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Abstract: The serine/threonine protein kinase B/Akt plays a central role in the coordination of multiple signal trans-
duction processes involved in transcriptional regulation, cell survival, and apoptosis. Activation of Akt kinase is a 
prognostic factor in several types of cancers; however, its role in gastrointestinal cancers is not fully understood. 
Caspase-9 is an Akt substrate that belongs to the caspase family of proteases, which function as initiators of the 
mitochondrial apoptotic pathway. Little is known about the role of caspase-9 phosphorylation, which downregulates 
the apoptotic activity of the enzyme. In this study, we investigated the expression of phosphorylated (p)-Akt and 
phosphorylated (p)-caspase-9 in gastric and colorectal carcinoma and the relationship between p-Akt and p-cas-
pase-9 expression and clinicopathological parameters of gastric and colorectal cancer patients. In total, 75 samples 
of advanced gastric adenocarcinoma (37 well-to-moderately differentiated and 38 poorly differentiated) and 76 
samples of advanced colorectal adenocarcinoma (69 well-to-moderately differentiated and 7 poorly differentiated) 
were analyzed for p-Akt and p-caspase-9 expression by immunohistochemistry. Our results reveal a correlation be-
tween p-Akt and p-caspase-9 expression in gastric and colorectal cancers. Levels of p-caspase-9 were significantly 
higher in colorectal cancer than in gastric cancer, indicating tumor-specific regulation. Although the biological role 
of p-Akt/p-caspase-9 signaling remains unclear, we suggest that phosphorylation of caspase-9 may be a useful tool 
to assess the state of gastrointestinal cancer and the effects of anti-cancer therapy.
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Introduction

The serine/threonine protein kinase B/Akt pl- 
ays a central role in the coordination of multiple 
signal transduction processes involved in tran-
scriptional regulation, cell survival, and apopto-
sis [1-3]. Akt is a major downstream effector of 
phosphatidylinositide-3-kinase (PI3K), which 
induces Akt activation via phosphorylation at 
key amino acid residues Thr-308 and Ser-473 
[2]. In turn, phosphorylated Akt (p-Akt) targets 
a number of downstream substrates, including 
transcription factors, pro-apoptotic Bcl-2 family 
members, and caspases, promoting cell sur-
vival and blocking apoptosis. As a regulator of 
apoptosis and cell proliferation, Akt has been 
considered a key factor in many types of cancer 
[4-8]. Phosphorylation-dependent Akt activa-
tion has been shown to contribute to cancer 

resistance to chemotherapy and is associated 
with poor prognosis in many types of malignan-
cies, including breast, prostate, and non-small 
cell lung cancers [9-13].

One of the Akt substrates is caspase-9, belong-
ing to the caspase family of proteases, which 
function as initiators of the mitochondrial apop-
totic pathway. Caspase-9 activity is important 
in the executing chemotherapy-induced apopto-
sis. The mechanism of caspase-9 activation 
involves the formation of a multimeric complex 
with Apaf-1 and cytochrome c, termed apopto-
some; another level of regulation is phosphory-
lation at Ser 196 and Thr 125, which inhibits 
caspase-9 activation [1, 14, 15]. It has been 
shown that Akt targets caspase-9 at Ser196, 
downregulating its activity and decreasing 
apoptosis [1]; however, the exact mechanism is 
not fully elucidated.
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It has been established that the expression of 
activated p-Akt may be used as a prognostic 
factor and therapy response predictor in 
patients with several types of cancer. However, 
the role of p-Akt in gastric and colorectal can-
cers is not fully understood. Even less is known 
about the significance of caspase-9 phosphory-
lation and the relationship between p-Akt and 
p-caspase-9 in carcinogenesis.

In this study, we examined the expression rates 
of p-Akt and p-caspase-9 in gastric and colorec-
tal carcinomas by immunohistochemistry. We 
also investigated the relationship between 
p-Akt and p-caspase-9 expression and clinico-
pathological parameters of gastric cancer 
patients. To the best of our knowledge, this is 
the first report of the direct correlation between 
the expression of p-caspase-9 and p-Akt in sur-
gically resected human gastric and colorectal 
carcinoma tissues.

We have previously analyzed the expression of 
cleaved (activated) caspase-8 and caspase-9, 
the autophagy marker microtubule-associated 
protein 1 light chain 3 (LC3), and survivin to elu-
cidate the cell death pathways in gastric and 
colorectal carcinomas [16, 17]. The purpose of 
this study was to analyze the phosphorylation 
status of Akt and caspase-9 in gastric and 
colorectal carcinoma and discuss the cell death 
pathway based on our previous and current 
results.

Materials and methods

Tissue samples

In total, 75 samples of advanced gastric adeno-
carcinoma (37 well-to-moderately differentiat-
ed and 38 poorly differentiated) and 76 sam-
ples of advanced colorectal adenocarcinoma 
(69 well-to-moderately differentiated and 7 
poorly differentiated) were analyzed for p-Akt 
and p-caspase-9 expression by immunohisto-
chemistry. Formalin-fixed and paraffin-embed-
ded surgically resected tumor tissues were 
obtained from the archives of the Department 
of Diagnostic Pathology of the Osaka Red Cross 
Hospital and the Kobe Central Hospital of 
Social Insurance. Three-micrometer-thick sec-
tions were cut consecutively and mounted on 
aminopropyltriethoxysilane-coated slides. The 
tumors were classified according to the TNM 
classification of malignant tumors [18]. The 

study was approved by the local ethics 
committee.

Immunohistochemistry

The sections were deparaffinized and subject-
ed to heat-induced epitope retrieval using a 
pressure cooker (T-FAL; France) for 10 min; 
then, they were left at room temperature to 
cool in soaking solutions for 30 min. The opti-
mal soaking solutions determined in prelimi-
nary experiments were 1 mM EDTA, pH 8.0, for 
phospho-Akt and 10 mM citrate buffer, pH 6.0, 
for phospho-caspase-9. The sections were 
washed in running tap water, followed by 10 
mM phosphate buffered saline (PBS) pH 7.2, 
and incubated overnight at room temperature 
with a rabbit monoclonal antibody against 
phospho-Akt (Ser473) (1:100; Cell Signaling 
Technology, Danvers, MA, USA) or rabbit poly-
clonal antibody against phospho-caspase-9 
(Ser196) (1:200; Abgent, San Diego, CA, USA). 
The sections were then rinsed in PBS and incu-
bated with the secondary antibody-containing 
detection reagent Histofine Simple Stain MAX-
PO (Nichirei, Tokyo, Japan) for 1 h at room tem-
perature. The sections were then treated with 
diaminobenzidine to detect immunoreactivity 
and counterstained with Mayer’s hematoxylin. 
A section treated with PBS instead of primary 
antibody was used as negative control.

Immunostaining evaluation

The cytoplasmic or cell membrane staining for 
p-Akt and the cytoplasmic and nuclear staining 
for p-caspase-9 were considered positive. Each 
case was interpreted as positive by immunohis-
tochemistry when the staining was observed in 
more than 10 of all neoplastic cells. The sec-
tions were examined for immunostaining by two 
independent investigators (A.S. and M. S) blind-
ed to the experimental design.

Statistical analysis

The chi-squared test and Fisher’s exact test 
were used to analyze statistical differences in 
p-Akt and p-caspase-9 expression between 
gastric and colorectal adenocarcinomas, or 
between well-to-moderately and poorly differ-
entiated adenocarcinomas, and the correlation 
of expression with patients’ age, sex, lymphatic 
or vascular invasion. The correlation between 
p-Akt and p-caspase-9 expression and tumor 
location, depth of invasion, lymph node metas-



p-akt and p-caspase-9 in gastrointestinal carcinoma

3314 Int J Clin Exp Pathol 2014;7(6):3312-3317

tasis, and pathological stage was analyzed 
using the Kruskal-Wallis test. The results were 
considered statistically significant when P < 
0.05.

Results

P-Akt expression in gastric and colorectal 
carcinomas

As shown in Figure 1, p-Akt staining was local-
ized to the cell membrane and cytoplasm, 
whereas p-caspase-9 was detected in the 
nuclei and cytoplasm. Positive immunostaining 
for p-Akt was observed in 30 of the 75 gastric 
adenocarcinoma cases (40%) and in 31 of the 
76 colorectal carcinoma cases (41%); there 
was no significant difference in p-Akt expres-
sion between these tumor types. Positive stain-
ing for p-caspase-9 was observed in 20 of 75 
(27%) and in 36 of 76 (47%) cases of gastric 
and colorectal carcinomas, respectively, and 
the difference between the tumor types was 
significant (P < 0.01). The expression of both 

The relationship between p-Akt and p-cas-
pase-9 expression in gastric and colorectal car-
cinomas and clinicopathological factors (age, 
sex, tumor location, depth of invasion, lymph-
node metastasis, lymphatic invasion, vascular 
invasion, or pathological stage) is presented in 
Table 2. In gastric carcinomas, the level of 
p-Akt expression was significantly positively 
associated with vascular invasion (P < 0.01), 
whereas no correlation was observed with the 
other clinicopathological parameters. No corre-
lation was found between p-caspase-9 expres-
sion and clinicopathological factors in gastric 
carcinomas. In colorectal adenocarcinomas, 
the phosphorylation status of both proteins 
was not associated with any of the patients’ 
clinicopathological characteristics.

Relationship between p-Akt and p-caspase-9 
expression in gastric and colorectal carcino-
mas

To investigate whether p-caspase-9 levels were 
affected by p-Akt expression, we examined a 

Figure 1. Visualization of p-Akt and p-caspase-9 expression in gastrointestinal carcinomas by immunohistochem-
istry. A: Positive immunostaining for p-Akt in rectal carcinoma was localized to the cell membrane and cytoplasm 
of cancer cells. B: Positive immunostaining for p-caspase-9 in gastric carcinoma was localized to the nuclei and 
cytoplasm.

Table 1. Expression of p-Akt and p-caspase-9 in gastric and 
colorectal adenocarcinoma samples

p-Akt p-caspase-9
Gastric adenocarcinoma (n = 75) 30 (40%) 20 (27%)c

    Well-to-moderately differentiated (n = 37) 23 (62%)a 16 (43%)b

    Poorly differentiated (n = 38) 7 (18%)a 4 (11%)b

Colorectal adenocarcinoma (n = 76) 31 (41%) 36 (47%)c

    Well-to-moderately differentiated (n = 69) 27 (39%) 33 (48%)
    Poorly differentiated (n = 7) 4 (57%) 3 (43%)
aP < 0.001, bP < 0.005, cP < 0.01.

p-Akt and p-caspase-9 was higher  
in well-to-moderately differentiated 
than in poorly differentiated gastric 
adenocarcinomas (P < 0.001 and P 
< 0.005, respectively), but no signifi-
cant difference was observed for 
colorectal carcinomas (Table 1).

Clinicopathological significance of 
p-Akt and p-caspase-9 expression 
in gastric and colorectal adenocar-
cinomas
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possible correlation between Akt and cas-
pase-9 phosphorylation in gastric and colorec-
tal carcinomas and found a significant positive 
correlation between p-Akt and p-caspase-9 in 
both types (r = 0.47, P < 0.0001; r = 0.59, P < 
0.0001, respectively).

Discussion

In the present study, we examined the phos-
phorylation status of Akt kinase and caspase-9 
in gastric and colorectal carcinomas by immu-
nohistochemistry. Among gastric and colorec-
tal samples, 40 and 41% stained positive for 
p-Akt, while 27 and 47% were positive for 

p-caspase-9, respectively. We found that the 
expression of p-caspase-9 was significantly 
higher in colorectal than in gastric carcinomas 
(P < 0.01), although there was no significant dif-
ference in p-Akt staining. In our previous stud-
ies, we attempted to elucidate the cell death 
pathways in gastric and colorectal carcinoma 
by analyzing the expression of cleaved  cas-
pase-8 and caspase-9, the autophagy marker 
microtubule-associated protein 1 light chain 3 
(LC3), and survivin [16, 17]. We found that the 
expression of cleaved caspase-9 was signifi-
cantly lower in colorectal than in gastric carci-
noma (P < 0.0001) [16]. On the contrary, LC3 

Table 2. Correlation between p-Akt and p-caspase-9 expression and clinicopathological parameters in 
gastric and colorectal adenocarcinoma samples

Gastric adenocarcinoma Colorectal adenocarcinoma
p-Akt p-cas 9 p-Akt p-cas 9

Age (years) Age (years)
    < 60 (n =10)  3 (38) 0 (0)     < 60 (n = 21) 8 (38) 12 (57)
    ≥ 60 (n = 65) 27 (41) 20 (31)     ≥ 60 (n = 55) 23 (42) 24 (44)
Sex Sex
    Male (n = 53) 24 (45) 16 (30)     Male (n = 44) 15 (34) 17 (39)
    Female (n = 22) 6 (27) 4 (18)     Female (n = 32) 16 (50) 19 (59)
Location Location
    Cardia (n = 18) 8 (44) 6 (33)     Right colon (n = 23) 10 (43) 11 (48)
    Fundus (n = 32) 12 (38) 7 (22)     Left colon (n = 24)  9 (38) 14 (58)
    Antrum (n =25) 10 (40) 7 (28)     Rectum (n = 29) 12 (41) 11 (38)
Depth of invasion* Depth of invasion*

    pT2 (n = 17) 5 (29) 6 (35)     pT2 (n = 6) 4 (67) 4 (67)
    pT3 (n = 21) 12 (57) 6 (29)     pT3 (n = 44) 19 (43) 20 (45)
    pT4 (n = 37) 13 (35) 8 (22)     pT4 (n = 26) 8 (31) 12 (46)
Lymph node metastasis* Lymph node metastasis*

    pN0 (n = 24) 7 (29) 6 (25)     pN0 (n = 35) 15 (43) 15 (43)
    pN1 (n = 15) 9 (60) 6 (40)     pN1 (n = 28) 11 (39) 14 (50)
    pN2 (n = 12) 6 (50) 3 (25)     pN2 (n = 13) 5 (38) 7 (54)
    pN3 (n = 24) 8 (33) 5 (21)
Lymphatic invasion Lymphatic invasion
    Ly (-) (n =16) 6 (38) 6 (38)     Ly (-) (n = 24) 10 (42) 14 (58)
    Ly (+) (n = 59) 6 (38) 14(24)     Ly (+) (n = 52) 21 (40) 22 (42)
Vascular invasion Vascular invasion
    V (-) (n = 40) 10 (25)** 9 (23)     V (-) (n = 38) 17 (45) 22 (58)
    V (+) (n = 35) 20 (57)** 11 (31)     V (+) (n = 38) 14 (37) 14 (37)
UICC p-Stage* UICC p-Stage*

    I B (n = 11) 3 (27) 4 (36)     IB (n = 6) 4 (67) 4 (67)
    IIA and IIB (n = 23) 11 (48) 6 (26)     IIA and IIB (n = 28) 10 (36) 10 (36)
    IIIA, IIIB and IIIC (n=41) 6 (39) 10 (24)     IIIA, IIIB and IIIC (n = 42) 17 (40) 22 (52)
*According to the TNM classification of malignant tumors, the numerals in parentheses indicate the percentage of positive 
tumors. **P < 0.01.
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and survivin expression was significantly higher 
in colorectal than in gastric carcinoma (P < 
0.0001 and P < 0.01, respectively) [16, 17], 
suggesting that different cell-death pathways 
may be activated in these types of tumors. 
Caspase-9, an initiator of the mitochondrial 
apoptotic pathway, is activated upon complex-
ing with cytochrome c and Apaf-1, which cleaves 
the pro-enzyme of caspase-9 into the active 
form. Once initiated, caspase-9 cleaves pro-
caspase-3 and procaspase-7, which then exe-
cute the apoptotic program. In contrast, cas-
pase-9 activity can be downregulated via 
phosphorylation by pro-apoptotic protein kinas-
es, including Akt. The results of the present 
study showing that colorectal carcinomas had 
much higher levels of phosphorylated cas-
pase-9 than gastric tumors are consistent with 
lower expression of activated cleaved cas-
pase-9, suggesting that the high expression of 
p-caspase-9 in colorectal carcinoma may be 
part of the mechanism to suppress the mito-
chondrial apoptotic pathway via caspase-9 
inhibition.

We also showed that the phosphorylation of 
both Akt and caspase-9 was enhanced in well-
to-moderately differentiated gastric adenocar-
cinomas compared to that in poorly differenti-
ated tumors (P < 0.001 and P < 0.005, 
respectively). Other researchers reported that 
p-caspase-9 (Thr 125) expression was higher 
in intestinal than in diffuse gastric carcinomas, 
although there was no significant difference in 
caspase-9 or Akt  phosphorylation among his-
tological subtypes [19, 20]. In contrast, 
Murakami et al. reported that p-caspase-9 
expression was lower in differentiated than in 
undifferentiated tumors but, similar to the 
other study, there was no difference in Akt 
phosphorylation among histological subtypes 
[21]. Further investigations are needed to clari-
fy the relationship between p-Akt or p-cas-
pase-9 levels and tumor differentiation.

The analysis of the relationship between phos-
phorylation status and clinicopathological 
parameters showed that in gastric carcinomas, 
the level of p-Akt was significantly higher in the 
cases with vascular invasion than in those with-
out invasion (P < 0.01), whereas other clinico-
pathological factors were not associated with 
Akt or caspase-9 phosphorylation. Similarly, 
Murakami et al. reported that p-Akt expression 
in gastric carcinoma showed no significant cor-

relation with tumor size, pathology, or invasion 
[21]; however, they found significant positive 
association of Akt phosphorylation with poor 
prognosis, especially for T3/T4 gastric cancer. 
Other studies have also indicated that p-Akt 
expression may help to predict the clinical out-
come for gastric cancer patients. Nam et al. in 
a study of 311 gastric carcinoma cases showed 
that p-Akt was highly expressed in the early 
stage of pTNM and inversely correlated with 
lymphatic invasion or lymph node metastasis 
[20], while Henderson-Jackson et al. showed 
p-Akt upregulation during the transition from 
normal colorectal mucosa to carcinoma, sup-
porting the role of Akt activation in colon carci-
nogenesis [22]. In contrast, a large cohort 
study by Baba et al. showed that p-Akt expres-
sion in colorectal cancer was associated with 
low disease stage and favorable prognosis 
[23].

Activated Akt may phosphorylate caspase-9 
and inhibit its pro-apoptotic activity. In this 
study, we show a correlation between Akt and 
caspase-9 phosphorylation both in gastric and 
colorectal carcinoma. The levels of p-caspase-9 
were significantly higher in colorectal than in 
gastric carcinoma, indicating tumor-specific 
regulation. Although the biological role of 
p-Akt/p-caspase-9 signaling remains unclear, 
we believe that the phosphorylation of cas-
pase-9 may be a useful tool to assess the state 
of cancer development and cancer therapy.

In conclusion, our investigation suggests that 
phosphorylation-dependent activation of Akt 
and inhibition of caspase-9 may be inter-relat-
ed and that the p-Akt/p-caspase-9 pathway 
may constitute a possible mechanism of apop-
totic suppression specific for colorectal and 
gastric carcinomas. Further elucidation of 
tumor-specific apoptotic pathways will provide 
a basis for the development of individualized 
approaches to cancer therapy.
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