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ABSTRACT : A single nucleotide polymorphism tn the transforming growth factor-§ type II receptor
{TGFfRII) gene of the rat was studied. TGFBRII is a tumor suppressor that is_frequently inactivated by
mutation irn human colon cancers. A novel nucleotide polymorphism of G to A {or A to G), which causes a
silent mutation at codon 129, was found in G:C rich sequence in the TGF BRI gene of Sprague-Dawley rats.
The results suggest that genetic polymorphism occurs within a strain of the laboratory antmal.
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I. INTRODUCTION

Transforming growth factor-p (TGFp) regulates a
variety of cellular processes including cell prolifera-
tion, extracellular mairix formation, apoptosis, migra-
tion and adhesion (Sporn et al., 1987: Lyons et al.).
TGFp is also involved in embryonic morphogenesis.
tissue differentiation, and wound healing. The physi-
ology of TGFp is influenced by various factors, includ-
ing levels of TGFPB and presence of other growth
factors. At least nine different cellular TGFf binding
proteins have been identified, showing different pat-
terns of expression in different tissues. TGF( signal
transduction is primarily mediated by a heteromeric
complex of two related serine-threonine kinases, Type
I {TGFBRI) and Type 11 (TGFBRII). A cascade of inter-
actions is involved in TGF{ signaling: ligand binding
to TGFBRII, formation of a heterodimer complex
between TGFBRI and TGFBRII, transphosphorylation
of TGFPRI by TGFRRI, and initiating downstream sig-
naling (Massague, 1998), Thus, the TGFBRII appears
to be essential for the biological activity of TGFJ.
TGFP receptor type IO (TGFPRII), although capable
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TGFBRI, transforming growth factor-B type II receptor;
TGFp, transforming growth factor-f; MSI, Microsatellite insta-
bility: PCR-SSCE Polymerase chain reactions-single strand
conformation polymorphism

of binding to TGFBR, is distinct from TGFBRI and
TGFPRII and has no kinase domain. TGFBRII has
been thought lo associate physically with TGFRI-
TGFBRII signaling complex and facilitate ligand hind-
ing to TGFBRII (Lopez-Casillas et al., 1993).

Microsatellite instability (MSI) involves misalign-
ment mutagenesis and alteraticns in the lengths of
simple repetitive sequences (Loeb, 1998; Duval et al.,
1999). MSI, well studied in hereditary nonpolyposis
colorectal cancer, is associated with defecls in DNA
mismatch repair. One of the examples of MSI is
TGFARII frameshifi mutations clustered within a mic-
rosatellite-like 10 base pair polyadenine repeat within
the coding region (BAT-RII iract). Such BAT-RII tract
frameshift mutations are frequenily found in colon
cancers that arise by the pathway of MSI, and biallelic
imactivation of TGFSRII secondary to BAT-RII mutations
can be found in 90% of MSI colon cancer (Parsons et
al., 1995).

Genetic polymorphism in TGFBRI in the rat was
examined. The current study demonsirates that
TGFfRI! of Sprague-Dawley rats has a nucleotide
polymorphism in G : C rich sequence.

II. MATERIALS AND METHODS

Genomic DNA isolation: Genomic DNA of mam-
mary glands and kidneys from 25 week-old Sprague-
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Dawley and Fisher344 rats were isolated by phenol/
chloroform extraction. Briefly. tissues were homaoge-
nized in 10 mM Tris-HCl and 1 mM EDTA (TE), pH
7.6. The homogenate was incubated with RNAse for
3 hour at 37°C, followed by an overnight incubation
with proteinase K (100 mg/ml!) in the presence of 1%
sodium dodecyl sulfate. The lysale was then extracied
with phenol/chloroform. The DNA was precipitated
with ethanol. washed with 70% ethanol and resus-
pended in TE bufler.

Polymerase chain reactions-single strand confor-
mation polymorphism {PCR-SSCP): A set of allele
specific PCR primers was designed with the GCG Pro-
gram (Genetics Computer Group. Madison, WI). The
primer sequences are as follows: sense CCCAAGTT:
CAGGTACCA and antisense CAGGAGCACATGAAGAA.
PCR amplication was performed with Taq polymerase
in the presence of [*PleATP (0.1 uCi/ul). After PCR,
1 wl of the reaction mixture was diluted with 9 pl of
loading buffer (95% formamide, 20 mM EDTA) and
heated at 94°C for five minutes prior to being incu-
bated on ice. Subsequently 1 pl was loaded onto a 6%
polyacrylamide gel containing 0.5 % TBE and 5% glyc-
erol. Electrophoresis was performed for four hours at
4°C. The gel was then dried and visualized by autora-
diography.

Direct nucleotide sequencing: Bands on the SSCP
gel were cut out, eluted with 50 pi of water, and used
as the templates of PCR with nonlabeled primers.
After PCR, the reaction mixture was gel-purified with
Qiaex II Gel Exiraction Kit {(QJiagen). The PCR product
was then labeled using ABI Prismm Dye Terminator
Sequencing Ready Reaction Kit Nucleotide sequene-
ing was performed with ABI373 antosequencer {Per-
kin-Elmer).

IO. RESULTS AND DISCUSSION

Allele specific PCR-SSCP analysis for TGFSRIT in
Sprague-Dawley rats showed three types of band pal-
terns: H1, H2 and H3 (Fig 1). In contrast, only HI1-
type was found in the DNA samples from Fisher344
rats. Based upon direct sequencing (Fig. 2), the bands
in Hl-type lanes represent an allele that was previ-
ously reported (GenBank Accession S67770). The
bands in H2-type lanes contain a single nucleatide
substitution of G: Cto A: T in G : C rich sequence.

Fig. 1. PCR-SSCP analysis of a nucleotide substitution in
the TGFARII gene in genomic DNA samples of Sprague-
Dawley rats. H1. H2 and H3 represent three different types
of band patterns in the pelyacrylamide gel.

LysGluLysLysArgAlaGlyGluThr
621 aaggazaagaaazgggegggcgagace od’

zaggaaaagaaaagygcAggogagace

LysGlulysLysArgAlaGlyGluThr

Fig. 2. A single nucleotide polymorphism of TGFSRII of the
rat. The sequence ol upper DNA strand is from GenBank
Accession S67770. A novel nucleotide polymorphism of G
to A (or A to G) at nucleolide 387 is indicaled in upper case.

The nuclectide substitution, however. is a silent muta-
tion (Fig. 2). H3-type lanes represent a heterozygote of
H1l and HZ. Among the 23 samples used for PCR-
SSCP analysis, H1-, H2- and H3-lypes occur at the
frequencies of 10/23. 823 and 5/23, respectively (Fig. 1).

Microsatellites nearly always occur at noncoding
sequences with no known function. and mutations of
these may be regarded as neutral. In this case. the
mutant microsatellite alleles, which accumulate by
chance as a result of an increased mutation rate can
be regarded as bystander mutations. Short runs of
mono- or dinucleotide repeat sequence can also be
found in the coding regions of certain tumeor suppres-
gor genes such as BAX. E2F4, insulin-like growth fac-
tor II receptor and in the huwman. Since frameshift
mutations of the genes results in altered gene prod-
ucts, they have been assumed io dive an selective
advantage (Rampino et al., 1997).

In humans, the TGFSRII gene contains a mononu-
cleotide (A),, repeat within the 5' end of the coding
region that appears to be a consistent target for inac-
tivating insertion/deletion mutations in gastrointesti-
nal cancers deficient in mismatch repair. A (GT),
repeat within 3' end of the coding region of TGFRI is
also a targel of mutational inactivation in mismaich



repair deficient human colon cancers (Yamamoto et
al., 1997).

In confrast to a mononucleotide (A),, repeat of
human TGFSRII rat TGFARI contains an incomplete
repeat, -AAAAGAAAA-. In the present study, a hase
substitution of G: C to A: T was found close to the
incomplete repeat (Fig. 2). The mechanism by which
the two allele coexists in the outbred strain 1s unclear.
The base subslitution causes a silent mutation and
does not affect physiological functions of the gene
product. However, it should be noted that there exists
genetic variability within a strain of the laboratory
animal used for research purpose.
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