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Abstract

AIM: To evaluate the role of survivin and caspase-3 in apoptosis
of gastric carcinoma, as well as in prognosis of patients with
gastric carcinoma.

METHODS: Expressions of survivin and caspase-3 were
investigated immunohistochemically in 80 gastric carcinoma
patients without a history of chemo-radiation therapy. Tumor
cell apoptosis was examined by TUNEL method.

RESULTS: Immunohistochemical analysis showed that
survivin expression was positive in 61 of 80 patients (76%)
with gastric carcinoma. In contrast, no expression of survivin
in adjacent normal tissues was detected. Expression level
of caspase-3 was higher in normal tissues than in carcinoma.
Patients with higher expression of survivin had worse
histological grades and pathological stages. Expression of
caspase-3 was significantly associated with histological
stages, but not with the pathological stages. Although
survivin expression in carcinoma was not inversely related
to caspase-3, patients with survivin (-) and caspase-3(+)
had the maximum apoptosis index.

CONCL USION: Expression level of survivin was associated
with histological grades and pathological stages of the tumor,
indicating that survivin may be a poor prognosis factor for
gastric carcinoma. Unlike caspase-3, survivin (an apoptosis
inhibitor) can markedly inhibit the apoptosis of tumor cells.
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INTRODUCTION

Abnormalitiesin cell death control are implicated as a cause
or contributing factor in arange of diseases, including cancer,

autoimmunity, and degenerative disorders. This control
involves several proteinsthat promote or inhibit apoptosis and
an evolutionarily conserved multistep cascade!?. A number of
proteins, such as Bcl-2, Fas and Bax affect upstream of the
cascadel®4, Survivin, a recently discovered inhibitor of
apoptosis, may prolong cell survival by targeting the terminal
effector caspase-3°9. Located at the end of cascade, caspase-
3 acts as both initiators and executorsin the apoptotic process.
So survivin and caspase-3 have been the focus of debate
regarding apoptosis.

In the last decade, molecular abnormalities of tumor cells
have emerged as important prognostic indicators of gastric
carcinoma. As acandidate molecule to influence the apoptosis
balance, survivin has unique properties such as undetectable
in normal adults tissues and overexpression in a variety of
human cancers in vivol”. Although studies indicated that
survivin was a prognostic tumor marker®*, little is known
about its potential role in gastric carcinoma. In this study we
sought to investigate the expression of survivin and caspase-3
in gastric carcinoma and to dissect their potential prognostic
value, and discuss the relationship between survivin, caspase-3
and tumor cell apoptosis.

MATERIALS AND METHODS

Patients and samples

A total of 80 patients with gastric adenocarcinoma did not
receive any treatment prior to surgery. Of them 56 were males
and 24 were females, with amean age of 60 years. Surgically
resected specimens were fixed in 10% neutral formalin,
embedded in paraffin, and stained by haematoxylin-eosin.
Histological grades and pathological stages were conformed
to the criteriaof UICC (Figure 1). The subjects consisted of 17
casesin stage |, 34 casesin stage |1, and 29 casesin stage 1.
Tumor tissuesand normal tissuesfrom every patient were detected.

Immunohistochemical staining for survivin and caspase-3
A pilot study using the anti-survivin antibody and anti-caspase-3
antibody was conducted on various neoplasms, including gastric
carcinoma, lung cancer, breast cancer and non-Hodgkin' s
lymphoma to determine an appropriate dilution. The
immunostaining was performed, and negative control slides
processed without primary antibody were incubated for each
staining. Paraffin-embedded dides were deparaffinized and put
in400mL EDTA solution (0.001 mol/L, pH 6.0). Thenthesolution
was heated in a pressure cooker and boiled for 2 min while
maintaining the pressure. After cooling the dideswere incubated
with the primary antibody (mouse anti-human survivin or caspase-
3 monoclonal antibody purchased from NEO MAEKERS)
overnight at 4 °C and rinsed by PBS (0.01 mol/L, pH 7.4) three
times. Then thedideswereincubated with an anti-mouse conjugate
containing horseradish peroxidase at 37 °C for 30 min and rinsed
by PBS three times. Finally 3,3-diaminobenzidine was used for
color devel opment and hematoxylin was used for counterstaining.
The mean percentage of positive tumor cellswas determined in
at least five areas at 400-fold magnification and assigned to one
of the following five categoried™: -, <5%; +, 5-25%); ++, 26-
50%; +++, 51-75%; ++++, >75%.
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Figure 1 HE staining of gastric carcinoma. A: well differentiated gastric carcinoma; B: Moderately differentiated gastric carcinoma;
C: Poorly differentiated gastric carcinoma (Original magnification: x200).
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Figure 2 Survivin expression in gastric carcinoma. A: well differentiated gastric carcinoma; B: Moderately differentiated gastric carcinoma;
C: Poorly differentiated gastric carcinoma; D: Substitution for antibody with PBS as negative control (Original magnification: x200).

Histochemical detection of apoptosis

All cases received detection of apoptosis except those with both
survivin and caspase-3 negativities. Apoptotic cellsand apoptotic
bodies were detected by in situ labeling using a TUNEL kit
purchased from Borrinman Company. In brief, deparaffinized and
rehydrated sections were digested with proteinase K for 20 min
at room temperature and washed. After quenching in 30 mL/L
hydrogen peroxide for 10 min and washing with PBS, terminal
deoxynucleotidyl transferase enzyme was pipetted onto the
sections, whichwerethenincubated at 37 °C for 1 h. After sopping
thereaction by putting sectionsin PBS and washing, anti-digoxin-
peroxidase was added to the dides. Finally sides were washed
with PBS, stained with 3,3-diaminobenzidine, and counterstained
with hematoxylin. Substitution for terminal deoxynucleotidyl
transferase with distilled water was used as negative control.
Postive cdllswere determined according to the method described
previoudy™. In brief, positive cellshad dark or dark brown nuclei
and some morphological characteristics, including chromatin
condensation, nuclear disintegration, and formation of crescent
caps of condensed chromatin at the nuclear periphery. Counting
method was the same as described previoudy.

Statistical analysis

Differences of positivity rates between different groups were
assessed by t-test. Kruskal-Wallis rank sum test was used to
assess the differences between ranked data. Linear correlation

hypothesis test was used to evaluate the extent of correlation
between two groups. All of the statistical analyses were
performed with SAS statistical package.

RESULTS

Immunohistochemical staining revealed that anti-survivin mAb
8E2 specifically reacted with gastric carcinoma cells, with
positive staining in cytoplasm and near the Golgi apparatus,
whereas no expression of survivin was observed in adjacent
normal tissues. A total of 61 cases of gastric carcinomain this
series were defined as positive staining (76%, Figure 2), with
the mean percentage of 29.83%.

Of the 80 cases of gastric carcinomas, 75 cases (94%) of
the adjacent normal tissues were positive for caspase-3, while
68 cases (85%) of the tumorswere caspase-3 positive (Figure 3).
Student’ s t-test showed that caspase-3 expressed higher in
normal tissue than in carcinoma. Survivin and caspase-3 were
not positive at the same position in cancer cells. Expression of
survivin in carcinomas showed a negative but not linear
correlation with that of caspase-3 (r=-0.18, P>0.05).

Through Kruskal-Wallis rank sum test, we found that the
expresson of both survivin and caspase-3 had significant differences
between tissues with different histological grades (Tables 1, 3).
The expression of survivin was significantly associated with
pathological stages, but caspase-3 was not (Tables 2, 4).
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Figure 3 Expression of caspase-3 in gastric carcinoma. A: well differentiated gastric carcinoma; B: Moderately differentiated
gastric carcinoma; C: Poorly differentiated gastric carcinoma; D: Substitution for antibody with PBS as negative control (Original

magnification: x200).

Figure 4 Apoptosis in gastric carcinoma. A: Positive; B: Substitution for terminal deoxynucleotidyl transferase with distilled

water as negative control (Original magnification: x200).

Table 1 Correlation between histological grades and survivin
expression

Table 3 Correlation between histological grades and expres-
sion of caspase-3

Positive  Poorly Moderately Well Sum Mean Positive  Poorly Moderately Well Sum Mean
degree differentiated differentiated differentiated ranks degree differentiated differentiated differentiated ranks
+ 1 13 4 18 9.5 + 6 2 0 8 35
++ 8 11 1 20 28.5 ++ 10 14 1 25 175
+++ 10 5 1 16 46.5 +++ 8 19 2 29 425
++++ 4 3 0 7 58 +H+++ 1 1 4 6 63
n 23 32 6 61 n 25 36 7 68

Hc=12.8, P<0.005 between poorly, moderately and well differ-
entiated gastric carcinomas.

Table 2 Correlation between pathological stages and expres-
sion of survivin

Hc=11.7, P<0.005 between poorly, moderately and well differ-
entiated gastric carcinomas.

Table 4 Correlation between pathological stages and expres-
sion of caspase-3

Positive Stage | Stage Il Stage lll Sum Mean ranks Positive Stage | Stagell Stage Ill Sum Mean ranks
degree degree

+ 8 6 4 18 9.5 + 1 5 2 8 45

++ 3 15 2 20 28.5 ++ 7 7 11 25 21

+++ 1 3 12 16 46.5 +++ 5 14 10 29 48
++++ 1 2 4 7 58 ++++ 3 2 1 6 65.5

n 13 26 22 61 n 16 28 24 68

Hc=15.1, P<0.005 between stages I, Il and I1I.

Hc=0.54, P>0.75 between stages I, Il and III.
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Apoptotic cells and apoptotic bodies were observed in
gastric carcinoma by using in situ labeling (Figure 4). The
mean apoptotic index (Al) of the 80 cases was 0.84%. The
mean Al in survivin-positive tumors was 0.59%, which was
significantly lower than the mean Al of 1.26% observed in
survivin-negative tumors (P<0.005). The mean Al in caspase-
3-positive tumors (0.97%) was significantly higher than that
in caspase-3-negative tumors (0.56%, P<0.05). Tumors with
survivin(-) and caspase-3 (+) had the highest Al of 1.58%.

DISCUSSION

Recently, several inhibitors of apoptosis (IAP) related to the
baculovirus IAP gene have been identified in humans, mice,
and Drosophilal®. Recombinant expressions of IAP proteins
counteract various forms of apoptosisin viva® and in vitroi*”.
These moleculesare thought to block an evolutionarily conserved
step in apoptosis. At least in the case of X-linked | AP, this may
involve direct inhibition of the terminal effectors caspase-3 and
caspase-7 through a BIR-dependent recognition*®. Among
the recently described AP family, survivin is characterized
by a unique structure with a single BIR and no-zinc-binding
domain known as the RING finger®®2%, and by the selective
distribution in common human cancers*™. In this study,
specific staining for survivin was detected in 61 cases (76%),
with avariable proportion of positive tumor cells (10-85%).
In contrast, the adjacent normal tissues or the infiltrating
lymphocytes did not express survivin, consistent with similar
studied®®. Asthe histological differentiation decreased and
pathological stage increased, positivity rate and expression
level of survivin were elevated. So survivin expression has
prognostic value in human gastric carcinoma.

Alessandra?¥ reported that survivin was expressed in G-
M phase of the cell cyclein acell cycle-regulated manner and
associated with mitotic spindle microtubules. In this study,
survivin-positive patients had lower Al as compared with
survivin-negative patients, suggesting that the overexpression
of survivin in cancer might obliterate the checkpoint of the
cell cycle and allow aberrant progression through the G2-M
phase checkpoint in gastric carcinoma

In normal gastric tissues, caspase-3 was mainly expressed
in gastric surface mucous cells, being in accord with the gastric
cell turnover. Caspase-3 expression was increased in well
differentiated tumors and apoptotic cells were increased in
tumorswith caspase-3 positivity, indicating that the expression
of caspase-3 promoted apoptosis of tumor cells. It is well
known that a number of genetic alterations are required for
malignant transformation. Therefore we can speculate that
abnormal differentiation leads to decreased expression of
caspase-3 in tumor cells.

As a key effector molecule of apoptosis, caspase-3 can
inactivate number proteins, which are associated with the
structure and cycle of normal cells. Survivin showed an
inversed function compared with caspase-3, which can be
illustrated by the resultsthat caseswith survivin (-) and caspase-
3 (+) had higher Al than cases with survivin (+) and caspase-
3 (-). Then what we wanted to know was, if survivin inhibited
directly the expression or function of caspase-3. Although our
results indicated that expression of survivin was inversely
associated with that of caspase-3, statistic analysis showed no
linear correlation. So we think survivin did not inhibit the
function of caspase-3 by directly inhibiting its expression. One
of the relevant pointsto this issue was that survivin induced
caspase-9 deactivation first?#1, and then caspase-3 could not
be activated at the end of the cascade. Some other reports
suggested that survivin inhibited caspase pathway of apoptosis,
and controled apoptosis and mitotic spindle checkpoint!%24,
We speculate that survivin mainly oppresses caspase-3

activation or possesses effect on the upstream promoter activity,
but not its expression. Further studies are needed to confirm
the process of how survivin inhibits caspase-3.

Aslong as survivin affects terminal effector of apoptosis
and exists in tumor cells, it would be an ideal target of
apoptosis-based therapy. One of the roles of chemotherapy is
inducing apoptosis, and caspase-3 has been proved to
participatein this process®, so acting on thistarget might also
enhance sensitivity to chemotherapy or reduce the effect of
drug-resistance. A recent in vitro study demonstrated that anti-
survivin RNA down-regulated the expression of endogenous
survivinin transformed cells and induced apoptotic cell deathf®.
Targeted antagonists of survivin may offer a new therapeutic
method for gastric carcinoma. A homeland study!” revealed
that antisense oligonucleotide targeting survivin induced
decrease of survivin expression, increase of cell apoptosis,
inhibition of cell proliferation in hepG2 cells. It aso has been
reported® that survivin-based plasmids could induce apoptosis
in gastric cancer cells and sensitize gastric cancer cells to
chemotherapeutic agents. Gene therapy targeting survivin gene
expression may offer a new approach to cancer therapy.
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