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SUMMARY Human small intestine accounts for 75% of the gastrointestinal (GI) length but
for only 1–5% of GI tumors. The reason remains as yet unclearly understood. Our study was
designed to examine whether increased apoptosis and expression of related genes/proteins,
especially those of the Bcl-2 family, contribute to this difference. For this purpose, 77 sam-
ples from patients were examined by terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling and immunohistochemistry, including 40 cases from normal small intestine
(jejunum), 7 cases from jejunum and ileum adenocarcinomas, and 30 cases from normal colon.
The results showed that a significantly higher level of enterocyte apoptosis was observed in
normal small intestine compared with small intestinal adenocarcinomas and normal colon
(median of apoptotic index, 15.2% vs 0.1% and 1.6%, p,0.01). A similar pattern was observed
for Bax (expression-positive, 77.5% vs 28.6% and 53.3%, p,0.05) but not for Bcl-2 (42.5% vs
42.9% and 46.7%, p.0.05) or Bax/Bcl-2 ratio (percent of samples having a ratio $1, 45.0% vs
14.3% and 36.7%, p.0.05). In conclusion, increased apoptosis and expression of Bax, not Bcl-
2 or the Bax/Bcl-2 ratio, may play some role in the relatively lower incidence of human small
intestinal carcinomas. However, more studies are required for a better understanding of
these changes. (J Histochem Cytochem 57:1139–1148, 2009)
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ALTHOUGH HUMAN SMALL INTESTINE represents 75% of the
length and over 90% of the mucosal surface of the ali-
mentary tract, it is the site of only ?2% of malignant
tumors of the entire gastrointestinal (GI) tract (Brueckl
et al. 2004; Singhal and Singhal 2007). Adenocarci-
noma is the most common histological subtype, ac-
counting for ?40% of all malignant small intestinal
tumors. The infrequent occurrence of small intestinal
tumors is accompanied by nonspecific clinical symptoms
when compared with malignancies of the stomach and
colon (Singhal and Singhal 2007). Apoptosis, the major
physiological mechanism of cell death, plays important
roles in the maintenance of homeostasis in tissues. De-
creased apoptosis disturbs the balance between cell
proliferation and cell death, leading to the increased sus-
ceptibility to occurrence of tumors (Thompson 1995;

Melino 2001). It is likely that increased apoptosis in hu-
man small intestine, especially the jejunum and ileum,
may contribute to the decreased occurrence of tumors.
Identifying the specific genes that are responsible for
this difference may provide a new approach to the
treatment of GI tumors.

Apoptosis is controlled by a large number of genes
acting as death switches. Among them, the most crucial
regulators are members of the Bcl-2 gene family. Bcl-2
was originally discovered as a chromosomal transloca-
tion in B-cell follicular lymphoma. It has the ability to
block a wide variety of apoptotic signals (Adams and
Cory 1998), and its expression has been reported in
such neoplasms as breast, prostate, and thyroid carci-
noma, and small-cell and large-cell carcinoma (LaPoint
et al. 2007) of the lung. It has been validated that Bcl-2
can block the release of cytochrome C, a factor that is
necessary for the activation of caspases that mediate
apoptosis (Rosse et al. 1998).

Bax was the first protein to be isolated that showed
homology with Bcl-2 throughout two highly conserved
regions. It is also considered the representative pro-
apoptotic protein/gene of the Bcl-2 family. Gene products
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of the Bcl-2 family can form homo- and heterodimers
with each other. Bax can dimerize with itself or with
Bcl-2 and, when overproduced, Bax homodimers pro-
mote apoptosis. In contrast, when Bcl-2 is in excess,
Bcl-2 homodimers predominate and cells are protected
from death (Oltvai et al. 1993). The ratio of Bax to
Bcl-2 expression represents a cell death switch, which
determines the life or death of cells in response to an
apoptotic stimulus; an increased Bax/Bcl-2 ratio de-
creases the cellular resistance to apoptotic stimuli, lead-
ing to increased cell death and reduced incidence of
tumors (Vaskivuo et al. 2002).

Given the very limited number of experimental stud-
ies on apoptosis in human small intestinal adenocarci-
noma, especially from the jejunum and ileum, our
study was designed to determine whether the increased
apoptosis protects the human small intestine from the
occurrence of cancers.

Materials and Methods

Patients and Tissue Sections

A total of 77 patients treated at our department (Peking
University Third Hospital, Beijing, China) in the period
January 2003 to September 2007 were included in our
study, either hospitalized or treated on an outpatient
basis, with a diagnosis indicating approximately nor-
mal or adenocarcinomas in the locations of small intes-
tine (jejunum and ileum) and colon through clinical,
biochemical, and pathological diagnosis, as well as
radiodiagnosis and colonoscopy. This included patients
who fulfilled the following criteria: (1) The specimens
from small intestine (jejunum and ileum) or large in-
testine (colon) could be obtained through intubation
of double-contrast small intestinal radiography or
double-balloon enteroscopy, colonoscopy, or surgery
that was only for carcinomas; (2) specimens that could
only be acquired from duodenum, cecum, or rectum
were excluded; and (3) absence of the following dis-
eases, including any malignancy except for small intes-
tinal adenocarcinomas: cardiovascular diseases, chronic
pulmonary diseases, cerebrovascular diseases, rheuma-
tological diseases, and serious renal diseases.

Our research was approved by the Peking University
committee on human experiments and was carried out
in accordance with the Helsinki Declaration. The final
77 specimens included 40 cases of normal jejunum
mucosa, 7 cases of small intestinal (jejunum and ileum)
adenocarcinomas, and 30 cases of normal colonic mu-
cosa. The ages of patients with normal small intestine
varied from 25 to 77 years (mean, 49.9 years). The
clinical and pathological characteristics of patients with
small intestinal carcinomas are described in detail in
the Results section. Some formalin-fixed and paraffin-
embedded (FFPE) tissue sections were provided by the
pathology laboratory of the Gastroenterology Depart-

ment, Peking University Third Hospital. All fresh tis-
sues were fixed immediately in 10% neutral buffered
formalin for 24 hr, dehydrated in ethanol, cleared in xy-
lene, and embedded in paraffin blocks. Four-micron-
thick representative tissue sections were cut, mounted
on poly-lysine-coated slides, and dried at 60C in an
oven for 1 hr before use.

Materials

Materials for the terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling (TUNEL) staining
assay, including the in situ cell death detection kit, pro-
teinase K, and DNase I, were purchased from Roche
Molecular Biochemicals (Mannheim, Germany). Mono-
clonal anti-Bax Ab-1, specially prepared for immunohis-
tochemistry (IHC), was obtained from Lab Vision
(Fremont, CA). Monoclonal anti-Bcl-2 was from Sigma
(Saint Louis, MO), and a 1:600 dilution was used for
IHC staining. The Ultravision detection system anti-
mouse horseradish peroxidase/DAB was supplied by
Lab Vision. Poly-L-lysine, phosphate-buffered saline
(PBS) buffer, and all other routine reagents were from
Zhongshan (Beijing, China). For the antigen retrieval
of IHC, a microwave oven operating at a frequency of
2.45 GHz with six power level settings was used at the
highest power setting (720 W).

TUNEL Staining

To identify the apoptotic cells in paraffin sections,
TUNEL staining was carried out strictly according to
the manufacturer’s instructions using in situ cell death
detection kits. Briefly, paraffin sections were dewaxed
and rehydrated through xylene and an alcohol series.
The permeability of cell membranes was increased by in-
cubating the sections in 50 ml proteinase K (10 mg/ml)
at 37C for 10 min. They were then incubated with 50 ml
terminal deoxynucleotidyl transferase buffer at 37C
for 60 min in a moist chamber after three rinses with
PBS buffer. Incorporated fluorescein was detected im-
mediately and directly by fluorescence microscopy. The
sections that were pretreated with DNase I (3000 U/ml)
served as positive control, and the sections stained with-
out deoxynucleotide substrate served as negative control.

For each specimen, cells with positive nuclei staining
from five to ten microscopic fields (3400) were counted.
The total number of glandular cells was counted using
light microscopy and 3400 magnification. Data were
expressed as apoptotic index (AI), which is the mean
of TUNEL-positive cells per microscopic field.

IHC

Paraffin sections were deparaffinized in xylene and re-
hydrated gradually through a series of graded alcohols.
Pretreatment with diluted 3% hydrogen peroxide in
methanol was omitted, following our previous publica-
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tion, which showed that microwave oven heat–induced
antigen retrieval can block the endogenous peroxidase
in paraffin sections (Gao et al. 2008). IHC staining was
performed following the manufacturer’s instructions.
The paraffin sections for positive control were pro-
vided by Lab Vision, and sections for negative control
were identified in our earlier experiments. Another neg-
ative control was obtained by treating tissue sections in
the absence of primary antibodies.

Immunostained sections were evaluated in a blind
fashion by the authors, with the help of a pathologist.
If scoring results diverged, agreement was reached in a
joint session. Immunopositivity was scored from grade
2 to grade 7 by increasing the extent of the grade of im-
munostaining (1, ,25%; 2, 25%–50%, 3, 50%–75%;
4, 75%–100%) through the addition of the staining in-
tensity grade [1 (mild), 2 (moderate), and 3 (strong)
immunoreactivity]. The final grades were expressed as
2–3 (mild or weak), 4–5 (moderate), and 6–7 (strong).

Statistical Analysis

For the AI, the medians and inter-quartile ranges were
described in the three independent groups. For other
variables, including age, sex, original location of biop-
sies, results of radiodiagnosis, colonoscopy, and patho-
logical diagnosis, positive expression of two proteins,
and percent of samples that have a Bax/Bcl-2 ratio
$1 in each group, the data were presented as pro-
portions or ratios. Comparisons between continuous
variables were performed using the Mann-Whitney
non-parametric U test. Comparisons between propor-
tions or ratios were performed using Pearson’s x2 tests,
continuity correction x2 tests, or Fisher’s exact tests,
respectively, depending on the total samples and differ-
ent conditions. For all tests, p,0.05 was considered
statistically significant. The analysis was performed
using SPSS version 13.0 (SPSS, Inc.; Chicago, IL).

Results

Baseline Characteristics of Patients

Seventy-seven patients following the inclusion criteria
were enrolled in our study. The baseline characteristics
of patients are presented, including age, sex, original
location of biopsies, results of radiodiagnosis, colo-
noscopy, and pathologic diagnosis, in Table 1. No sig-
nificant differences were observed in comparison of
demographic data, including age and sex, between the
three groups. For the results of pathological diagnosis,
more mild inflammation appeared in the group of nor-
mal small intestine than in the normal colonic mucosa.
The reason was inferred to be related to the tissues
themselves, although the patients had been controlled
strictly. The seven patients with small intestinal adeno-
carcinomas included five men and two women. The clin-
ical and pathological characteristics were demonstrated,

including gender, age, tumor location, tumor size, depth
of tumor, serosal exposure, tumor nodes metastasis
(TNM) stage, general classification, histological type,
nodal metastasis, and distant metastasis (Table 2).

Cell Apoptosis: Significant Increased Level in Normal
Small Intestine

We found that more apoptotic cells (the median is
15.2% and inter-quartile is 20.9% for the AI) were
demonstrated in normal human small intestine than
in small intestinal adenocarcinoma (the median is
0.1% and inter-quartile is 0.4%) or in normal colonic
mucosa (the median is 1.6% and inter-quartile is 12.3%)
(Figure 1). The maximum AI in small intestinal adeno-
carcinoma was no more than 0.9%, whereas the AI
in normal mucosal tissues of the small intestine and co-
lon was 49.9% and 32.8%, respectively (Figures 1, 2B,
3B, and 4B). The number of apoptotic cells was in-
creased significantly in normal human small intestinal
mucosa, compared with small intestinal adenocarci-
nomas (p,0.01) or with normal colonic mucosa (p,
0.01). For the small intestinal adenocarcinomas, very
few positive cells could be observed, and they were
scattered across different microscopic fields (3400)
(Figure 3B). For the normal small intestinal tissues in
which the AI was over 5%, apoptotic cells could be ob-
served in almost all microscopic fields, including the

Table 1 Baseline characteristics of patients

Normal SI
(n540)

SI cancers
(n57)

Normal colon
(n530) p value

Age (years)
$55 17 4 19 .0.05b

,55 23 3 11 —

Sex
Male 18 5 19 .0.05b

Female 22 2 11 —

Location
Jejunum 40 6 —

Ileum — 1 —

Colona
— — 30

Radiodiagnosis
Normal 40 — —

Neoplasma — 7 —

Colonoscopy
Normal — — 22
Polyp — — 8

Pathological diagnosis
Normal 11 — 18 0.006b

Mild inflammation 29 — 12 —

Adenocarcinoma — 7 —

aThirty cases from the human colon included 10 cases of the ascending colon,
8 cases of the transverse colon, 7 cases of the descending colon, and 5 cases of
the sigmoid colon.
bFor the comparisons of age and sex, statistical analysis was conducted among
the three dependent groups, and the lowest p value was demonstrated in the
above table. For the pathological diagnosis, only the normal small intestine
group and normal colon group were analyzed; the small intestinal cancer
group was excluded.
SI, small intestine or small intestinal.
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surface epithelial cells of the villus and the lower part
or base of the crypts (Figure 2B). However, in the nor-
mal small intestinal sections in which the AI was less
than 5%, apoptotic cells were present mostly in the
surface epithelial cells of the villus, especially in the tips
of villus.

Expression of Bax: Increased Significantly in Normal
Small Intestine

We found that Bax protein was detected in 31 cases of
normal small intestine (31/40, 77.5%), 2 cases of small
intestinal adenocarcinoma (2/7, 28.6%), and 16 cases
of normal colon (16/30, 53.3%) (Figure 5A). Among
the positive sections, the expression of Bax was mod-
erate in 12 cases of normal small intestine (12/40,
30%), 0 case of small intestinal adenocarcinoma

(0/7, 0%), and 7 cases of normal colon (7/30, 23.3%),
whereas Bax was strong in 7 cases of normal small in-
testine (7/40, 17.5%), 1 case of small intestinal adeno-
carcinoma (1/7, 14.3%), and 3 cases of normal colon
(3/30, 10%) (Table 3). Statistically, the expression of
Bax was higher in normal small intestine than in small
intestinal adenocarcinoma (p,0.05) and higher than in
normal colon (p,0.05). For the intensity of expression,
no significant differences were observed among the
three groups (Table 3). The increased expression of
protein Bax may play some role in the lower incidence
of human small intestinal carcinoma.

We also found that expression of Bax was limited to
the endoplasm of surface epithelial cells, mostly at the
basal side of normal mucosal tissue sections from the
colon (Figure 4C). In Bax-positive small intestinal
adenocarcinoma, Bax was widely distributed in the
endoplasm of carcinoma cells (Figures 3C and 3D).
However, in the normal human small intestine, Bax
protein was mostly located at the free edge of the en-
doplasm in the surface epithelial cells of the villus,
especially in the tips of the villus (Figure 2C), although
in some cases, Bax was detected in the endoplasm of
the lower part or base of crypts, and the intensity
was much lower than in the surface epithelial cells of
the villus (Figure 2D).

Expression of Bcl-2: No Statistical Differences
Were Observed

Bcl-2-positive cells were observed in 17 cases of normal
small intestine (17/40, 42.5%), 3 cases of small intes-
tinal adenocarcinoma (3/7, 42.9%), and 14 cases of nor-
mal colon (14/30, 46.7%) (Figure 5B). Bcl-2 expression
was strong in 16 cases of normal small intestine (16/40,
40%), 2 cases of small intestinal adenocarcinoma (2/7,
28.6%), and 2 cases of normal colon (2/30, 6.7%), and
moderate in 1 case of normal small intestine (1/40,
2.5%), 0 case of small intestinal adenocarcinoma (0/7,
0%), and 7 cases of normal colon (7/30, 23.3%) (Ta-

Figure 1 Apoptotic index (median and inter-quartile range) in nor-
mal small intestine, small intestinal adenocarcinomas, and normal
colon: p,0.01 for comparisons between normal small intestine
and small intestinal adenocarcinomas or normal colon. Error bars
indicate full ranges; circles above normal colon indicate the four ex-
ceptional values.

Table 2 Clinical and pathological characteristics of patients with small intestinal adenocarcinomas

Patient A B C D E F G

Gender Male Male Male Male Female Female Male
Age (years) 43 39 56 74 73 77 41
Tumor location Lower jejunum Upper jejunum Upper jejunum Lower jejunum Upper ileum Lower jejunum Upper jejunum
Tumor size (cm) 10 3 8.0 3 1.7 4.0 6.0 4.0 6.0 5.0 3 4.5 3 2.0 8.0 3 5.0 3 4.0
Depth of tumor Full thickness Full thickness Full thickness Full thickness Full thickness Full thickness Full thickness
Serosal exposure Yes Yes No Yes No No No
TNM stage Stage III Stage III Stage II Stage IV Stage IV Stage IV Stage III
General classification Ulcer type Narrow type Ulcer type Ulcer type Ulcer type Protruded type Protruded type
Histological type PDA PDA, some SRCA MuA, some SRCA MDTuA MDA MDA, some MuA MDA, some MuA
Nodal metastasis

(present/total)
5/15 5/28 0/5 2/10 0/1 0/3 3/7

Distant metastasis Absent Absent Absent Present Present Present Absent

MDA, moderately differentiated adenocarcinoma; MDTuA, moderately differentiated tubular adenocarcinoma; MuA, mucinous adenocarcinoma; PDA, poorly
differentiated adenocarcinoma; SRCA, signet-ring cell carcinoma; TNM, tumor nodes metastasis.
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Figure 2 Apoptosis by terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) and related Bax and Bcl-2 by immuno-
histochemical analysis in normal human small intestine. (A) Hematoxylin-eosin staining of small intestine. (B) Apoptotic cells detected by the
in situ cell death kits (red arrows indicate the representative apoptotic cells). (C) Bax was observed in the surface epithelial cells of the villus from
the normal small intestine. (D) Bax was observed in both the villus and the crypts in some cases of normal small intestine. (E,F) Bcl-2 expression in
the normal small intestine. Bars: B 5 80 mm; A,C–F 5 40 mm.
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Figure 3 Apoptosis by TUNEL and related Bax and Bcl-2 by immunohistochemistry in small intestinal adenocarcinomas. (A) Hematoxylin-
eosin staining of one cancer case. (B) Apoptotic cells by TUNEL (red arrows indicate the representative apoptotic cells). (C) Bax was absent
in most small intestinal cancers. (D) Bax was strong in a case of human small intestinal adenocarcinoma. (E) Bcl-2 was absent in most small
intestinal adenocarcinomas. (F) Bcl-2 expression was strong in a case of small intestinal adenocarcinoma. Bars: A,B 5 80 mm; C–F 5 40 mm.
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ble 3). Although the intensity of expression seems
stronger in normal small intestine than in small intes-
tinal adenocarcinoma (Table 3), no significant differ-
ence for positive expression was observed statistically.

Bcl-2 protein was observed mostly in the endoplasm
and partly in the nuclear envelope or cell membrane.
Although Bcl-2 was mostly detected in the endoplasm
of the lower part or base of crypts in normal small in-
testine, it was also observed in the surface epithelial
cells of the villus and at the lower part or base of the
crypts in some cases (Figures 2E and 2F). The expres-
sion of protein Bcl-2 in normal colon was similar to ex-
pression in normal small intestine and was found in cells
of the surface epithelia and the crypts (Figure 4D).
However, it was mostly at the basal side of the endo-
plasm, not at the free edge, as expression of Bax was.
In expression-positive small intestinal adenocarcinoma,
Bcl-2 could be detected widely in the endoplasm, nu-
clear envelope, and cell membrane of carcinoma cells

(Figures 3E and 3F), but the intensity was relatively
lower than that of protein Bax.

Significance of the Ratio of Protein Bax to Bcl-2

Because proteins Bax and Bcl-2 have opposite func-
tions, we compared the rates of positive staining of
two proteins in the three groups. The results showed
that expression of protein Bax was stronger than that
of Bcl-2 in the normal small intestine (p,0.01). How-
ever, no significant changes were shown in small in-
testinal adenocarcinoma and normal colon groups
(Figure 6). This phenomenon also indicates that Bax
may play some role in the relatively lower incidence
of human small intestinal carcinoma.

Finally, the Bax/Bcl-2 ratio was compared among the
three groups on the basis of the specific function of the
ratio for apoptosis reported by previously published
studies. Cases were categorized as either Bax/Bcl-2 $ 1
or Bax/Bcl-2 , 1 in each group. The numbers of cases

Figure 4 Apoptosis by TUNEL and related Bax and Bcl-2 by immunohistochemistry in normal colon. (A) Hematoxylin-eosin staining. (B) Apo-
ptotic cells by TUNEL (red arrows indicate the representative apoptotic cells). (C) Expression of protein Bax in normal human colon. (D) Bcl-2
expression in normal colon. Bars: B 5 80 mm; A,C,D 5 40 mm.
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of Bax/Bcl-2 $ 1 were 18 of normal small intestine (18/
40, 45.0%), 1 of small intestinal adenocarcinoma (1/7,
14.3%), and 11 of normal colon (11/30, 36.7%) (Fig-
ure 5C). Although the raw data showed that the Bax/
Bcl-2 ratio in human normal small intestine was higher
than in small intestinal adenocarcinoma or normal co-
lon, no significant difference was obtained statistically.

Discussion
Our study showed the appearance of apoptosis and ex-
pression of two related proteins, Bax and Bcl-2, in hu-
man small intestinal adenocarcinomas, especially from
the jejunum. The onset and development of many car-
cinomas have been linked to the dysfunction of apo-
ptosis. However, few studies have reported the changes
of apoptosis and related proteins in small intestinal ade-
nocarcinoma (Shibahara et al. 1995; Moss et al. 1996;

Groos et al. 2001; Ciccocioppo et al. 2002). In our
study, the samples from duodenum were excluded,
although it is the most common site of small intestinal
adenocarcinomas. From a purely anatomical point of
view, the duodenum is part of the small intestine; none-
theless, it is functionally and pathophysiologically more
closely related to the stomach, not to the jejunum and
ileum. Recently, the American Gastroenterological As-
sociation Institute has recommended that the GI tract
should be reclassified into three parts (upper, mid, and
lower), instead of adhering to the traditional classifica-
tion of upper and lower GI tract. The site above the
ampulla of Vater is defined as upper GI tract; from the
ampulla of Vater to the terminal ileum is defined as mid
GI tract; and the left is defined as lower GI tract. It is
thought that this change may be useful in improving
our understanding of digestive diseases. For better un-
derstanding of the question posed and to achieve better
results, the duodenum was excluded from our study.

Perhaps it is for this reason that we obtained better
results, even though a very limited number of small in-
testinal adenocarcinomas were examined in our study.
For the AI, a significant difference was observed when
small intestinal cancer was compared with normal small
intestine. For normal small intestine, the median and
maximal values of the AI were 15.2% and 49.9%, re-
spectively, whereas for adenocarcinomas, these values
were 0.1% and 0.9%, respectively (Figures 1, 2B,
and 3B). A similar pattern was observed for expres-
sion of Bax, which can be detected in 77.5% and
28.6% of samples for normal small intestine and adeno-
carcinomas, respectively (Figure 5A; Table 3). However,
for expression of protein Bcl-2, no difference was ob-
served, and the p value was 1.000 (Figure 5B; Table 3).
Considering these results, more samples were thought
to be unnecessary. Moreover, the human small intes-
tinal adenocarcinoma is very rare, and it would be dif-
ficult to be improve the number greatly. We wish that
these results could be validated in more samples.

Figure 5 Proportions with positive expression of Bax and Bcl-2, and
percent of samples that have a Bax/Bcl-2 ratio $1 in normal human
small intestine, small intestinal adenocarcinoma, and normal colon.
The asterisks represent statistically significant differences at p50.05.

Table 3 Expression of proteins Bax and Bcl-2

Normal SI
(n540)

SI cancers
(n57)

Normal colon
(n530) p valuea

A B C A, B A, C B, C

Bax
Negative 9 5 14 0.031 0.033 0.405
Weak 12 1 6 0.690 0.343 1.000
Moderate 12 0 7 — 0.535 —

Strong 7 1 3 1.000 0.588 1.000
Bcl-2

Negative 23 4 16 1.000 0.728 1.000
Weak 0 1 5 — — 1.000
Moderate 1 0 7 — 0.020 —

Strong 16 2 2 0.879 0.002 0.155

aThree groups were compared using Pearson x2 tests, continuity correction x2

tests, or Fisher’s exact tests, respectively, depending on the total samples and
different conditions. The analysis was omitted if one cell was zero.
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In our study, we observed that most TUNEL-positive
cells were located in the villus of normal small intestine,
which was similar to findings in other studies, although
the majority of those specimens were from duodenum
(Shibahara et al. 1995; Groos et al. 2001), whereas
ours were from the jejunum. However, some positive
cells can be observed in the lower portion or base of
crypts. It is thought that this may be related to patholog-
ical conditions, because the changes in apoptosis under
certain pathological conditions have been investigated
(Moss et al. 1996; Ciccocioppo et al. 2002; An et al.
2005). In a study on patients with active celiac disease,
apoptotic cells were found to be distributed throughout
the crypt–villus unit (Moss et al. 1996). In ischemia–
reperfusion injury in animal experiments, apoptotic cells
were increased in all parts of the intestine (villous epi-
thelium, crypt epithelium, and stroma) after reperfu-
sion (An et al. 2005). In a study in elderly subjects,
apoptotic cells of duodenal enterocyte were increased
significantly compared with other adults (15.3% vs
2.1%) (Ciccocioppo et al. 2002). The value of 15.3%
was almost equal to the result from our experiments
on the normal small intestine (15.9%; mean age was
49.9 years), although the majority of our specimens
were from the jejunum, whereas theirs were from the
duodenum. Taking these findings together, perhaps we
can deduce that age may affect the AI and that apoptosis
may be related to such conditions as age and patholog-
ical condition.

The conclusion from our studies, that increased apo-
ptosis may play a role in the relatively lower incidence
of human small intestinal adenocarcinomas, was also
supported by published studies and reports on human
large intestine (Bedi et al. 1995; Wincewicz et al. 2007)
and animal small intestine. Results from human colorec-
tal cancers show that decreased apoptosis may contribute
to tumor growth and promote neoplastic progression,
consistent with reports from experiments on animals
and cultured cells (Keefe et al. 2000; Hong et al.
2005). In a study on intestinal crypts after chemother-
apy, Keefe et al. (2000) found that apoptotic cells were
increased significantly. Another study demonstrated
that the small intestine may be more protected against
cancer by having a more dynamic response to oxidative
damage, whereas in large intestine, the response makes
it more susceptible to loss of crypt architecture (Hong
et al. 2005). Results from studies on animal ischemia–
reperfusion injury also showed that the differing re-
covery capability of intestinal epithelium may account
in part for the different incidence rate of large and small
intestinal tumors.

Bax and Bcl-2 are the two representative proteins/
genes of the Bcl-2 family. Although they have been tested
in some tissues, studies on human small intestine, espe-
cially on carcinomas, are very limited (Uesugi et al.
1999; Bowen et al. 2005; Schulmann et al. 2005).
Schulmann et al. (2005) showed that the positive ex-
pression of Bax was 59% in 32 cases of small bowel
cancer associated with colorectal cancer. In one case re-
port on small intestinal adenocarcinoma in a Japanese
patient with Crohn’s disease, no Bcl-2 expression was
observed, which apparently supports our conclusion
(Uesugi et al. 1999). Our results showed that no signif-
icant change for Bcl-2 was observed between small in-
testinal adenocarcinoma and normal mucosa, whereas
Bax may play some role in the lower occurrence of small
intestinal carcinomas. Our conclusion did not contradict
these reported studies, because different tissues were ex-
amined in the different studies. Moreover, Bowen et al.
(2005) found that increased expression of Bax and
Bak, but not of other members of the Bcl-2 family, were
associated with apoptosis in small intestinal crypts.

Our study failed to provide supporting evidence that
the Bax/Bcl-2 ratio is a cell death switch in response to
apoptotic stimuli, which has been proven by some stud-
ies (Vaskivuo et al. 2002; Lalier et al. 2007). Oltvai et al.
(1993) first put forward the concept that the Bcl-2/Bax
ratio appears to determine the survival or death of cells
following an apoptotic stimulus. This was later proven
by studies on different tumors, such as prostatic tumors,
rectal cancer (Scopa et al. 2001), bladder cancer, acute
myeloid leukemia, and oral cancer (Oshikawa et al.
2006). However, an opposing conclusion, that a high
Bcl-2/Bax ratio correlates with a good prognosis, was
drawn from a study on childhood acute lymphoblastic

Figure 6 Expression of proteins Bax and Bcl-2 in each group of tis-
sues. Observed proportions are shown by red triangles for the pro-
tein Bax and blue circles for Bcl-2. Horizontal lines show the 95%
confidence interval. Solid symbols represent statistically significant
differences at p50.05.
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leukemia (Narayan et al. 2007). Results from our study
provide a third relationship, that the Bax/Bcl-2 ratio
may not play a role in the relatively lower incidence of
human small intestinal adenocarcinomas.

The major limitation of our study, in addition to the
very limited number of human small intestinal adeno-
carcinomas tested, was that our conclusion was reached
based simply on the apoptotic level of tissues by TUNEL
and expression of the apoptosis-related proteins Bax
and Bcl-2 by immunohistochemistry. In designing the
study, we hoped to validate the results using more
strategies, especially molecular biological and cellular
biological methods, including flow cytometry, immu-
noblotting, and RT-PCR, even in animal models or
culture cell lines. However, no good animal models
or cell lines for human small intestine or small intes-
tinal cancers are available, and the fresh tissues from
endoscopy were very small and limited and supple-
mented by FFPE tissue sections. But we did provide
relatively sufficient evidence for the results and con-
clusion. We wish that these could be validated in more
human samples and by more methods.

In conclusion, the increased level in the appearance
of apoptosis and in the expression of Bax, but not Bcl-2
or the Bax/Bcl-2 ratio, may have some role in the rela-
tive rareness of human small intestinal adenocarcinoma.
However, more studies are required for a better under-
standing of these changes.
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