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ampullary tumour that lost the expression of hMLH1 showed
positive staining for Smad4.

Expression of p53 protein

Overexpression of the p53 protein was detected in the
nuclei of 14 of the 27 small intestinal adenocarcinomas,
including three of the four cases complicating Crohn’s
disease.

In malignant ampullary tumours, overexpression was seen
in five of the 14 cases. There was no overexpression of p53
protein in tumours immunonegative for hMLHI.

On the contrary, overexpression of p53 protein was present
in three of five small intestinal adenocarcinomas and in one
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Figure 1 hMLH1 immunostaining of
adenocarcinoma of the small intestine.
One case positive on (A) large standard
section and (B) tissue microarray
section; one case negative on (C) large
section and (D) tissue microarray.

of two malignant ampullary tumours with loss of staining for
Smad4.

Expression of b catenin

In normal small intestinal epithelium, B catenin was
expressed exclusively on the plasma membrane, with no
nuclear positivity. Cytoplasmic positivity, without nuclear
staining, was found in most of the small intestinal
adenocarcinomas (25 of 27). Exclusive nuclear staining was
seen in the two other tumours (7.4%). Cytoplasmic positivity
with no nuclear staining was seen in 13 of the malignant
ampullary tumours, and exclusive nuclear staining was seen
in one case.

Figure 2 Smad4 immunostaining.

(A) Normal smalll intestinal

mucosa showing strong positivity.
Adenocarcinoma of the small intestine:
(B) strongly positive case, (C) case with
mild focal positivity, and (D) negative
case.
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Comparison between small intestinal
adenocarcinomas and malignant ampullary tumours
There was no difference between these two groups of
tumours regarding the immunohistochemical results
(hMLH1, hMSH2, hMSH6, Smad4, p53, or B catenin).

Relation between the immunohistochemical pattern
and the clinicopathological features of the tumours
The results are presented in detail for Smad4 (table 1) and
p53 (table 2). There was no significant relation between the
expression of the proteins tested on immunohistochemistry
and the clinicopathological features of the tumours (tumour
site, T and N stage, and presence of Crohn’s disease).

DISCUSSION

Primary adenocarcinomas of the small intestine are rare
compared with those occurring in the colon.'” The average
annual incidence rate of this cancer using information
collected in the USA by SEER (Surveillance, Epidemiology
and End Results) between 1973 and 1990 was 3.7/million.”
Fifty percent of all small intestinal adenocarcinomas occur in
the duodenum,' > especially in the second portion, in areas
adjacent to the ampulla of Vater.* This observation may
implicate bile as a small bowel carcinogen at this site.” *
Moreover, there is an association between cholecystectomy
and small intestinal and proximal colon cancers, which
decreases with increasing distance from the common bile
duct.”* Other theories have been proposed to explain the
relatively low incidence of this cancer, such as the rapid
turnover of the epithelial cells, the rapid transit time reducing
exposure to luminal carcinogens, an immunological protec-
tive local IgA mediated mechanism, and the relative sterility
of enteric contents converting bile salts into carcinogens.”
Crohn’s disease is a well recognised risk factor for small
intestinal carcinoma, but the anatomical distribution of small
intestinal adenocarcinomas complicating Crohn’s disease is
different from those appearing in the general population,
with an ileal predominance.” **

We used TMA technology to investigate the expression of
proteins potentially involved in small intestinal carcinogen-
esis. This technology allowed us to process all our samples on
a single slide, thus assuring identical experimental condi-
tions. Nevertheless, the amount of tumour analysed was
considerably reduced and might not be representative of the
protein expression patterns of the entire tumour. Most
validation studies published in the literature suggest that
threefold redundancy is highly representative of colon cancer
sections. Moreover, the validation study carried out in our

Table 1 Relation between Smad4 expression and
clinicopathological features in a series of 27 small
intestinal adenocarcinomas
Smad4+ (n=22)t Smad4— (n=5) p Value
Site* NS
Duodenum 9 (42.9%) 1 (33.3%)
Jejunum 7 (33.3%) 1 (33.3%)
lleum 5(23.8%) 1(33.3%)
T stage NS
Tl 1(4.5%) 0
T2 1(4.5%) 0
T3 13 (59.1%) 2 (40%)
T4 7 (31.8%) 3 (60%)
N stage NS
NO 7 (31.8%) 1 (20%)
N1 15 (68.2%) 4 (80%)
No Crohn’s disease 19 (86.4%) 4 (80%) NS
Crohn’s disease 3 (13.6%) 1 (20%)
*Only 24 tumours were considered for tumour site; tincluding cases that
were diffusely and focally positive.
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Table 2 Relation between p53 expression and
clinicopathological features in a series of 27 small
intestinal adenocarcinomas
p53+ (n=14) p53— (n=13) p Valve

Site* NS

Duodenum 4 (33.3%) 6 (50%)

Jejunum 5 (41.7%) 3 (25%)

iz 3 (25%) 3 (25%)
T stage NS

T 0 1(7.7%)

T2 0 1(7.7%)

73 10 (71.4%) 5 (38.5%)

T4 4 (28.6%) 6 (46.1%)
N stage NS

NO 6 (42.9%) 2 (15.4%)

N1 8(57.1%) 11 (84.6%)
No Crohn'’s disease 11 (78.6%) 12 (92.3%) NS
Crohn’s disease 3 (21.4%) 1(7.7%)
*Only 24 tumours were considered for tumour site.

laboratory on colorectal cancer showed that one core allowed
appropriate classification of 96.7% to 97.1% of cases and three
cores 98.8% to 99.6%.”* Therefore, we chose to analyse three
spots for each tumour in our study. The results of the analysis
of the three cores was similar to those from the whole tissue
section in all cases for the expression of hMLH1 and hMSH2.
We conclude that TMA technology with threefold redun-
dancy adequately represents the immunohistochemical pat-
tern in small intestinal adenocarcinoma.

Few studies have investigated the mechanisms of epithelial
carcinogenesis in the small bowel. A particular pathway
involved in cancer development and progression is charac-
terised by inactivation of the DNA mismatch repair system.
This pattern, which leads to DNA replication errors, is
characteristic of tumours arising in the setting of HNPCC
syndrome, with an underlying germline mutations in the
hMSH2 or hMLHI1 genes.” Patients with HNPCC syndrome
are at an increased risk for extracolonic cancers, including
small intestinal carcinomas,' "' with a cumulative risk of this
particular tumour type estimated at 1%.'" Cancers developing
in HNPCC syndrome are characterised by MSI, which also
occurs in 10-15% of sporadic colorectal tumours and in
sporadic extracolonic cancers, especially in tumours within
the HNPCC spectrum (stomach, endometrium, and urinary
tract). Some series studied the frequency of MSI in sporadic
small intestine adenocarcinomas.”'* ' In these studies, MSI
status had been determined by polymerase chain reaction
amplification of microsatellite markers: Hibi et al/ found MSI
in five of 11 cases," Keller et al in one of five cases,'® Wheeler
et al in one of 21 cases,'* Rashid ef al in two of 15 cases,” and
Bldker ef al in two of 17 cases."” Because immunohistochem-
istry for hMLH1 and hMSH2 proteins provides a sensitive and
specific method for screening for MSI, we studied the
expression of these two proteins. We found a loss of
expression of hMLH1 protein in two of 27 sporadic small
intestinal carcinomas, although there was no loss of hMSH2
or hMSH6. These results are consistent with the report of
Wheeler ef al,"* who also performed immunohistochemistry of
MMR proteins in small intestinal adenocarcinomas: all
tumours stained positive for hMLHI and hMSH2.
Therefore, it seems that MSI and loss of expression of
MMR proteins is a relatively rare event in sporadic small
intestinal adenocarcinomas, with a frequency equal to or
even lower than that seen in sporadic colorectal cancers.
Because we only saw a loss of hMLH1 expression in our
cases, we could hypothesise that the inactivation of the
hMLH1 gene was the result of hypermethylation of the
promoter, as has been demonstrated in colorectal cancer.*
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"“Microsatellite instability and loss of expression of
mismatch repair proteins is a relatively rare event in
sporadic small intestinal adenocarcinomas, with a fre-
quency equal to or even lower than that seen in sporadic
colorectal cancers’’

MSI has been described as a feature of some ulcerative
colitis associated colorectal cancers.”” However, it is only
rarely involved in this setting: Cawkwell et al found neither
MSI by PCR nor loss of hMLH1 and hMSH2 expression
among 33 colorectal carcinomas complicating ulcerative
colitis.”® MSI also seems to be very unusual in cancers
complicating Crohn’s disease, even rarer than in those
occurring in ulcerative colitis.”” However, it should be noted
that these studies only included colorectal carcinomas. In our
limited study of four cases, there was no loss of hMLH1 and
hMSH?2 protein expression.

The molecular genetic alterations present in most sporadic
colorectal adenocarcinomas are well known, and include
activating mutations of the ras protooncogene,” mutation
and deletion of the p53 gene on chromosome 17p, deletion of
the DCC gene on chromosome 18q, and mutation of the APC
gene on chromosome 5q.*' These last events characterise the
loss of heterozygosity pathway of colorectal carcinogenesis.
Alterations in the p53 gene are the most common genetic
event in sporadic small intestinal adenocarcinomas."” ** Our
results are in agreement with these observations; indeed,
overexpression of the p53 gene product was present in 14 of
the 27 tumours. These studies, together with our findings,
support the hypothesis that p53 plays a major role in the
progression of small intestinal adenocarcinomas. In contrast,
allelic losses of the APC and DCC genes are uncommon
events in small intestinal adenocarcinoma.”™" '” Recently, a
high frequency of loss at chromosome 18921 has been shown
in small intestinal adenocarcinomas.” 18q21 is the location
of three putative tumour suppressor genes, DCC,”> SMAD4,*
and SMAD2.>* DNA sequencing for SMAD4/DPC4 revealed
sequence alterations in four of 17 small intestinal carcino-
mas.” The SMAD4 gene, which is often mutated in
pancreatic”® and colon® carcinomas, plays a key role in the
TGFp signal transduction pathway. SMAD4 can be inacti-
vated by intragenic mutation in one allele combined with loss
of the other allele (loss of heterozygosity) or by homozygous
deletions.”” Both genetic alterations lead to a complete
absence of Smad4 labelling in the nucleus and the cytoplasm.
Because loss of Smad4 protein expression has been demon-
strated as a sensitive and specific indicator for SMAD4 gene
alterations,” *> we used this technique to determine the
status of SMAD4 in 27 sporadic small intestinal adenocarci-
nomas, including four cases complicating Crohn’s disease.
We found a loss of immunostaining for the Smad4 protein in
five of the 27 tumours. No case with loss of Smad4 expression
also lost h(MLH1, hMSH2, or hMSH6 expression. These data
are similar to those obtained in colorectal cancer.” No
colorectal cancers with MSI showed loss of Smad4 protein
or SMAD4 gene mutation, although many of the MSI positive
cell lines did carry TGFBIR changes, which is particularly
vulnerable in the case of dysfunction of the MMR system."
On the contrary, the loss of Smad4 protein expression is often
associated with overexpression of the p53 protein. Our study
using TMA technology suggests a role for the SMAD4 gene in
small intestinal adenocarcinoma tumorigenesis, in accor-
dance with the results obtained by Blaker et al."

B Catenin, a protein involved in cell adhesion and in
intracellular signalling, is regulated by the APC protein,
which facilitates its degradation.” When the APC gene is
mutated, B catenin accumulates in the cytoplasm and in the
nucleus. The translocation of B catenin from the cell
membrane to the cytoplasm or nucleus is thought to play a
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Take home messages

o It appears that inactivation of the SMAD4/DPC4 gene
is involved in small intestinal adenocarcinoma tumori-
genesis

® Overexpression of p53 and abnormal expression of
B catenin are two common events in small intestinal
adenocarcinoma

® The loss of expression of the DNA mismatch repair
proteins ("MLH1, hMSH2, and hMSHé) is rare in small
intestinal adenocarcinomas

® |t aprec:rs that the process of tumorigenesis is similar in
small intestinal adenocarcinomas and malignant
ampullary tumours

role in the development of colorectal cancers.”” This translo-
cation is mostly caused by mutations in the APC gene.
However, it seems that a relatively large number of colon
cancers have B catenin mutations, with a wild-type APC
gene.” In our study, nuclear or cytoplasmic expression of
B catenin was present in all specimens, suggesting that it
plays a role in small intestinal carcinogenesis. These data are
in agreement with a previous report."”

We found no significant differences in the expression of
hMLHI1, hMSH2, hMSH6, Smad4, p53, or  catenin proteins
between small intestinal adenocarcinomas and malignant
ampullary tumours. Similar to colorectal carcinoma, there is
an adenoma-adenocarcinoma sequence in malignant ampul-
lary tumours,” and K-ras mutations seem to be involved in
the progression of the disease.** Molecular events in sporadic
ampullary neoplasms also include p53 gene inactivation,
alterations of the SMAD4 gene, and chromosome 5p21 allelic
losses.”” Mutations of the APC gene are not frequent
events.” * Some studies have reported a frequency of about
20% for MSI in this type of cancer.”*>

In conclusion, our immunohistochemical study, which was
the first to make use of TMA for small intestinal adenocarci-
nomas and malignant ampullary tumours, shows that TMA
technology with threefold redundancy adequately represents
the immunohistochemical pattern of these two types of
cancer. The inactivation of the SMAD4/DPC4 gene seems to
be involved in small intestinal adenocarcinoma tumorigene-
sis. Overexpression of the p53 protein and translocation of
f catenin to the nucleus/cytoplasm are two common events.
In contrast, loss of expression of the proteins of the MMR
system is less prominent in the pathogenesis of sporadic
small intestinal adenocarcinomas. Finally, the carcinogenetic
process appears to be similar in small intestinal adenocarci-
nomas and malignant ampullary tumours, as suggested by
Scarpa and Zamboni.>
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