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ABSTRACT

In the two conditions juvenile polyps (JPs) and juvenile
polyposis coli (JPC), colonic polyps may have overlapping his-
tologic and phenotypic appearance, but JPC confers a significant
risk for colon adenocarcinoma. Although not thought to contain
adenomatous polyposis coli (APC) mutations, the status of
B-catenin and full-length APC protein expression in JPs is not
known. We evaluated B-catenin and full-length APC protein
expression in JPs from children with JPs and JPC. Cases were
identified through endoscopic procedure records. Immunohisto-
chemistry was performed for (B-catenin and full-length APC
protein. Loss of heterozygosity at the APC gene locus on chro-
mosome 5 was assessed using two APC-linked microsatellite
markers. Polyp and normal colonic tissue were analyzed from 36
children with JPs and 9 with JPC. Both APC and [-catenin
immunoreactivity were present in epithelial cells from all sam-
ples but in different patterns. In all normal colon and polyp
samples, APC expression was cytoplasmic with maximal immu-

Juvenile polyps (JPs; MIM 174900) are the most common
type of colonic polyp in childhood. The polyps are usually
composed of normal or cystically dilated crypts embedded in
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noreactivity in the goblet cells. In contrast, 3-catenin immuno-
reactivity in epithelial cells was limited to the plasma membrane
in normal colon but was both cytoplasmic and nuclear in all 45
JPs. No evidence of APC gene loss of heterozygosity was found.
In polyps from children with JPs and JPC, nuclear B-catenin
accumulation is a consistent feature, and it is not due to APC
gene mutation or loss of full-length APC protein expression.
Thus, B-catenin accumulation may be intrinsic to the formation
of juvenile-type polyps through an as-yet-undefined mechanism.
(Pediatr Res 57: 4-9, 2005)

Abbreviations
APC, adenomatous polyposis coli
JP, juvenile polyps
JPC, juvenile polyposis coli
LOH, loss of heterozygosity
TGF-B, transforming growth factor-f3

an abundant lamina propria (1). JPs are both histologically and
genetically distinct from colonic adenomas. Whereas a great
deal is known about the genetic progression that occurs during
the adenoma-carcinoma sequence, less is known about the
genetic alterations that occur in JPs.

Inactivation of both adenomatous polyposis coli (APC) al-
leles is thought to be an early event in the adenoma-to-
carcinoma sequence (2). Truncating mutations, loss of het-
erozygosity (LOH), and hypermethylation of APC all would be
expected to lead to loss of full-length APC protein. Thus,
measurement of full-length APC protein can be used to screen
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tissues for the common causes of loss of APC function. One of
the known functions of the normal APC protein is to facilitate
the phosphorylation and degradation of S-catenin (3,4), and
loss of APC function is thought to be responsible for the
nuclear accumulation of B-catenin in colonic adenomas.

The molecular genetics of JPs are less well characterized
than that of adenomatous polyps. Germline mutations in the
SMAD-4 (5), bone morphogenic receptor 1A (6), and PTEN
genes (7-9) have been reported in some but not all kindreds
with multiple JPs (10,11). Neither germline nor somatic mu-
tations in the APC gene have been commonly found in patients
with JPs (12). We examined the status of [-catenin and
full-length APC protein expression in JPs from children with
largely solitary JPs and multiple juvenile polyposis coli (JPC)
JPs in the colon.

METHODS

Patient selection. Patients with JPs were identified through the records of
endoscopic procedures performed at The Children’s Hospital (Denver, CO)
between January 1995 and September 1999 and from Jichi Medical School
(Tochigi, Japan) between April 1996 and September 1998. In all cases,
diagnosis was made from the clinical history, endoscopy, and histopathologic
examination.

Data from follow-up procedures performed during the study period were
included; however, routine follow-up or surveillance procedures were not
conducted in all children. Demographic data were abstracted from the medical
records. Once the required clinical data were obtained, the tissue samples were
de-identified before immunohistochemical or genetic analysis.

Polyp descriptions. One polyp from each patient was used for this study.
The number of polyps was defined as the total number documented, whether
at initial or subsequent procedures. Anatomic description was recorded as
anorectal (distal, 4 cm); rectosigmoid, left-sided when found in the splenic
flexure and/or descending colon, right-sided when found proximal to the
splenic flexure (transverse colon, ascending colon, or cecum); and pan-colonic
when found both distal and proximal to the splenic flexure.

Definition of the conditions JPs and JPC. A JP was defined as a rounded,
largely solitary (1-5) polypoid mass, with typical histologic features of a JP:
crypts lined by mature epithelium and cysts distended with mucin and lined by
nondysplastic epithelium, with lamina propria containing acute and chronic
inflammation, sometimes with hemorrhage and granulation tissue (13). JPC
was defined as the presence of 10 of more JPs or the presence of at least 1 JP
in a first-degree relative of an index case of JPC (14). Familial JPC was defined
as two or more first-degree relatives with JPC.

Tissue samples. Polyp tissue was obtained from 45 children with JPs, 36
unrelated patients with JPs, and 9 children from 7 different families with JPC.
Samples of polyps and adjacent normal mucosa from all patients were
analyzed.

Tissue preparation and antigen retrieval. APC and B-catenin immunohis-
tochemistry was performed on formalin-fixed, paraffin-embedded tissue using
an antigen retrieval protocol as previously described (15). Serial sections (5
um) were cut, deparaffinized in Hemo-D (Fisher Scientific, Houston, TX) and
rehydrated in a series of graded alcohol:water solutions. Slides were then
immersed in a 10X citrate buffer solution (Biogenex, San Ramon, CA) diluted
1:10 in distilled water and placed in a pressure cooker that contained water.
Slides were microwaved for 20 min at high power, allowed to cool, then
washed in Tris-buffered saline [TBS; 0.05 M of Tris and 0.15 M of NaCl (pH
7.6)].

Full-length APC immunohistochemistry. APC immunohistochemistry was
performed using a rabbit polyclonal anti-APC antibody that recognizes the last
20 amino acids of the C-terminus of the human APC protein (Santa Cruz
Biotechnology, Santa Cruz, CA) and an avidin/biotin/immunoperoxidase
method (15). After antigen retrieval, endogenous peroxidase activity was
blocked by treating sections with 3% hydrogen peroxide in methanol for 10
min. Endogenous biotin was blocked with the Avidin/Biotin Blocking Kit
(BioGenex) before incubation in Powerblock (BioGenex) diluted 1:10 in TBS

that contained 1% BSA (Sigma Chemical Co., St. Louis, MO) and 0.05%
Tween 20 (Sigma Chemical Co.) (TBX) for 15 min. Albumin was added to
Power Block reagent to reduce the nonspecific background staining. Sections
were then incubated for 1 h with a rabbit polyclonal anti-APC antibody diluted
1:200 (1 wg/mL) in TBX followed by washing in TBS (3X 5 min) and then
incubated with biotinylated goat anti-rabbit IgG (Zymed, San Francisco, CA)
diluted 1:200 in TBX for 30 min. After washing with TBS (3X 5 min), the
Vectastain ABC kit (Vector Laboratories, Burlingame, CA) was used for
detection with diaminobenzidine tetrahydrochloride (Biogenex) as the sub-
strate. Negative control sections of each sample were incubated with 5 pwg/mL
of nonimmune rabbit IgG (Zymed) in place of a rabbit polyclonal anti-APC
antibody. The specificity of the anti-APC antibody was also tested by absorp-
tion with a peptide corresponding to the last 20 amino acids of the C-terminus
of human APC protein and by absorption with 1% agarose to exclude
nonspecific binding of the polyclonal antibody to mucin. Slides were lightly
counterstained with hematoxylin, dehydrated, and viewed under a light micro-
scope. Tissues were graded positive for APC when definite brown staining was
present in >10% of the epithelial cells.

B-Catenin immunohistochemistry. -Catenin immunohistochemistry was
performed as previously described using a mouse monoclonal anti—3-catenin
antibody (Transduction Laboratories, Lexington, KY) and an indirect immuno-
alkaline phosphatase method (15). After antigen retrieval as described above,
sections were incubated in Powerblock (Biogenex) diluted 1:10 in TBX for 15
min, followed by incubation with the mouse monoclonal anti—3-catenin anti-
body, diluted 1:50 (5 ug/mL) in TBX for 2 h. Sections were then washed with
TBS (3X 5 min), followed by incubation with the secondary antibody, rabbit
anti-mouse IgG (Dako, Glostrup, Denmark) diluted in PBS that contained 40%
human serum (Gemini, Lexington, CA) for 30 min. Sections were then washed
with TBS (3X 5 min) and incubated with an alkaline phosphatase—mouse
anti-alkaline phosphatase complex [3.6 U/mL of alkaline phosphatase (Sigma
Chemical Co.), 1% BSA, and 10% RU6 mouse antibody (Tissue Culture/
Monoclonal Antibody Core Facility, University of Colorado Cancer Center,
Denver, CO) in 0.05 M of Tris (pH 8.7)] for 1 h followed by signal detection
using the substrate new fuchsin (Sigma Chemical Co.). Negative control
sections of each sample were incubated with 1 pg/mL of nonimmune mouse
IgG (Dako) in place of the anti—(3-catenin antibody. Slides were then counter-
stained with hematoxylin, dehydrated, and viewed under light microscope.
Tissues were graded positive for nuclear B-catenin when nuclear immunore-
activity was present in >10% of the epithelial cells.

LOH at APC loci. Cystic epithelium and lamina propria domains were
separated by microdissection of the paraffin-embedded JPs using a sterile
scalpel blade. DNA was extracted and purified using ethanol, Gene Releaser
(Murfeesboro, TN), and proteinase K. The DNA was then amplified using
32P-labeled primers targeting the microsatellites D5S346 and D5S107, both
surrounding the APC gene locus on chromosome 5. The PCR products were
electrophoresed on a 6% polyacrylamide gel, dried, and exposed via a phos-
phorimager screen (Molecular Dynamics, Sunnyvale, CA).

Statistical analysis. Statistical analyses were performed using Statistical
Analysis System (SAS) Version 6.13. Mann-Whitney test was used for com-
parisons of continuous variables between groups. A p < 0.05 was considered
significant.

The study was approved by both the Colorado Multiple Institutional Review
Board and the Jichi Medical School Review Board. Informed consent was not
required.

RESULTS

During the study period, 45 children with colonic JPs were
identified: 9 (20%) had JPC and 36 (80%) had JPs. The mean
age was 5.2 = 3.2 y (range 1.0-17.0). The children with JPs
were on average younger than those with JPC (64% of the JP
group were <5 y of age compared with 11% of the JPC group;
p < 0.05). There were no differences in gender or ethnicity
between the two groups.

Rectal bleeding was a presenting complaint in almost all
children (98% of JPC and 100% of JPs). As expected, children
with JPC had more polyps than those with JPs (median 17



6 IWAMOTO ET AL.

versus 1.4, respectively; p = 0.003). Of the nine children with
JPC, five had 10 or more polyps. The other four children with
JPC had <10 polyps but were relatives of index cases with
JPC. Polyps were confined to the left side of the colon (ano-
rectal, rectosigmoid, or descending) in 96% in the JP group,
whereas all nine children with JPC had a pan-colonic distribu-
tion of polyps. The mean symptom duration (7-8 mo) was
similar in both the JP and JPC groups.

APC immunohistochemistry. APC immunoreactivity was
present in =80% of cells from normal colonic tissue from all
45 samples (Fig. 1A). Maximal APC immunoreactivity was
present in the cytoplasm of goblet cells but was absent from the
mucus vacuoles. It is not clear why full-length APC is maxi-
mally expressed in the goblet cell lineage, but this is the same
pattern that we have reported in adult colonic mucosa (15).
APC immunoreactivity was present at all levels of the colonic
crypt, with similar staining intensity along the length of the
crypt. There were no major differences in the pattern of APC
immunoreactivity between samples from the proximal and
distal colon. The overall pattern of APC immunoreactivity is
similar to that reported in the normal colonic mucosa of adults
(15). No immunoreactivity was present in sections that were
treated with nonimmune rabbit IgG, in place of the anti-APC
antibody (negative control). The APC immunoreactivity was
totally absorbed by incubation with the immunizing peptide,
but no loss of staining was observed after absorption with 1%
agarose.

Abundant APC immunoreactivity was present in the epithe-
lial cells of all 45 JPs examined (Fig. 2A and C). No APC
immunoreactivity was present in cells of the stroma. No stain-
ing was observed when nonimmune rabbit IgG was used in
place of the anti-APC antibody (Fig. 2E). There was no
difference in the pattern or intensity of the APC immunoreac-
tivity between polyps from children with JPs and those with
JPC (Fig. 3A and O).

B-Catenin immunohistochemistry. In the normal colon,
B-catenin expression was predominantly localized to the
plasma membrane at all levels of the colonic crypt (Fig. 1B).
No nuclear 3-catenin was seen in cells at any level of the crypt.
There was no significant difference in [3-catenin staining pat-
tern between the proximal and distal colonic mucosa. This
pattern of immunoreactivity was seen in all 45 samples of the
normal colon examined and is similar to that previously re-
ported in the normal mucosa of adults (15).

In all 45 of the JPs, abundant 3-catenin immunoreactivity
was present in both the cytoplasm and the nucleus of epithelial
cells (Fig. 2B and D). The cytoplasmic and nuclear 3-catenin
immunoreactivity was present in >80% of the epithelial cells
in 42 (93%) of 45 (Fig. 2D) and in ~50% of the epithelial cells
in 3 (7%) of 45 (Fig. 2B). There was no difference in the
B-catenin staining pattern in the polyps from children with JPs
compared with JPC (Fig. 3B and D). No staining was observed
when nonimmune mouse IgG was used in place of the anti—
B-catenin antibody (Fig. 2F).

APC LOH. Adequate epithelial and normal tissue was ob-
tained to analyze 15 of the JPs for LOH at the APC locus. The
15 samples included 9 JPs and 6 JPC polyps. LOH at the APC
locus was not detected in any of the samples (Fig. 4). Two of

Figure 1. Immunohistochemical staining of normal colonic tissues adjacent
to a JP using a rabbit polyclonal anti-APC antibody (A; brown chromogen) and
a mouse monoclonal anti—3-catenin antibody (B; red chromogen). (C) Nega-
tive control for APC using the rabbit polyclonal anti-APC antibody absorbed
with the C-terminal 20—amino acid peptide of APC. (D) Negative control for
B-catenin using an isotype-specific irrelevant mouse MAb. (A) Maximal APC
immunoreactivity is present in the cytoplasm of goblet cells. (B) B-catenin
immunoreactivity is predominantly localized to the plasma membrane without
nuclear accumulation. Magnification: X20. All slides were counterstained with
hematoxylin.

the polyps showed evidence of microsatellite instability at the
APC locus.

DISCUSSION

In this article, we report evidence of common dysregulation
of [B-catenin in the epithelial cells of JPs from children with
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Figure 2.

Immunohistochemical staining of a JP using a rabbit polyclonal anti-APC antibody (A and C; brown chromogen) and a mouse monoclonal

anti—B-catenin antibody (B and D; red chromogen). APC immunoreactivity is present in the cytoplasm of epithelial cells of the JPs (A and C), whereas 3-catenin
immunoreactivity is present in both the cytoplasm and the nucleus of the epithelial cells (B and D). No immunoreactivity is present in negative control slides
that were stained with nonimmune rabbit IgG (E) and nonimmune mouse IgG (F). Magnification: X40 in A and B; X20 in C-F; X60 in insets in A-D. All slides

were counterstained with hematoxylin.

both single or few (JP) and multiple (JPC) JPs. JPs are hamar-
tomas that have a distinctive composition of nondysplastic-
appearing epithelial cells, with mucus filled and cystically
dilated glands embedded in an inflamed-appearing lamina pro-
pria. The epithelial cells of some JPs undergo dysplastic or
adenomatous transformation (14), and dysplastic changes are
seen more commonly in JPC than in JPs (16).

Some families with JPC have germline mutations in the
SMAD-4 gene (17), which codes for a transcription factor that
mediates the regulatory activity of transforming growth fac-
tor-B (TGF-B) (5). TGF-B is normally an antiproliferative
factor for epithelial cells. Therefore, biallelic loss of SMAD-4
function might lead to unregulated growth of the affected cells.
Other germline mutations linked to familial JPC include the
PTEN gene, which codes for a phospholipid and phosphopro-
tein phosphatase (7,8), and the bone morphogenic receptor 1A
gene, which codes for a serine threonine kinase receptor (a
member of the TGF-f3 receptor SMAD superfamily) (6). Nei-

ther the biochemical consequences of these germline mutations
nor the other somatic mutational events that occur in JPs are
fully known.

Nuclear f-catenin accumulation occurs commonly in co-
lonic adenomas (15), where it is thought to be due to biallelic
loss of APC function (2,18). In adenomas, dysregulation of
B-catenin is thought to be integral to the process of carcino-
genesis by leading to activation of the Tcf/Lef transcription
factor and increased transcription of pro-proliferative genes
such as myc and cyclin D1. We have now demonstrated the
same type of dysregulation of (-catenin in the nondysplastic
epithelial cells of JPs, but in this case, it seems to be indepen-
dent of loss of APC function because abundant full-length APC
protein is present in the epithelial cells, no evidence of APC
LOH was found, and a previous study of one family did not
find APC mutations in JPs (12). Thus, -catenin accumulation
independent of APC occurs commonly in JPs, and it could be
one of the earliest steps in the development of JPs.
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Figure 3. Immunohistochemical staining of a polyp from a child with JPC and from a child with a JP using a rabbit polyclonal anti-APC antibody (A and C;
brown chromogen) and a mouse monoclonal anti—3-catenin antibody (B and D; red chromogen). APC immunoreactivity is present in the cytoplasm of epithelial
cells of the JPC (A) and JP (C), whereas B-catenin immunoreactivity is present in both the cytoplasm and the nucleus of the epithelial cells (B and D).

Magnification: X100.

Our B-catenin immunohistochemical results are somewhat
different from the only previous report of B-catenin localiza-
tion in JPs. Back ef al. (19) found focal nuclear accumulation
of [B-catenin in all six polyps from patients with JPC and in
four of seven solitary JPs. The authors concluded that APC
gene mutations could, in theory, explain their finding of nu-
clear 3-catenin in polyps from patients with juvenile polyposis
but noted that APC mutations were not commonly found in
hamartomas. Our results strongly suggest that the nuclear
accumulation of B-catenin in JPs is not due to biallelic inacti-
vation of the APC gene, because abundant full-length APC
protein was present in all of the JPs examined and no evidence
of LOH of APC was detected in any of the JPs tested. The
possibility that B-catenin accumulation may be independent of
APC is based on the presence of full-length APC protein
expression in the polyps. The common genetic (truncating
mutations, LOH) and nongenetic (methylation) alterations of
APC that have been identified in colonic neoplasia all would be
expected to lead to loss of full-length APC protein expression.
However, we did not evaluate nontruncating APC mutations
that could theoretically account for the observed nuclear accu-
mulation of B-catenin (20). This should be evaluated in future
studies.

It is not clear why we observed more consistent, more
diffuse, and stronger nuclear B-catenin staining than that re-
ported by Back et al. (19), but it could be due to technical
differences in the immunohistochemical protocols. Both stud-
ies used a similar antigen retrieval protocol and the same
anti—(3-catenin antibody, but it is possible that differences in
fixation, antibody concentrations, or other reagent differences
could have caused different intensity of staining. The absence
of nuclear immunoreactivity in the normal mucosa in our study
suggests that the nuclear staining in the JPs is evidence of

genuine dysregulation of (-catenin in the polyps and not a
technical artifact.

Nuclear accumulation of 3-catenin may also occur in Peutz-
Jeghers hamartomas. Back er al. (19) found focal nuclear
staining in 12 Peutz-Jeghers polyps. APC mutations have not
been found in Peutz-Jeghers polyps; thus, this is probably also
a non—APC-mediated dysregulation of 3-catenin. It is interest-
ing that Herter ef al. (21) did not find nuclear B-catenin in six
Peutz-Jeghers polyps, again suggesting technical variability in
B-catenin immunohistochemical protocols. Another report
showed scattered cells with nuclear 3-catenin accumulation at
the base of normal murine colonic crypts that do not have APC
mutations (22). Thus, there are now several examples of
nuclear B-catenin accumulation in normal and neoplastic co-
lonic mucosa that is not dependent on APC gene mutations.
The non-APC mechanisms that are responsible for 3-catenin
accumulation in hamartomas remain to be determined.

The stromal elements of JPs have classically been thought to
be the site of abnormal growth control in hamartomas. The
landscaper hypothesis was proposed to explain the develop-
ment of dysplasia and cancer in the epithelial component of
hamartomatous polyps (23). According to the landscaper hy-
potheses, an abnormal stroma affects the development of the
nearby epithelial cells in a manner that predisposes to dysplasia
(24). Our observation of the universal presence of nuclear
B-catenin in the epithelial component suggests that either the
landscaper effect occurs early and diffusely in JPs or that the
landscaper hypothesis is incorrect and the epithelial component
is abnormal from the onset. The latter interpretation is sup-
ported by the recent detection of allelic loss of SMAD-4 in
both the epithelial and stromal components of polyps from
patients with familial JPC as a result of SMAD-4 germline
mutations (24). This suggests a common clonal origin of both
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Figure 4. LOH analysis at the APC locus in JPs. Three domains from each
of seven polyps were microdissected, from which DNA was extracted and
amplified at two loci associated with APC: D5S107 (A) and D5S346 (B).
Domains 1 and 2 from each polyp are from cystic epithelium, and domain 3
was taken from the lamina propria. Lane 4-2 did not amplify in either gel.
There was no evidence of LOH at the APC gene locus from six of the polyps,
with cystic epithelium from sample 5-2 demonstrating microsatellite instability
(J.C., unpublished observation). In sample 7-2, LOH is not fully excluded at
D5S107, but this is extremely unlikely as a result of the expression of
full-length APC within the epithelium of this polyp, the presence of both
alleles in D5S346, and an uncharacteristic pattern of LOH preceding APC
mutation on the opposite allele. Thus, the allele change in 7-2 (D5S107) likely
represents microsatellite instability, not LOH. Domains were compared for the
presence of both alleles, with the lamina propria considered the normal tissue.
In all 15 polyps examined, the lamina propria alleles matched those alleles of
one of the epithelial domains microdissected.

compartments in JPs rather than a landscaper effect (24).
B-Catenin accumulation seems to be a universal and an early
event in JPs, in a manner similar to that found in adenomatous

polyps (25).

CONCLUSION

In summary, we report evidence that nuclear accumulation
of [(-catenin occurs in the epithelial component of JPs in
children with both JPs and JPC. The mechanism for the
dysregulation of [3-catenin is not known but seems to be
independent of inactivation of the APC gene, because abundant
full-length APC protein is present in the epithelial cells of JPs
and there is no evidence of LOH of APC in the polyps.

Acknowledgments. Professor Ken Saito, Department of Pa-
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