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required for the completion of TGF-@ signal transduction, whereas

TGF-f3 lull lacks an intracellular signaling domain and may function
as a ligand reservoir (1, 2). Many tumor cells become insensitive to
the growth-inhibitory actions of TGF-@, although TGF-f3 secretion is
retained or increased (3â€”5).The loss of TGF-(3 responsiveness may be

associated with mutational loss of TGF-@ receptors or critical com
ponents of the TGF-@3signal transduction pathway, and such muta
tions have been observed in selected human cancers (6â€”10).Thus,
loss of TGF-@ responsiveness may be a common mechanism by
which tumor cells escape from normal growth constraints.

Colon cancer is the second leading cause of death from cancer in
the United States, and 90% of colorectal cancers arise from adenom
atous polyps. The adenoma-to-carcinoma sequence is now widely
accepted as the most likely mechanism for the development of cob
rectal cancer (reviewed in Ref. 11). FAP is an autosomal dominant
hereditary condition characterized by the development of numerous

adenomatous polyps in the colon. This genetic disease has attracted
considerable interest because of the high rate of progression of ade
nomas to coborectal carcinoma (12). The inherited genetic lesion in
FAP patients results from mutation of the APC gene. Subsequent loss
or mutation of the remaining normal APC allele then leads to loss of
Ape function and intestinal adenoma formation. Mutations in APC are
also found in 60â€”80%of sporadic coborectal cancers and in a similar
percentage of sporadic colorectal adenomas (13â€”15).Therefore, FAP
provides an excellent model for the study of multistep progression
from adenoma to carcinoma. The Mm mouse is a putative murine FAP
model in which tumor formation is similar to the human disease,
because intestinal adenomas develop because of APC mutation in the
absence of exogenous carcinogen (16).

We have recently found that cyclin Dl and Cdk4 immunoreactivity
are increased in Mm mouse intestinal adenomas, and this increase is
associated with proliferative activity of the adenoma cells (17). In
cultured intestinal epithelial cells, we have previously reported that
TGF-f3-mediated growth inhibition is associated with decreased cx
pression of cyclin Dl (18), whereas in mink lung epitheial cells,
TGF-j3 inhibits synthesis of Cdk4 (19). In the present study, we
sought to determine whether alterations in the expression and distri
bution of the TGF-(3 RH occur in Mm mice adenomas and whether
there is an inverse relationship with cycin Dl and/or Cdk4 expres
sion.

Materials and Methods

Mm Mouse Intestinal Tissue Collection. All of the mice used for this
study were (AKR X B6) Apc@â€•@â€•/Apc@mice produced by mating B6-Min
ApeMII/Apc+ males with AKR females and will be referred to as Min/+ (20).
Individual Min/+ mice developed adenomas in both the small and large
intestine, with tumor sizes ranging from 1â€”4mm2. The mice were bred and
maintained at the McArdle Laboratory for Cancer Research and the Animal
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Abstract

Tumor cells often become resistant to the growth-inhibitory effects of
transforming growth factor f3 (TGF-Ii). Recent studies have identified
TGF-fi type II receptor (RI!) mutations in a subset of cancers, including
colon cancer. To evaluate the expression of TGF-fi Rh in premalignant
intestinal adenomas and the relationship with cell cycle regulation, we
investigated the expression ofTGF-fJ RU, cydlin Dl, and cyclin-dependent
kinase 4 (Cdk4) in Min/+ mouse intestinal adenomas. Immunohistochem
Istry Indicated that TGF-fi RI! cytoplasmic immunoreactivity was wide
tectable in the proliferative crypt zones of the normal small intestinal and
normal colonic epithelium but was abundant toward the villus tips of the
normal small intestine and the lumenal third ofthe colonic glands. As was
observed in the proliferating crypt zones, TGF-@ RU immunoreactivity
was dramatically decreased or undetectable in all adenomas examined in

comparison to the abundant levels in adjacent normal differentiated
Intestinal epithellum. TGF-$ Rh mRNA was also reduced in the adeno
alas in comparison to normal mucosa as determined by reverse transcrip
tion-PCR. In an inverse distribution to TGF-@3RH, Cdk4 nuclear immu
noreactivity was restricted to the crypt regions of the small and large
intestine, whereas cydin Dl immunoreactlvity was uniformly absent in
normal intestinal epithelium. For both cyclin Dl and Cdk4, protein and
mRNA levels were increased in intestinal adenomas but not in normal
intestinal epithelium as determined by immunohistochemistry, in situ
hybridization, and reverse transcription-PCR. In summary, the lack of
TGF-@RU expression was associated with increased cydin Dl and Cdk4
expression in Min/+ mouse intestinal adenomas. We hypothesize that the
former may enable tumor cells to escape from the normal growth-con

straining influence of TGF-fi, whereas the latter promotes inappropriate
cell proliferation and adenoma progression.

Introduction

A hallmark of TGF-f33 function is the inhibition of proliferation of
various cell types, including cells from epithelial, endothelial, and

hematopoietic lineages. TGF-@ interacts with a specific set of cell
surface receptors to elicit cellular responses. Most mammalian cells

possess three types of TGF-(3 receptors, RI, Ru, and RIll. TGF-@3RI
and Ru contain cytoplasmic serine/threonine kinase domains and are
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Care Center at Vanderbilt University. Twenty-nine intestinal adenomas and
15 adjacent normal intestinal samples were obtained from the small and
large intestine of 15 Min/+ mice for the immunohistochemical analysis.
The samples were immediately fixed in 4% paraformaldehydeand embed
ded in paraffin. Seven pairs of intestinal adenomas and adjacent normal
intestinal samples were obtained from six Min/+ mice for total RNA
extraction and RT-PCR analysis. The samples were snap-frozen and stored
in liquid nitrogen.

mc ofMin/+MouseIntestinalTissues.Histologicalsections(5 @m)
were affixed to glass slides, dewaxed,andrehydrated.The sections were then
incubated in 1% hydrogen peroxide for 15 mm at 25Â°Cto quench endogenous
peroxidase activity. After being blocked in 1.5% normal horse/goat serum for
30 mm at 25Â°C,the serial sections were incubated with one of the following
primary antibodies, respectively: (a) rabbit anti-TGF-@3MI polyclonal anti
body (Santa Cruz Biotechnology, Inc., Santa Cruz, CA); (b) mouse anti-cyclin

Dl monoclonalantibody(NovocastraLaboratoriesLtd.,NewcastleuponTyne,
United Kingdom); and (c) rabbit anti-Cdk4 polyclonal antibody (Santa Cruz
Biotechnology, Inc.) for 18 h at 4Â°C.The biotinylated secondary antibodies
and horseradish peroxidase-conjugated anti-biotin antibody (Vectastain ABC
peroxidase kits; Vector Laboratories, Inc., Burlingame, CA) were respectively
applied to the sections. The peroxidase activity was visualized by the appli
cation of 3,3'-diaminobenzidine chromogen. The sections were then counter
stained with hematoxylin, dehydrated, cleared, and mounted. The sections
wereexaminedandphotographedon anOlympusAH Vanoxlightmicroscope.
The visual images were captured by Nikon scanning system (Nikon Inc.,
Melville, NY) and reproduced using Adobe Photoshop software (Adobe Sys
tems Inc., Mountain View, CA).

Rigorous negative controls were applied to delineate the possibilities of
false-positive responses from either endogenous peroxidase or antibodies.

Normal mouse or rabbit IgG (Pierce Inc., Rockford, IL), normal horse or goat
serum (Vectastain ABC-peroxidase kits), or PBS alone was respectively ap
plied to the sections to substitute for primary antibody. PBS was also used as
a substitute for secondary antibodies.

Histopathological Assessment ofMin/+ Mouse Intestine. Serial sections
from each block were stained with H&E for morphological examination.
Histopathological dysplasia in the adenomas was classified as low-grade
dysplasia or high-grade dysplasia according to the WHO criteria, as we have
described previously (17), by a pathologist (L. L.) who was unaware of the
results of the IHC, in situ hybridization, and RT-PCR.

In Situ Hybridization. In situ hybridization was performed to detect the
mRNA expression and distribution of Cdk4 and cyclin Dl in normal intestine
and tumor tissues of Min/+ mice. Briefly, 5-@.tmsections were deparaffinized
and rehydrated.After refixationin 4% paraformaldehyde,the sections were
treated with 20 @tg/mlproteinase K (Sigma Chemical Co., St. Louis, MO) for

10 mm at 37Â°C,followed by 0.1 M triethanolaminecontaining0.5% (v/v)
acetic anhydride for 20 mm at 25Â°C.Sense or antisense strands of 35S-labeled
UTP-labeled cyclin Dl and Cdk4 riboprobes were generated using T3 or Ti
RNA polymerases. The hybridization solution consisted of 1X Denhardt's
solution [0.5 MNaCl, 0.1 MTris-HC1(pH 7.5), 20 mMEDTA, 0.02% Ficoll,
0.02% polyvinyl pyrrolidone, and 0.02% BSA], 40% formamide, 10%dextran
sulfate, 10 mM DTT, 20 pg/mi tRNA, and iO@cpm of radiolabeled probe.
Hybridization was carried out at 55Â°C for 16 h. After hybridization, the

sections were washed in 5X SSC containing 10 mM @3-mercaptocthanoland
2X SSC containing 50% formamide and 20 mM j3-mercaptoethanol, respec
tively. After treatment with 20 @.&g/mlRNase A (5 prime-3 prime, Inc.,
Boulder, CO), sections were dehydratedwith graded alcohols, coated with
nuclear emulsion (Eastman Kodak, Rochester, NY), and exposed in the dark at
4Â°Cfor 2â€”3weeks. After photographicdevelopment,the sections were coun
terstained with toluidine blue and examined using the same microscope and
techniques as described for IHC.

RT-PCR. Seven adenomasandpairedspecimensof grossly normalintes
tinewerecollectedfromsix Min/+ mice, andtotalcellularRNA was extracted
according to the method of Chomczynski and Sacchi (21). First-strand cDNA
was generated using 10 @tgof total RNA as template. Random hexamer (3 @M)
and RNase H-reverse transcriptase (Perkin-Elmer, Branchburg, NJ) were used
to create a standard RT reaction. Amplification was performed in 50 pi of PCR
mixture containing 10 mM Tris-HC1, 50 mM KC1, 1.5 mM MgC12, 0.01% (w/v)
gelatin, 0.25 nmi of each deoxynucleotide triphosphate, 2.0 units of AmpliTaq
polymerase (Perkin-Elmer), and 0.4 @Mof each primer. The primers used for

amplification ofcyclin Dl were 5'-CTGACACCAATCTCCTCAACGAC and

3'-GCGGCCAGGTFCCACTFGAGC; primers used for amplification of Cdk4
were 5'-ATGGGACGGTGTACAAAGCCCG and 3'-CCAAAGTCAGC
CAGCTI'GACGG. Two pi of cDNA template were added to the reaction
systems. Rat @3-actinprimers 5'-TFGTAACCAACTGGGACGATATGG and
3'-GATCTI'GATCTTCATGGTGCTAGG were also added to each reaction to
insure the integrity and equality of the cDNA template. Rat (3-actincDNA and
water were used as template in parallel reactions as positive and negative
controls. Thermocycling was performed at 94Â°Cfor 1 mm, 55Â°Cfor 45 s, and
72Â°Cfor 2 mm, repeated 30 times, and followed by a final extension at 72Â°C
for 7 mm. The PCR products (10 pi) were then resolved by electrophoresis on
a 1.5% Tris-borate EDTA agarose gel. A lOO-bpladder (Promega, Madison,
WI) was used as a size standard.The gel was stainedwith ethidiumbromide
and then photographed. The size of the amplicons generated by PCR were:
cyclin Dl, 410 bp; Cdk4, 430 bp; TGF-f3RII, 450 bp; and rat @3-actin,764 bp.
In a separate experiment, total RNAs from each sample were used as templates
for the amplification of cyclin Dl, Cdk4, and TGF-f3 Rh by PCR without
performing the RT reactions. This procedure will detect the false positive PCR
amplicons from the trace genomic DNA that may remain in the total cellular
RNA samples.

Results

Histopathological Assessment of MinI+ Mouse Intestine. Mul
tiple H&E-stamned sections of the 29 intestinal adenomas and 15
adjacent normal intestinal samples were examined. Sixteen adenomas
contained low-grade dysplasia, and 13 adenomas contained high
grade dysplasia. No invasive carcinomas were found. The adjacent
normal intestinal mucosa was histologically unremarkable.

Immunohistochemical Analysis. The sections incubated with
PBS, normal mouse/rabbit IgG, or normal horse/goat serum as sub
stitutes for antibodies were all negative for TGF-j3 RIb, cyclin Dl, or
Cdk4 immunostaining (data not shown).

Normal Intestine. Abundant cytoplasmic immunostaining of
TGF-@ RI! was found in the epithelial cells along the villus of
small intestine, and the staining intensity was increased toward the
villus tips (Fig. 1A). TGF-@3RI! immunoreactivity was also abun
dant in the lumenal third of the colonic epithelium (Fig. 1B).
TGF-fJ RI! expression was not detectable in the crypt region of the
small intestine or in the lower two-thirds of the colonic glands. In
contrast, Cdk4-positive staining was predominantly restricted to

the nuclei of cells in the lower third of the colonic crypts, with
scattered Cdk4-positive cells in the middle third of the colonic

gland (Fig. 1C). In the normal small intestinal epithelium, Cdk4
immunoreactivity was restricted to the crypts. No Cdk4-positive
cells were identified in the villus epithelium outside the crypt area
in the small intestine or in the upper third of the colonic crypts and
the surface epithelium in the colon (Fig. 1, C and D), as we have
reported previously (17). In our serial sections, areas with Cdk4
immunoreactivity were uniformly negative for TGF-/3 RI! immu

noreactivity. Thus, the distribution of Cdk4 immunoreactivity was

the opposite of that for TGF-@3RI!. Cyclin Dl immunoreactivity
was not detectable in normal small or large intestinal epithelium, as
we have reported previously (17).

Intestinal Adenomas. TGF-j3 RI! protein was either undetect
able or very weakly stained in all of the areas with adenomatous
change, but clearly positive cytoplasmic immunoreactivity was
detected in the adjacent morphologically normal glands (Fig. bE).
Fig. lF shows the H&E-stained adjacent section corresponding to
Fig. 1E. TGF-@3RI! was decreased or absent (Fig. 1, G and 1) in
adenomas in which Cdk4 (Fig. 1ff) and cyclin Dl (Fig. If)

immunoreactivity was found to be abundant. The absence of
TGF-f3 RI! immunoreactivity was observed in all adenomas ana
lyzed, and there was no correlation with either low- or high-grade
dysplasia (data not shown). Expression of both Cdk4 and cyclin Dl
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Fig. 1. TGF43 Rh, cyclin Dl, and Cdk4 IHC on Min/+ mouse normal intestine and intestinal adenomas. A, abundant cytoplasmic immunostaining of TGF-(3RU is present in the
epithelial cells along the villi of normal small intestine and shows increasing immunoreactivity toward the lumenal tips of villi (arrows). B, TGF-p RH-positive staining is present in
the epithelium of the upper third of colonic mucosa (arrows) but is not detectable in the bottom two-thirds of colonic mucosa. C, Cdk4-positive staining is restricted to the nuclei of
cells in the crypt region of normal small intestine (arrows). D, Cdk4-positive staining is uniformly observed in the bottom third of the crypt in colon (arrow), whereas scattered
Cdk4-positive cells are found in the epithelium of the middle third of colon mucosa. E, TGF-p RI! expression is hardly detectable in the area with adenomatous change, but clearly
positive staining is seen in the adjacent normal gland epithelium (arrows). F, H&E serial section corresponding to E. G and H, TGF-@RH and Cdk4 immunostaining on the serial
sections. TGF-@ RH is not detectable in the adenomatous area, whereas abundant Cdk4 expression is detected in the same adenomatous area, but the adjacent morphological normal
gland is not stained (H, arrow). I and J, TGF-@3811and cycin Dl immunostaining on the serial sections. No TGF-@RH immunostaining is detected in the adenomatous area (I), whereas
abundant cyclin Dl nuclear staining exists in the same adenomatous area.

was increased in all the adenomas but not in the normal epithelium
immediately adjacent to adenomatous epithelium (Fig. 1, H and f),

as we have reported previously (17). Cyclin Dl was not detectable
in normal intestine, but epithelial cells with cyclin Dl-positive
nuclear staining were found abundantly in adenomatous areas (Fig.

lf), and the ratio of cyclin Dl-positive cells was correlated with
the degree of dysplasia in the adenomas, as reported recently (17).

In Situ Hybridization. To investigate the spatial expression and
distribution of Cdk4 and cyclin Dl mRNA in the intestine, we

performed in situ hybridization studies on Min/+ mouse normal
intestine and adenomas. In support of our IHC results, signals for
both Cdk4 and cyclin Dl mRNAs were increased in the focal areas
with adenomatous change as compared to the adjacent normal
epithelium (Fig. 2). The cyclin Dl and Cdk4 mRNA expression
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Fig. 2. Cdk4 and cyclin Dl mRNA in situ hy

bridization on Min/+ mouse intestine. A (dark-field
view) and B, Cdk4 mRNA in situ hybridization in
an adenomatous area and adjacent normal glands.
Abundant Cdk4 mRNA expression is detected in
the adenomatous area but not in the adjacent normal
glands (arrow). C, cyclin Dl mRNA in situ hybrid
ization in an adenomatous area and adjacent normal
epithelium. D and E, amplification of the boxed
areas in C. Abundant cyclin Dl mRNA expression
is detected in the adenomatous area (E) as compared
to that in the adjacent normal epithelium (D). F
(dark-field view), cyclin Dl in situ hybridization in
normal colon shows that cyclin Dl mRNA expres
sion is present in the normal colon. G, Cdk4 in situ
hybridization in normal colon shows Cdk4 mRNA
expression is present in the normal colon at a rela
lively low level.

â€œ:â€¢@.-$â€˜@@ @.. I .
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patterns in normal intestine differed somewhat from the distribu
tion of protein as determined by IHC. In contrast to the absence of
cyclin Dl immunoreactivity, cyclin Dl mRNA was readily detect
able in both normal colon (Fig. 2F) and the small intestine (data
not shown). Cdk4 mRNA levels were also detectable in both the
normal colon (Fig. 2G) and small intestine (data not shown);
however, unlike the restricted distribution of immunoreactivity,
there was no apparent gradient of expression of Cdk4 mRNA from
crypt to villus tip (small intestine) or surface epithelium (colon).

No specific signals were detectable on the negative-control sec
tions hybridized with each of the sense probes.

RT-PCR Analysis of mRNA Levels. To investigatefurther
whether mRNA levels correlated with protein levels in the intestine,
we performed RT-PCR analysis of total RNA extracted from seven
paired samples of adenomas and grossly normal intestine from six
different Min/+ mice. Consistent with the in situ hybridization results,
Cdk4 mRNA signals were increased in five of seven adenomas, and
cyclin Dl mRNA was increased in six of seven adenomas as com
pared to their matched normal intestine. Consistent with the decrease
in immunoreactivity, TGF-@ RH mRNA was decreased in six of seven
adenomas in comparison with paired normal intestine (Fig. 3). No
amplicons were detected in the negative-control PCR reactions from
any of the total RNA samples when reverse transcriptase was omitted

from the cDNA synthesis reaction with each pair of cyclin Dl, Cdk4,
and TGF-f3 RI! primers (data not shown).

Discussion

Our data indicate that TGF-@ RI! mRNA and protein are expressed
at a much lower level in the intestinal adenomas as compared with the
adjacent normal differentiated intestinal epithelium. The low level of
TGF-/3 RII expression was unrelated to the severity of the dysplasia
within adenomatous areas, with no differences observed between
adenomas with low- or high-grade dysplasia. Our data also demon
strate an inverse relationship between the expression and distribution
of TGF-j3 RI! and Cdk4 in both normal intestine and adenomas. There
was a similar inverse relationship between TGF-@ RI! and cyclin Dl
in the adenomas. As we have reported previously (17), cyclin Dl
immunoreactivity is not detectable in the normal intestinal epithelium.
In the normal gut, TGF-p RI! immunoreactivity was restricted to the
differentiated epithelium along the villus of small intestine and the
upper third epithelium of colonic mucosa, whereas Cdk4 immunore
activity was detected exclusively in proliferating cells in the crypt
regions ofboth small and large intestine. In adenomas, both cyclin Dl
and Cdk4 were abundantly expressed, whereas TGF-f3 Rh immuno
reactivity was essentially undetectable. The in situ hybridization data,
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A regulatory relationship between TGF-@ and cyclin Dl and
Cdk4 has been suggested by several studies in cultured cells.
TGF-@ inhibits epithelial cell proliferation in culture and causes
cell cycle arrest at the mid-to-late G1 phase. TGF-j3l treatment of
mink lung epithelial cells induced suppression of Cdk4 synthesis in
G1, whereas constitutive Cdk4 synthesis in these cells led to
TGF-@l resistance (19). We have previously found in cultured rat

-.500bp intestinalepithelialcells(IEC-6andRIE-1) thatTGF-@3lblocked
G1 progression by suppressing cyclin Dl mRNA and protein
expression, whereas the levels of other D-type cyclins (D2 and D3)
and Cdk4 remained relatively unchanged (18). These studies sug
gest that cyclin Dl and/or Cdk4 are important regulatory targets of

..500bp TGF-f3andthatsuppressionofcyclinDl and/orCdk4expression
may play a crucial role in the growth-inhibitory response to
TGF-f3. Our study provides in vivo evidence to support this hy
pothesis and suggests that increased expression of cyclin Dl and/or
Cdk4 in intestinal adenomas may be related to the lack of TGF-@

-500bp RI!expressionduringearlytumorformation.Thismayleadto
resistance to the growth-inhibitory effect of TGF-fJ and enable
cells to remain in a proliferative state, thereby promoting tumor
progression.

Disruption of the TGF-(3 growth-inhibitory pathway may lead to
uncontrolled proliferation and cellular transformation. This hypothesis
has been reinforced by the observations that many tumor cells become
resistant to the growth-inhibitory effect of TGF-@3(4, 26, 27). Rat
intestinal epithelial cells transformed in culture with an activated
H-ras oncogene exhibit decreased TGF-@l binding to TGF-j3 RI! and
resistance to the growth-inhibitory effects of TGF-(3 (26, 28). Pro
gression of cultured colon adenoma cells to a tumongenic phenotype
is accompanied by a reduced responsiveness to the growth-inhibitory
effects of TGF-@ (29, 30). Because TGF-@ production in tumor cells
is often retained (3, 4), inactivation of TGF-3 receptors, especially
RI!, may be a critical step in tumor progression in the intestine.
Inactivating mutations of the TGF-j3 Rh gene have been identified in
a high proportion (71â€”90%)of coborectal cancers in patients with
hereditary nonpolyposis coborectal cancer and in sporadic coborectal
cancers with microsatellite instability, which may account for up to
15% of all cases of coborectal cancer (7, 31â€”33).Stable transfection of
the wild-type TGF-(3 RII into a RII-negative TGF-(3-resistant colon
carcinoma cell line (HCT-l 16) restored the sensitivity of the cells to
TGF-@ treatment and was accompanied by reduced tumorigenicity in
cell culture and in athymic mice (34). Mutations of genes encoding
proteins necessary for TGF-@3 signal transduction have also been
identified in cancers of the human pancreas and colon (8, 9, 35). We
found that TGF-@ RI! expression is reduced in adenomatous tissues
relative to normal differentiated intestinal epithelium. This may mdi
cate that the expression of TGF-(3 RH in the adenomas is selected
against during the formation of adenomas. An alternative explanation
may be that adenomas arise from the proliferating cells in the crypt
that fail to induce TGF-@ RI! as would normally occur in differenti
ated epithelium.

The present studies suggest that the loss of normal APC function
that results in intestinal adenoma formation (1 1, 36) is accompanied
by either a suppression of TGF-f3 RI! expression or a failure to induce
TGF-j3 RI!, with concurrent increases in the levels of Cdk4 and cyclin
Dl in adenoma cells. Our present report showing a lack of TGF-@3RI!
expression in intestinal adenomas is consistent with the findings of
Oshima et a!. (37), who report a similar paucity of TGF-(3 RI!
immunoreactivity in intestinal adenomas from Apc'@716knockout
mice. Taken together, these studies suggest that loss of TGF-f3 RI!
expression is a common event in colorectal tumorigenesis and may
coincide with either Apc mutation or DNA mismatch repair defects.
These alterations may contribute to the failure of adenomatous cells to

A
MouseNo. 1 2 3 4

I 1 1 I I I I I
NTNTNTNT

Cdk4
Fig. 3. TGF-f3 RIl, cyclin Dl, and Cdk4 mRNA expression in Min/+ mouse intestinal

adenoma (7) and paired normal intestine (N) detected by RT-PCR. A, TGF-(3RII, cyclin
Dl, and Cdk4mRNAexpressionin intestinefrommice 1â€”4.Comparedto the paired
normal intestine, TGF-@RI! mRNA levels are decreased in the tumor samples from mice
1, 3, and 4; cyclin Dl mRNA levels are increased in the tumor samples from all four mice;

and Cdk4 mRNA levels are increased in the tumor samples from mice 1, 3, and 4. B,
TGF-@3 RI!, cyclin Dl, and Cdk4 mRNA expression in intestine from mice 5 and 6.

Compared to the paired normal intestine, TGF-13 RI! mRNA levels are decreased in all
three tumor samples. Cyclin Dl mRNA levels are increased in one of the two tumor
samples from mouse 5 and in the tumor from mouse 6; Cdk4 mRNA levels are increased
in one of the two tumor samples from mouse 5 and in the tumor from mouse 6. RT-PCR
amplicon size: cyclin DI, 410 bp; Cdk4, 430 bp; TGF-@3RH. 450bp; f3-actin,764 bp. Bars,
25 jun.

along with the RT-PCR results, revealed that increased cyclin Dl and
Cdk4 mRNA levels coincided with the increased respective protein
levels in the intestinal adenomas.

It is well known that cyclin Dl and Cdk4 are important cell
cycle-regulatory proteins. D-type cyclins (Dl, D2, and D3) are ex
pressed during the G1 phase and regulate G1 progression by associ
ation with their major catalytic partner, Cdk4 or Cdk6. Cyclin Dl has
been implicated as an oncogene in several types of cancers, including
colon cancer (22â€”24),and amplification-associated overexpression of
Cdk4 has also been observed in some cultured tumor cell lines (25).
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TGF.j3 RI!. CYCLIN Dl, AND Cdk4 IN INTESTINAL ADENOMAS

exit the cell cycle (17) as should normally occur during the process of
intestinal epithelial differentiation. Our present results support the
hypothesis that TGF-(3 is a tumor suppressor in intestinal cells and

suggest that loss of TGF-j3 RH expression may be a common event in
early intestinal tumorigenesis, well before the malignant phenotype is
expressed.
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