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Cyclooxygenase-2 (COX-2), human synovial inflam-
matory secreted phospholipase A2 (sPLA2) and cy-
toplasmic phospholipase A2 (cPLA2) are involved in
eicosanoid production and also seem to participate
in colorectal tumorigenesis. As there are no data
regarding these enzymes in human small bowel tu-
mors, we wanted to determine whether they were
involved in human small bowel tumorigenesis, and
whether their expression was different in small
bowel compared to colorectal adenocarcinomas, as
suggested by animal studies. We studied their pro-
tein expression by immunohistochemistry in 25
small bowel adenocarcinomas and compared it to
48 colorectal adenocarcinomas. Seventy-six percent
of the small bowel and 88% of the colorectal adeno-
carcinomas had a moderate or strong COX-2 ex-
pression. Sixty-eight percent of the small bowel and
67% of the colorectal adenocarcinomas had a mod-
erate or strong sPLA2 expression. Forty-eight per-
cent of the small bowel and 35% of the colorectal
adenocarcinomas had a moderate or strong cPLA2
expression. In conclusion, the increased expression
of COX-2, sPLA2, and sometimes cPLA2 in both
small bowel and colorectal adenocarcinomas is in
accordance with the likely eicosanoid involvement
in tumor development. The same pattern of protein
expression found in both types of adenocarcinoma
contradicts experimental results in mice. Moreover,

our results strengthen the similarities between
these two types of human cancer.
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Primary adenocarcinomas of the small bowel are
rare although the small intestine constitutes almost
90% of the mucosal surface of the digestive tract.
They are more frequent in the duodenum, followed
by jejunum and ileum. Familial adenomatous pol-
yposis, hereditary nonpolyposis colorectal cancer
(HNPCC) syndrome, Peutz-Jeghers syndrome,
Crohn’s disease, cystic fibrosis, and cholecystec-
tomy increase the risk of small bowel cancer (1, 2).
Although 50 times less frequent, small bowel ade-
nocarcinoma share most of the risk factors and the
adenoma-carcinoma sequence with colorectal ade-
nocarcinoma (3). Molecular studies showed that
some genes (such as K-ras and p53) involved in
colorectal adenocarcinoma are altered in the same
way and same frequency in small bowel adenocar-
cinoma (4–6). However, some studies suggested
that adenocarcinoma of the small bowel could have
a somewhat different genetic pathway compared to
colorectal adenocarcinoma, particularly with re-
spect to the apc gene mutation or allelic loss (4, 7,
8).
Besides these classical genes, several enzymes

involved in eicosanoid production also seem to be
involved in colorectal tumorigenesis, particularly
cyclooxygenase-2 (COX-2) and some phospho-
lipases A2 (inflammatory secreted PLA2 or Type IIA
PLA2 and cytoplasmic PLA2 or Type IV PLA2).
COX-2, sPLA2, and cPLA2 participate in eicosanoid
production, particularly prostaglandin E2 (PGE2),
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which seems involved in intestinal tumor develop-
ment (9–11).

PLA2 activation releases free arachidonic acid
from membrane phospholipids. Then, COX
changes free arachidonic acid into prostaglandin
H2 that is further converted into a variety of pros-
taglandins by different prostaglandin synthases.
Several different PLA2 are expressed in human
cells, including cytosolic PLA2 (cPLA2) and inflam-
matory secretory PLA2 (sPLA2) (12). cPLA2 prefer-
entially hydrolyses sn-2 arachidonic acid that is the
limiting substrate of COX for prostaglandin produc-
tion. On the contrary, sPLA2 is not specific for
phospholipids, having an arachidonic acid at the
sn-2 position but also seeming to be involved in
prostaglandin production (13).

In human colorectal tumors, several studies
showed that COX-2, sPLA2, and cPLA2 could be
involved in tumor development. First, COX-2 is ex-
pressed in response to growth factors and cytokines
(14), and is overexpressed in most colorectal ade-
nocarcinomas and adenomas (15–17). Treatment
with selective COX-2 inhibitors leads to a signifi-
cant reduction in the number of colorectal polyps
in familial adenomatous polyposis (18). Second,
sPLA2 is overexpressed in colorectal adenomas in
familial adenomatous polyposis (19), although the
only study published so far showed no changes in
sPLA2 expression in colorectal adenocarcinomas
(20). Finally, cPLA2 was shown to be moderately
overexpressed in colorectal cancer in two studies
(20, 21). Whereas COX-2, sPLA2, and cPLA2 expres-
sion was studied in human colorectal tumors, it has
never been studied in human small bowel tumors.
However, these enzymes (COX-2, sPLA2, and
cPLA2) have been studied in small bowel tumor
development in animal models.

In these models these enzymes seem to be in-
volved in small bowel tumor development but
some differences are observed between small bowel
and colorectal tumorigenesis. First, in animal mod-
els of familial adenomatous polyposis, COX-2 is
overexpressed in both colon and small bowel ade-
nomas. Moreover, COX-2 knockout or treatment
with selective COX-2 inhibitors results in a reduc-
tion or suppression of intestinal polyposis (22–24).
Second, in the Min mouse animal model, which
develops mainly small bowel adenomas, expression
of sPLA2 leads to a resistant phenotype, with devel-
opment of only a few polyps (25). Finally, cPLA2
was shown to be overexpressed in small bowel ad-
enomas and not in colonic adenomas, and knock-
out of cPLA2 dramatically modified small bowel
polyp development but not colonic polyp develop-
ment in these models (26, 27).

In this study, we wanted to determine whether
COX-2, sPLA2, and cPLA2 could be involved in hu-
man small bowel tumorigenesis, and whether their

expression could be different in small bowel ade-
nocarcinomas compared to colorectal adenocarci-
nomas, as suggested by animal studies. As the ge-
netic pathway of tumor development, and
especially the presence of microsatellite instability,
also influences the expression of some of these
enzymes (28, 29), we studied COX-2, sPLA2, and
cPLA2 protein expression in a series of human
small bowel adenocarcinomas without microsatel-
lite instability and compared it to a series of human
colorectal adenocarcinomas having the same ge-
netic phenotype.

MATERIALS AND METHODS

Small Bowel Adenocarcinomas
Twenty-five formalin-fixed, paraffin-embedded

tumors were studied. These tumors belonged to an
original series of 34 non-familial, non-ampullary
primary adenocarcinomas of the small bowel se-
lected from the pathology files of Saint-Antoine,
Rothschild and Beaujon Hospitals from 1988 to
2001. All samples were surgical resections. In order
to have primary and non-familial cancers, we ex-
cluded patients with pre- or coexisting malignancy,
and patients having a familial adenomatous polyp-
osis or fulfilling Amsterdam’s diagnostic criteria for
HNPCC syndrome. In this series of 34 tumors, six
tumors fixed with Bouin’s fixative were excluded
because immunostaining failed in these samples.
To have an homogeneous group of tumors accord-
ing to carcinogenesis, we also excluded three cases
with microsatellite instability. Finally, 15 male and
9 female patients with a mean age of 56 years
(range, 37–84 y) presented with adenocarcinoma of
the duodenum (n � 11, 44%), jejunum (n � 8, 32%),
and ileum (n � 6, 24%). Four patients had Crohn’s
disease and one patient had two intestinal tumors.
Thirteen tumors were well differentiated (52%), 6
moderately differentiated (24%), and 6 poorly dif-
ferentiated (24%). None of the tumors had a muci-
nous histology, and one tumor (4%) had an adeno-
matous component. Twenty-two tumors (88%)
were Stage T3 or T4 according to the TNM classifi-
cation (30). Fourteen patients had lymph node me-
tastases (56%) and three patients had distant me-
tastasis (12.5%).

Colorectal Adenocarcinomas
These 25 small bowel adenocarcinomas were

compared with 48 paraffin-embedded colorectal
adenocarcinomas without microsatellite instability.
These tumors belonged to a series of colorectal
cancers selected from the pathology files of Saint-
Antoine hospital. All samples were surgical resec-
tions. To have non-familial cancers, we excluded
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patients having a familial adenomatous polyposis
or fulfilling Amsterdam’s diagnostic criteria for
HNPCC syndrome. Tumors with microsatellite in-
stability were excluded for this study.

Thirty-one male and 17 female patients with a
mean age of 65.5 years (range 28–93) presented
with adenocarcinoma of the left colon (n � 20,
41.7%), right colon (n � 18, 37.5%), or rectum (n �
10, 20.8%). Thirty-eight were well differentiated
(79.2%), 7 moderately differentiated (14.6%) and 3
poorly differentiated (6.2%). Three tumors had a
mucinous histology (6.25%), and 9 tumors had an
adenomatous component (18.75%). Thirty-seven
(77%) tumors were stage T3 or T4 according to the
TNM classification (30). Eighteen patients had
lymph node metastases (37.5%), and 5 patients had
distant metastasis (10.4%).

Microsatellite Instability Assessment
Microsatellite phenotype was determined by

polymerase chain reaction (PCR) at six microsatel-
lite loci and immunohistochemistry. Five loci be-
longed to the reference panel (BAT25, BAT26,
D2S123, D5S346, D17S250) and the sixth locus was
an alternative loci (Type II transforming growth
factor � receptor) according to the National Cancer
Institute Workshop on microsatellite instability
(31). Cancers showing electrophoretic shifts at two
or more loci were considered as having microsatel-
lite instability. We also assessed microsatellite in-
stability by immunohistochemical evaluation of
hMLH1 and hMSH2 protein expression (anti-
human MLH1 monoclonal antibody, clone G168–
728, 1/70, BD Pharmigen, and anti-human MSH2
monoclonal antibody, clone FE-11, 1/100, Onco-
gene Research Products) (32). A loss of hMLH1 or
hMSH2 protein expression was observed in all the
tumors with microsatellite instability and in none
of the tumors without microsatellite instability as-
sessed by PCR.

Immunohistochemistry
COX-2 and cPLA2 protein expression was studied

by immunohistochemistry on the whole series of
small bowel and colorectal adenocarcinomas.
sPLA2 protein expression was evaluated on the 25
small bowel adenocarcinomas and on 27 colorectal
adenocarcinomas.

Consecutive 4-�m tissue sections were deparaf-
finized in xylene and rehydrated in graded alcohol
dilutions. Immunolabeling was performed using an
avidin-biotin-peroxidase technique (Vectastain
ABC Kit, Vector, Burlingame, CA). The following
antibodies were used: (1) COX-2 mouse anti-
human monoclonal antibody (Cayman Chemical,
Ann Arbor, MI) at a dilution of 1/500; (2) cPLA2

mouse monoclonal antibody (sc454, Santa-Cruz
Biotechnology, Santa-Cruz, CA) at a dilution of
1/100; (3) sPLA2 (human synovial) rabbit polyclonal
antiserum (Cayman Chemical, Ann Arbor, MI) at a
dilution of 1/200. Before immunostaining, endoge-
nous peroxidase activity was inhibited with 0.1%
hydrogen peroxide in methanol for 30 minutes. Mi-
crowave antigen retrieval was performed for cPLA2
and COX-2 immunostaining (750 W during 15 min-
utes, then 150 W during 15 minutes in citrate buffer
(0.01 mol/L, pH 6)). Color development was
achieved with 3-amino-9-ethyl-carbazole, and sec-
tions were finally counterstained with hematoxylin.
Negative controls included omission of the primary
antibody and antibody preadsorption with its cog-
nate blocking peptide for cPLA2 and COX-2 or pu-
rified protein for sPLA2 (Fig. 1).

Superficial positive interstitial cells were used as
internal control for COX-2 staining. Labeled Paneth
cells were used as internal control for sPLA2 stain-
ing (33). A colon carcinoma overexpressing cPLA2,
assessed by Western blot and immunohistochem-
istry, was used as positive external tissue control for
cPLA2 staining (Fig. 2).

Assessment of Stains
COX-2 immunostaining was evaluated by one au-

thor (DW). sPLA2 and cPLA2 immunostainings
were independently evaluated by two authors (DW,

FIGURE 1. Immunostaining controls (200�). COX-2 immunostaining
(A) without and (B) with antibody preabsorption. sPLA2
immunostaining (C) without and (D) with antibody preabsorption.
cPLA2 immunostaining (E) without and (F) with antibody
preabsorption.

132 Modern Pathology



JFF). Any tumor with a different final assessment
was re-evaluated by a consensus review. Inter ob-
server agreement between the two readers was ex-
cellent for both sPLA2 (weighted kappa � 0.89) and
cPLA2 (weighted kappa � 0.93).

The extent of staining was graded as follows: 0,
staining in �1% of tumor cells; 1, staining in 1 to 20%
of tumor cells; 2, staining in 20 to 50% of tumor cells;
3, staining in �50% of tumor cells. The overall inten-
sity of staining was also assessed as follows: 0, no
staining; 1, weak staining; 2, moderate staining; 3,
strong staining. The final score (range from 0 to 9) was
obtained by multiplying the extent of staining with
the intensity. When the final score was 0, we consid-
ered that there was no expression. A final score rang-
ing from 1 to 3 defined a weak expression, a final
score of 4 or 6 defined a moderate expression, and a
final score of 9 defined a strong expression.

Statistical Analysis
Interrater agreement for sPLA2 and cPLA2 was

estimated by the weighted kappa. Distributions of
protein expression levels were compared using the
Fisher exact test. All tests were two sided and con-
sidered significant if the P value was �.05. Compar-
isons were made using the R-software.

RESULTS

Small Bowel Adenocarcinomas
Protein expressions of COX-2, sPLA2, and cPLA2

in the 25 primary small bowel adenocarcinomas are
summarized in Table 1 and Figure 4.

COX- 2 Expression in Small Bowel
Adenocarcinomas

See Figure 3, A–B. Most tumors had a moderate
or strong COX-2 expression (76%; Table 1, Fig. 4).

COX-2 staining was mostly located in tumor cells
and was always cytoplasmic (Fig. 3A). Intense pos-
itive superficial interstitial cells were always
present, even in tumors with no COX-2 expression
in cancerous cells and were therefore used as inter-
nal positive control.

In the adjacent normal mucosa, there was often a
weak or moderate COX-2 staining (Fig. 3B). In the
four cases associated with Crohn’s disease the ad-
jacent mucosa had a moderate COX-2 expression.

sPLA2 Expression in Small Bowel
Adenocarcinomas

See Figure 3, C–D. Most tumors had a moderate
or strong sPLA2 expression (68%; Table 1, Fig. 4).
sPLA2 staining was always located in the tumor
cells and was cytoplasmic and granular (Fig. 3C).

FIGURE 3. COX-2, sPLA2, and cPLA2 protein expression in small
bowel adenocarcinomas and in the adjacent normal mucosae (100�).
COX-2: A, strong immunostaining in a small bowel adenocarcinoma
and (B) weak to moderate immunostaining in the adjacent normal
epithelial cells. sPLA2: C, strong immunostaining in a small bowel
adenocarcinoma and (D) labeled Paneth cells (arrows) in the adjacent
normal mucosa. cPLA2: E, strong immunostaining in a small bowel
adenocarcinoma with a basal reinforcement (arrows) and (F) weak
immunostaining in the adjacent normal epithelium cells and
muscularis mucosae.

TABLE 1. COX-2, sPLA2, and cPLA2 Protein Expression

in the 25 Small Bowel Adenocarcinomas

Absent Weak Moderate Strong

COX-2 2 (8%) 4 (16%) 6 (24%) 13 (52%)
sPLA2 4 (16%) 4 (16%) 10 (40%) 7 (28%)
cPLA2 7 (28%) 6 (24%) 7 (28%) 5 (20%)

FIGURE 2. cPLA2 positive external control. cPLA2 immunostaining in
the colonic normal mucosa (A) and the tumoral tissue (B) in a case
chosen as positive external control, and the corresponding Western blot
analysis (C).
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The stroma was always negative even when the
tumor was ulcerated.

A strong sPLA2 staining was observed in the Pan-
eth cells and in the lamina elastica of arteries in the
normal tissue as previously described (Fig. 3d) (33).
There was no or only a very weak sPLA2 expression
in the epithelial cells of the normal adjacent mu-
cosa. In the four cases associated with Crohn’s dis-
ease the adjacent mucosae had a moderate sPLA2
expression.

cPLA2 Expression in Small Bowel
Adenocarcinomas

See Figure 3, E–F. A moderate or strong cPLA2
expression in tumors was observed in 48% of the
cases (Table 1, Fig. 4). In tumors, cPLA2 staining
was observed in tumor cells and in rare superfi-
cial interstitial cells. These superficial interstitial
cells were often located within an ulcerated area.
When present, cPLA2 staining in tumor cells was
cytoplasmic and granular with a basal intensifi-
cation (Figs. 1E and 3E).

cPLA2 staining was observed in the smooth
muscle of the muscularis propria and the muscu-
laris mucosae and in rare endothelial cells. There
often was a weak staining of normal epithelial
cells (Fig. 3F), which was also observed in the
adjacent mucosa of the four cases associated with
Crohn’s disease.

In the small bowel adenocarcinomas, there was
neither association between COX-2 and cPLA2 ex-
pression (P � .22), nor between COX-2 and sPLA2
expression (P � .62) nor between cPLA2 and sPLA2
expression (P � .23).

Colorectal Adenocarcinomas
Protein expression of COX-2, sPLA2, and cPLA2 in

colorectal adenocarcinomas are summarized in Ta-
ble 2 and Figure 4.

Immunostainings had the same pattern as in the
small bowel adenocarcinomas.

Most colorectal adenocarcinomas had a mod-
erate or strong COX-2 expression (87.5%), a
moderate or strong sPLA2 expression (66.6%). A
moderate or strong cPLA2 expression was seen in
only 35.4% of the colorectal adenocarcinomas
(Table 2, Fig. 4). In the colorectal adenocarcino-
mas, there was neither association between
COX-2 and cPLA2 expression (P � .99), nor be-
tween COX-2 and sPLA2 expression (P � .44) nor
between cPLA2 and sPLA2 expression (P � .19)

FIGURE 4. Distribution of COX-2, sPLA2, and cPLA2 protein expression in the small bowel and colorectal adenocarcinomas. The statistical analysis
compared the protein expression between the small bowel and colorectal adenocarcinomas.

TABLE 2. COX-2, sPLA2, and cPLA2 Protein Expression

in the Colorectal Adenocarcinomas

Absent Weak Moderate Strong

COX-2 0 (0%) 6 (12.5%) 19 (39.6%) 23 (47.9%)
sPLA2 4 (14.8%) 5 (18.5%) 14 (51.9%) 4 (14.8%)
cPLA2 18 (37.5%) 13 (27.1%) 11 (22.9%) 6 (12.5%)

COX-2 and cPLA2 protein expression was evaluated on the 48 samples.
sPLA2 protein expression was evaluated on 27 samples.
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Comparison between Small
Bowel Adenocarcinomas and
Colorectal Adenocarcinomas

There was no significant difference in COX-2
(P � .157), sPLA2 (P � .67), and cPLA2 (P � .73)
protein expression between small bowel and colo-
rectal adenocarcinomas (Fig. 4).

DISCUSSION

This is the first study that focused on COX-2, sPLA2,
and cPLA2 expression in human primary small bowel
adenocarcinomas. This retrospective series is rela-
tively large considering the very low incidence of this
disease. This series also has the main characteristics
usually described in this type of cancer: the frequent
duodenum involvement, the presence of Crohn’s dis-
ease in some cases, a higher incidence in the fifth and
sixth decade, and a frequent advanced clinical stage
at the time of diagnosis (1).

The increased expression of COX-2, sPLA2, and
sometimes cPLA2 that we observed both in small
bowel and colorectal adenocarcinomas in our study
is in accordance with the likely PGE2 involvement
in tumor development since a co-ordinate activa-
tion of these enzymes seems necessary to produce
prostaglandins (34, 35). However, an increased pro-
tein expression does not necessarily indicate an
important activation or increased function. There-
fore further investigations with functional studies
on tumor cells are necessary.

We observed a moderate or strong COX-2 expres-
sion in most small bowel adenocarcinomas as in colo-
rectal adenocarcinomas. Numerous animal studies
and some human studies suggest that selective COX-2
inhibitors could be, as classical NSAID, effective in
preventing colorectal tumor development (18, 36, 37).
Our results in small bowel adenocarcinomas suggest
that selective COX-2 inhibitors could be possible can-
didates for preventing this type of tumor.

Small bowel adenocarcinomas resemble colorec-
tal adenocarcinoma with regard to risk factors and
the adenoma-carcinoma sequence (1, 3). In our
series of small bowel adenocarcinomas, we found
almost the same pattern of COX-2, sPLA2, and
cPLA2 expression as in the series of colorectal ad-
enocarcinomas that we studied concomitantly.
Thus, although adenocarcinomas of the small in-
testine could have a somewhat different genetic
pathway compared with colorectal adenocarcino-
mas (8), we showed that they are alike with regard
to COX-2, sPLA2, and cPLA2 protein expression.

Our results are somewhat different from experi-
mental results in mice. Indeed, two studies suggested
that cPLA2 expression is involved in small bowel
tumor development but not in colonic tumor devel-
opment (26, 27). In our study, we observed cPLA2

overexpression in 48% of the small bowel adenocar-
cinomas and in only 35% of the colorectal adenocar-
cinomas. Although cPLA2 over expression could pref-
erentially mediate small bowel tumor development,
this difference in cPLA2 expression we observed was
not significant (P � .73). Regarding sPLA2, this dis-
crepancy between animal model results and human
disease is also observed in our study. Indeed, in the
Min mouse model of familial adenomatous polyposis,
mutations in the sPLA2 gene with a low sPLA2 expres-
sion correlate with an increased tumor number sug-
gesting a protective effect of sPLA2 expression on
small bowel and colorectal tumor development (25,
38). In contrast, in human familial adenomatous pol-
yposis, sPLA2 expression does not appear to modify
the severity of the disease (39, 40). Moreover, an in-
creased sPLA2 expression was found in colorectal ad-
enomas of familial adenomatous polyposis patients
(19). In accordance with this last result, we also found
a strong sPLA2 expression in most small bowel and
colorectal adenocarcinomas. Moreover, in the four
cases of small bowel adenocarcinomas associated
with Crohn’s disease the adjacent mucosa had a mod-
erate sPLA2 expression, whereas in the other cases the
adjacent mucosa had no or only a very weak sPLA2
expression. This result is also in accordance with pre-
vious results (41).

In conclusion, our study showed that human pri-
mary adenocarcinomas without microsatellite in-
stability have the same pattern of COX-2, inflam-
matory secreted PLA2 and cytoplasmic PLA2
protein expression as colorectal adenocarcinomas:
COX-2 is overexpressed in most tumors, sPLA2 is
frequently overexpressed and cPLA2 is sometimes
overexpressed. In contrast with experimental re-
sults in mice, cPLA2 overexpression does not seem
to be preferentially observed in small bowel tumors
in humans. These results suggest that eicosanoid
production could be involved in small bowel tumor
development in the same way as in colorectal tu-
mor development. However, an increased protein
expression does not necessarily indicate an impor-
tant activation or increased function. Therefore,
further investigations with functional studies on
tumor cells are necessary.
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