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Abstract

AIM: To investigate the expression of a-fetoprotein
(AFP), a cancer-associated fetal glycoprotein, and its
involvement during rat colon development.

METHODS: Colons from Sprague-Dawley rat fetuses,
young and adult (8 wk old) animals were used in this
study. Expression levels of AFP in colons of different
development stage were detected by reverse-
transcriptase PCR (RT-PCR) and Western blotting.
To identify the cell location of AFP in the developing
rat colons, double-immunofluorescent staining was
performed using antibodies to specific cell markers and
AFP, respectively.

RESULTS: The highest levels of AFP mRNA were
detected in colons of rats at embryonic day 18.5
(e18.5). Compared to e18.5 d, the AFP expression was
significantly decreased during rat development [85% for
€20.5, P < 0.05, 58% for postnatal day 0.5 (P0.5), P <
0.05, 37% for P7, P < 0.05, 24% for P14, P < 0.05, and
11% for P21, P < 0.05] and undetected in adult rats.
Only the 72-kDa isoform of AFP was detected by Western
blotting, the expression pattern was similar to AFP mRNA
and conformed to the results of mMRNA expression. The
AFP positive staining was identical to different distribution
patterns in fetuses, young and adult animals and positive
staining for both AFP and vimentin was overlapped in
mesenchymal cells at each stage tested.

CONCLUSION: This study has for the first time

demonstrated that AFP is localized in the mesenchyme
of rat colon from the embryo to the weaning stage
by immunofluorescence and presents 72-kDa isoform
in the developing rat colons by Western blotting. The
dynamic expression of AFP in the various developmental
stages of the colon indicates that AFP might be involved
in many aspects of colon development.

© 2009 The WG Press and Baishideng. All rights reserved.

Key words: Alpha-fetoprotein; Development; Mesenchyme;
Colon; Rat

Peer reviewer: Giuseppe Montalto, Professor, Medicina
Clinica e delle Patologie Emergenti, University of Palermo, via
del Vespro, 141, Palermo 90100, Italy

Liu XY, Dong D, Sun P, Du J, Gu L, Ge YB. Expression and
location of a-fetoprotein during rat colon development. World J
Gastroenterol 2009; 15(14): 1738-1743 Available from: URL:
http://www.wjgnet.com/1007-9327/15/1738.asp DOI: http://
dx.doi.org/10.3748/wjg.15.1738

INTRODUCTION

The mammalian gut epithelium is a highly organized
and dynamic system that requires continuous, controlled
proliferation and differentiation throughout life.
Identification of the growth factors controlling these
processes is crucial since the molecular mechanisms
regulating organogenesis are often the same as those
necessary for repair following injury. Furthermore, mis-
regulations of embryonic signaling pathways are often
associated with neoplastic diseases.

We assumed that accurate transcriptional profiles
over gut development interval could provide
fundamental information about underlying mechanisms,
and characterized candidate regulators of cell
interactions and mucosal differentiation. This resoutce
also can be applied to address long-standing questions
about reactivation of fetal genes in cancer.

A number of transcription factors, growth factors,
and their receptors have been found to be expressed
in the gastrointestinal epithelium or mesenchyme.
However, little is known about their specific functions
in gastrointestinal development. For those factors
where a mutation has been generated by gene targeting,
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gastrointestinal development cither proceeds normally!

ot the embryos die too eatly to allow assessment of the
gene functions in gut development!™?l,

Mammalian o-fetoprotein (AFP) is a single-chain
glycoprotein with molecular mass ranging from 66 to
72 kDa and 3%-5% carbohydrate (glycan) content. This
protein, which expresses at high levels in the fetal liver
and yolk sac, constitutes 0.1% of the total mRNA in the
fetal gut®. At birth, AFP mRNA declines precipitously
in both liver and gut to levels that are barely detectable!”.
The gut development during late gestation and early
neonatal period is accompanied by changes in the
synthesis of AFPP, and abundance declines significantly
during gut development. In this case, AFP is considered
as an important growth factor with a specific function in
gastrointestinal development.

The ontogeny of AFP gene expression has been
examined in the fetal and adult mouse gastrointestinal
tract” to understand the basis of the ontogeny of AFP
transcription in the gut and its regulatory clements.
However, little is known about the expression pattern
of AFP genes or its involvement during rat colon
development.

MATERIALS AND METHODS

Specimens

Colons from Sprague-Dawley rat fetuses embryonic
day 18.5 (e18.5 and €20.5 gestation), young (0 d and 1,
2 and 3 wk old) and adult (8 wk old) animals were used
in this study. Five rats were used at each age stage. The
embtyonic age was determined according to Kaufman™.
Mating was performed by housing a male and a female
rat together in the same cage overnight. The presence
of a vaginal plug was determined the next morning (0.5
d gestation). Rats were housed in plastic cages in an air-
conditioned and light controlled room at 24 £ 2°C and
60% £ 5% humidity. The study protocol was approved
by the Nanjing Medical University Animal Care and Use
Committee.

Reverse-transcriptase PCR (RT-PCR)

Total RNA was extracted from tissues at each time point
with TRIZOL reagent (Invitrogen Life Technologies,
Burlington, Ontario, Canada), according to the
manufacturer’s instructions. The quality of the RNA was
verified by agarose gel electrophoresis using ethidium
bromide staining. For each PCR, 2 ng DNA-free total
RNA with oligo (deoxythymidine) primers and reverse
transcriptase were used. PCR was performed in 50-pL
reactions containing 2.5 ng cDNA, 1 pL each primer
pair, and 25 pl. Premix Taq (TaKaRa, CA, USA). PCR
was carried out in a T-gradient Biometra PCR thermal
cycler (Montreal Biotech Inc., Kirkland, Quebec,
Canada) to determine the annealing temperature for
cach pair of primers!"l. The AFP primer pairs used were:
5'"GCTGAACCCAGAGTACTGCAC-3' (forward), and
5'-GACACGTC GTAGATGAACGTG-3' (reverse).
Amplification reactions were carried out for 30 cycles at
94°C for 30 s, 58.4°C for 30 s and at 72°C for 1 min.

The amplified products were 443 bp and analyzed
on 1% agarose gels and visualized by ethidium bromide
staining. Controls omitting RT ¢cDNA or DNA
polymerase showed no reaction bands. The data were
normalized by 18S RNA.

Western blot analysis

The tissues were homogenized in a lysis buffer
containing 50 mmol/L Tris-HCI (pH 7.5), 150 mmol/L
NaCl, 5 mmol/L EDTA, 10 mmol/L NaF, 1 mmol/L
sodium orthovanadate, 1% Triton X-100, 0.5% sodium
deoxycholate, 1 mmol/L phenylmethylsulfonyl fluoride
and Complete Protease Inhibitor Cocktail (Roche,
Mannheim, Germany). The lysate was then centrifuged
at 12000 x g for 25 min at 4°C. The total protein
concentration of each sample was analyzed by BCA
Protein Assay Kit (Pierce, Rockford, IL., USA). An equal
amount of protein samples, 60 g, from each specimen
was boiled in 3 X loading buffer (10 mmol/L Tris-
HCI, pH 6.8 including 3% SDS, 5% B-metcaptoethanol,
20% glycerol and 0.6% bromophenol blue) for 3 min
and separated by 12.5% SDS-PAGE and transferred
to nitrocellulose membranes (Bio-Rad, Hercules, CA,
USA). After transfer, membranes were blocked with 5%
fat-free milk in Tris-buffered saline plus 0.05% Tween
20 (TBS-T) overnight at 4°C. The membranes were
then incubated with the primary antibody (sc-8108,
an affinity purified goat polyclonal antibody raised
against a peptide mapping at the C-terminus of AFP,
diluted 1:500; Santa Cruz, Biotechnology CA, USA)
for 2 h at room temperature. After washing in TBS-T
three times, the membranes were incubated with the
peroxidase-linked rabbit antigoat IgG conjugates (Santa
Cruz Biotechnology) for 1 h at room temperature. At
the end, they were washed again in TBS-T, incubated
in enhanced chemiluminescence reagents (Pierce) for 2
min, and exposed to X-Omat BT film (Eastman Kodak,
Rochester, NY, USA). Signal intensity was quantified
using a Bio-Rad image analysis system and the results
were normalized to band intensities at e18.5. Loading
controls of presumably and constantly expressed
proteins such as B-actin were used; however, their
variability and increase in development precluded their
use?. For negative controls, the primary antibody was
omitted.

Double fluorescence immunohistochemistry

Tissues were fixed in 4% paraformaldehyde overnight
at 4°C followed by a standard protocol of dehydration
and paraffin embedding, and 5-pm sections were cut.
The paraffin sections were deparaffinized in xylene and
rehydrated in graded ethanol and distilled water. The
non-specific binding sites were blocked in 1% bovine
serum albumin (BSA) for 30 min. For AFP and vimentin
double immunofluorescence, the goat anti-AFP primary
polyclonal antibody was applied and revealed using
fluorescein isothiocyanate (FITC)-labeled rabbit antigoat
IgG (1:400, sc-2777; Santa Cruz Biotechnology). Mouse
anti-vimentin primary monoclonal antibody (1:1000,
CBL202; Chemicon International, Inc. Temecula, CA,
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USA) was then applied and revealed by rhodamine-
labeled anti-mouse IgG (1:400, AP192C; Chemicon
International, Inc.). Sections were placed in gel aqueous
mounting medium (G0918; Sigma, St. Louis, MO,
USA) with a cover glass and were examined under an
Olympus BX51 microscope (Olympus Optical, Tokyo,
Japan). Controls were treated by omitting the primary
or secondary antibody. No staining was observed under
the negative control conditions. Images were taken at a
magnification X 200.

Statistical analysis

All experiments were done in triplicate. Analysis of the
experimental data was carried out using PDQuest 7.0
software (Bio-Rad Laboratories) and one-way analysis of
variance and paired 7 test were used. Data are presented
as mean = SD. P < 0.05 was considered statistically
significant.

RESULTS

Temporal expression of AFP in the developing rat colons
We carried out RT-PCR and Western blotting to detect
the expression of AFP using samples extracted from
the colons of fetal e18.5 and ¢20.5, postnatal day 0 (PO),
P7, P14 and P21 and adult rats. As shown in Figure 1,
the highest levels of AFP mRNA were detected in
colons of rats at ¢18.5. The AFP mRNA levels in
colons declined steadily during rat development and
were undetected in adult rats (P < 0.05) (Figure 1). The
level of AFP mRNA in €20.5 colon was significantly
decreased compared with that in ¢18.5 colon. AFP
mRNA in PO colon was lower than those in €20.5
colon (P < 0.05), and AFP mRNA in P7 colon was also
lower than in PO (P < 0.05). There was no difference in
the levels of AFP mRNA between P14 and P21. The
AFP protein had four isoforms: 72, 60, 48 and 37 kDa.
In our study, only the 72-kDa isoform of AFP was
detected in rat colon (Figure 2A). From the results of
the densitometric quantification (Figure 2B), it was seen
that the total AFP was the highest at e18.5, after which
expression decreased steadily, being the lowest in the
adult colons. This result was similar to those of AFP
mRNA expression.

Regional and temporal localization of AFP in the
developing rat colons

In €18.5 fetus, the colonic mucosa was lined by a stratified
epithelium and AFP positive staining was detected in
the epithelium and mesenchymal tissue (Figure 3A).
In €20.5 fetus, the epithelium has transformed into a
simple columnar one. The AFP positive cells located at
the bottom of crypt-like structure and the number of
positive cells decreased markedly at this time (Figure 4A).
After birth, positive cells were scattered on the epithelium
during the first 7 d (Figure 4B). By P14 and P21, when
the adult crypt structure replaced the villi, positive cells
became largely restricted to the base of the crypts, no
positive staining of AFP in the adult colonic epithelium
was observed (Figure 3C and D).

A Marker €18.5 €20.5 PO P7 P14 P21 Adult
1200 bp
900 bp
700 bp
500 bp

300 bp

AFP
-
443 bp

100 bp

1.2 -

=
o
T

I
o)
T

1

el8.5 e20.5 0] P7 P14 P21

o
NS
T

AFP density (% of e18.5)
o
(o)}

e
N
T

0.0

Figure 1 Expression of AFP mRNA using RT-PCR analysis in the devel-
oping rat colons as indicated in lanes e18.5, €20.5, P0, P7, P14, P21 and
adult rats. The position of molecular weight markers is indicated on the left. A:
The highest levels of AFP mRNA were detected in colons of rats at €18.5 and
declined steadily during rat development and were undetected in adult rats;
B: Results are indicated in percentages above the €18.5 value and are repre-
sentative of three independent experiments. °P < 0.05 vs e18.5, €20.5 and PO,
respectively.
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Figure 2 Expression of AFP protein using Western blot analysis in the
developing rat colons as indicated in lanes e18.5, e20.5, P0, P7, P14, P21
and adult rats. A: Western blot analysis using AFP (C-19), an affinity purified
goat polyclonal antibody against a peptide mapping at the C-terminus of AFP,
revealed a 72-kDa isoform. The highest levels of AFP protein were detected in
colons of rats at €18.5 and declined steadily during rat development and were
undetected in adult rats. B: Results are indicated in percentage above the €18.5
value and are representative of three independent experiments. °P < 0.05 vs
€18.5, €20.5 and PO, respectively.

Cells localization of AFP in the developing rat colons

The pattern of AFP-expressing cells and mesenchymal
cells were very similar, which suggested a relationship
between them. To identify the cells, an antibody against
vimentin, which has been used as a marker for the
mesenchymal cells, was used. Double-immunofluorescent
staining for the vimentin and AFP showed a complete
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Figure 3 Immunofluorescence localization of AFP in the developing rat colons. A: In e18.5, AFP positive staining can be detected in the epithelium and mesen-
chymal tissues; B: At PO, positive cells were located at the base of the crypts and scattered on the epithelium; C, D: Only a few positive cells restricted to the base of
the crypts between 14 and 21 d, and no positive cells can be detected in adult rat colons. (x 200).

AFP Vimentin

Figure 4 Immunofluorescence localization of AFP and vimentin in the developing rat colons. Labeling by the AFP antibody was detected with an FITC (green)-
labeled secondary antibody. Labeling of vimentin was detected with a rhodamine- (red)-labeled secondary antibody on the same section. The overlap of AFP (green)
and vimentin (red) labeling appeared orange in color. Double-labeling revealed complete localization of AFP and vimentin in the same colon cells at both €20.5 and P7.
A: e20.5; B: P7.

www.wjgnet.com



1742 ISSN 1007-9327  CN 14-1219/R

World ] Gastroenterol

April 14, 2009  Volume 15 Number 14

overlap between the AFP positive cells and the
antibody staining for vimentin at each stage tested

(Figure 4A and B).

DISCUSSION

AFP is known to be associated with the successful
completion of term pregnancies in mammals and even
minute amounts of AFP may still be necessary during
human pregnancy?. The capability of both up and
down modulation of growth and differentiation as a
dose-dependent function of AFP has been demonstrated
in a multitude of cell types including placental, ovarian,
uterine, lymphoid, epidermal, endothelial, testicular,
breast, and liver!" . The rat colon undergoes rapid
growth and differentiation during the last few days
of gestation and the first 2 wk after birth!"”?%. This
maturation process is accompanied by changes in the
composition of AFP, which indicates that AFP might
be involved in many aspects of colon development. Liu
et al* studied the changes of the protein levels of AFP
in rat pancreas during development also by Western blot
analysis and immunohistochemistry. Their results have
demonstrated that the expression of AFP protein in
the rat pancreas was increased in ¢18.5 rats and down-
regulated after birth. They found a the similar possibility
to ours, that the pancreatic cells, which went through
dramatic growth, differentiation and proliferation, result
from the dynamic expression of AFP in the various
developmental stages™.

The genetic variants of rat AFP mRNA consist
of sizes ranging from 2.2 to 1.35 kb, representing
translated proteins ranging from 72 kDa down to 37
kDa, respectively?. The smaller AFP isoforms are
found to be truncated from the amino-terminal end.
Molecular variants of AFP expressed in liver have long
been reported in biomedical studies. All isoforms of
the 72-kDa, 60-kDa and 48-kDa AFP protein may be
involved in different aspects of liver cell behavior!%.
Using a polyclonal antibody against a peptide mapping
at the C terminus of AFP®"*! we found that only
the 72-kDa isoform in the developing rat colons was
detected by Western blotting. These results indicate that
the 72-kDa isoform of AFP, with the highest expression
in embryonic and regenerated liver, may also play an
important role in colon cell proliferation and organ
maturation.

Tyner et al! have reported that AFP is expressed
in a subset of enteroendocrine cells expressing
chromogranin A, which suggested that they could be of
enteroendocrine origin. AFP is a soluble glycoprotein
that is able to bind many ligands including fatty acids,
metals, steroids (estrogens), thyroxin, and tryptophan/®’.
The identity of the cells that express AFP in the colon
cells was tested by double antibody staining with

antibodies to chromogranin A (an enteroendocrine
cell marker), cytokeratin (a epithelial cell marker),
proliferating cell nuclear antigen (a proliferative cell
marker) and vimentin (a mesenchymal cell marker and
AFP) at each stage in rat development, respectively (data

not shown). Only an overlap of positive staining of AFP
and vimentin was found in the same cell, indicating that
AFP is indeed expressed and produced in mesenchymal
cells. Liu ez a/* reported that, in rat developing pancreas,
AFP was also co-expressed with the vimentin, which
was similar to our results. These results demonstrated
that mesenchymal cell-derived AFP can act as a potent
paracrine regulator of colon cell proliferation and organ
maturation. The epithelial-mesenchymal interactions
play an essential role in the control of gastrointestinal
epithelial growth and differentiation not only in fetal
stages, but also in adultsP'*, but the mechanism has
not been fully understood. Characterization of AFP
expression in mesenchymal cells may help us discern a
function in the gastrointestinal tract.

Cancer cells display immature features and
dysregulated gene expression, with attenuation of tumor
suppressors and aberrant expression of genes that are
inactive in normal adult tissues. Since many down-
regulated genes during development are re-expressed
in tumors, understanding their respective cellular roles
can provide information about both development
and cancer biology. Despite some recent advancest,
the extent of embryonic gene expression by tumor
cells and the significance of this phenomenon are still
unknown. AFP is one such gene and is reactivated in
human tumors of the same fetal origin. Further studies
are necessary to identify elements in the AFP gene that
contribute to its expression. Numerous data support
the hypothesis that AFP repression is a part of a global
scheme of liver differentiation prematurely activated by
glucocorticoids®. The involvement of glucocorticoids
in AFP expression in the gut remains an open question.
Studies are now in progress in our laboratory using
animal and tissue culture models.

In summary, our present study has, for the first time,
demonstrated that AFP is localized to the mesenchyme
in rat colon from the embryo to the weaning stage
(up to 21 d after birth) by immunofluorescence, and
presents a 72-kDa isoform in the developing rat colon
by Western blotting. The dynamic expression of AFP in
the various developmental stages of the colon indicates
that AFP might be involved in many aspects of colon
development. The exact function of AFP in colon
development remains to be determined.

COMMENTS

Background

Mammalian o-fetoprotein (AFP) is a single-chain glycoprotein, developmentally
down-regulated and re-expressed in tumors. The authors assumed that its
accurate profiles over gut developmental interval could provide fundamental
information about underlying mechanisms. This resource also can be applied to
address longstanding questions about reactivation of fetal genes in cancer.
Innovations and breakthroughs

This study demonstrated that AFP presented a 72-kDa isoform and localized
to the mesenchyme in the developing rat colon. The expression of AFP in the
various developmental stages is dynamical. AFP might be involved in many
aspects of colon development.

Applications

This animal model is a useful tool for the studies of gastrointestinal mucosal
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proliferation and differentiation mechanism in vivo. The authors will identify
elements in the AFP gene that contribute to its expression.

Terminology

AFP is a single-chain glycoprotein with molecular mass ranging from 66 to 72
kDa and a 3%-5% carbohydrate (glycan) content.

Peer review

The study investigated the expression of AFP and its involvement during rat
colon development. It was well designed and conducted adequately.
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