal small intestine. Furthermore, mRNA levels of hepatocyte

nuclear factor-4 (HNF-4), which is one of the possible RA-target gene and a transcription factor regulating CRBP

II gene expression, was also increased in the perinatal small intestine. These results suggest that the possible

perinatal RA production by RALDHs might regulate various RA-target genes including CRBP II and RARa
through RXRa or HNF-4 in the small intestine.
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Introduction

Retinoic acid (RA), an activemetabolite of vitaminA (retinol), plays an important role in the development

and differentiation of various organs through modulations of the transcription of various genes (Balmer and

Blomhoff, 2002). These actions of RA are mediated by two classes of the nuclear hormone receptor

superfamily, the RA receptors (RARs) and the retinoid X receptors (RXRs) (Ross et al., 2000). RARs are

activated by not only all-trans RA but also 9-cis retinoic acid as ligand, whereas RXRs bind exclusively 9-cis

retinoic acid as ligand. RA is enzymatically synthesized from retinol by two sequential oxidation steps, which

include the oxidation of retinol to retinal and the oxidation of retinal to RA (Napoli, 1999). It has been

reported that an irreversible oxidation of retinal toRA is catalyzedby cytosolic retinal dehydrogenases,which

are members of the aldehyde dehydrogenase (ALDH) family and designated as RALDHs (Napoli, 1999).

Small intestine is the first gateway for contact and uptake of various kinds of environmental factors such

as many kinds of nutrients, drugs and xenobiotics. Marked changes in the small intestinal functions occur

especially in the perinatal and suckling–weaning transition periods. It is well known that nutrient factors

and several hormones such as glucocorticoid and thyroid hormone play important roles in the regulation of

the small intestinal gene expressions throughout the suckling –weaning transition period (Henning, 1981;

Thomson and Keelan, 1986). On the other hand, during the perinatal stage the small intestine undergoes

the initial morphological and functional maturation, which is accompanied by the abrupt induction of

various genes related to nutrient uptake and metabolism (Henning, 1981; Thomson and Keelan, 1986).

However, precise mechanisms of perinatal induction of these gene expressions are still unknown. RA also

plays pivotal roles during entire life stage in growth, maintenance and differentiation of various epithelial

cells including those in the small intestine (Henning, 1985; McCormack et al., 1996; Plateroti et al., 1993).

Therefore we hypothesized that RA might be one of the regulatory factor of these genes in the perinatal

small intestine. In the present study, we investigated the changes in the transcript levels of RA-synthesizing

enzymes RALDHs, retinoid receptors and their putative target genes such as cellular retinol-binding

protein, type II (CRBP II and hepatocyte nuclear factors (HNFs) in the perinatal small intestine.

Materials and methods

Animals

Sprague–Dawley rats were obtained from Japan SLC (Hamamatsu, Japan). Pups were kept with their

mothers, and bothmother and pupswere given free access towater and a standard laboratory chowdiet (MF,

Oriental Yeast, Tokyo, Japan) throughout the experimental period. All rats were housed under a light cycle

with 12-h darkness from19:00 to 7:00. The embryoswere dissected at the age of 19-day fetus (2 days before

birth). Newborn rat pups were killed at the age of 0, 1, 3, 5, 13, 17, 20, and 27 days old pups by decapitation

between 10:00 and 12:00. The experimental procedures used in the present study met the guidelines of the

animal usage committee of the University of Shizuoka.

RNA analysis

The small intestine was washed with ice-cold 0.9% NaCl solution. A portion (100 mg) of the small

intestine was used for total RNA extraction. Total RNA was isolated using TRIzol reagent (Invitrogen,
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