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Gastric Adenocarcinoma

Background : pAkt (the phosphorylated form of the proto-oncogene protein c-akt) and survivin
(human BIRCS protein) are candidate apoptosis-related molecules that may be responsible
for cancer progression. The aim of this study was to determine the expression of pAkt and
survivin in malignant stomach neoplasm, and their value as prognostic indicators of cancer.
Methods : The expression of pAkt and survivin in 144 cases of gastric cancer was detected
by immunohistochemistry and compared with established clinicopathological parameters and
prognosis of this disease. Results : Expression of pAkt showed significant correlations with
depth of invasion, lymph node and distant metastasis, as well as the stage (p < 0.05 for all
three correlations), but not with the Lauren classification. Survivin expression closely correlated
with histological type, Lauren classification, depth of invasion, metastasis, and stage (p < 0.05
for all). The overall survival of patients with pAkt/survivin expression was inferior to that of
patients with loss of pAkt/survivin expression. Cox multivariate analysis demonstrated a sig-
nificant correlation between stage (p = 0.04), survivin expression (p = 0.02), and prognosis.
Conclusions : Patients with pAkt/survivin expression in gastric cancer are at increased risk
of cancer-related mortality via the apoptosis resistance pathway. Expression of pAkt and sur-
vivin could be used as a prognostic indicator for gastric cancer.
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Deregulated apoptosis is essential in carcinogenesis because
it aberrantly prolongs cell survival and promotes the accumula-
tion of transforming mutations.' Gastric cancers, one of the most
common malignancies in the world,’ use several mechanisms to
inhibit apoptosis and prolong cancer cell survival.* One emerging
key regulator of apoptosis is Akt, a serine/threonine kinase that
serves as a central mediator of phosphatidylinositol 3-kinase
(PI3K) signaling.

PI3K and Akt are involved in a wide range of responses that
drive tumor progression-from cell growth and proliferation to
survival and motility." Blockade of the PI3K-Akt pathway has
been reported to induce cancer cell apoptosis and tumor suppres-
sion in some human cancers such as breast and prostate cancers.*
Akt activation is also associated with enhanced tumor cell inva-

sion. Akt enhances invasiveness of pancreatic carcinoma cells
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via up-regulation of insulin-like growth factor 17 and increases
secretion of matrix metalloproteinases 2 and 9 from immortal-
ized mammary epithelial cells and ovarian carcinomas.*” A pre-
vious study demonstrated that the constitutive activation of Akt
in cancer cells gave rise to the cell-cell detachment and the
increased motility required for tissue invasion."

Considering the influence of gastric carcinoma on cancer epi-
demiology in Asian countries in association with cancer mortality;’
we hypothesized that the expression status of the active form of
Akt, ie., phosphorylated Akt (pAkt), as detected by immunohis-
tochemistry in histological specimens from patients with gastric
carcinoma, could be used to predict the survival time of individ-
ual patients. Furthermore, we compared the prognostic poten-
tial of pAkt with that of another representative antiapoptotic

protein, survivin.



pAkt Expression in Gastric Adenocarcinoma

In the present study, we investigated the expression of pAkt
and survivin in gastric carcinoma using immunohistochemistry,
and their association with clinicopathological parameters and
survival. We also evaluated the potential value of the expression
of pAkt and survivin as clinically applicable prognostic indicators.

MATERIALS AND METHODS
Patients and tumor samples

Gastric adenocarcinoma specimens were obtained from 144
patients who had undergone curative surgical resection between
1998 and 1999 at Chonnam National University Hospital. The
availability of adequate tissue material and clinical follow-up
data were the only inclusion criterion. The patients ranged in
age from 35 to 84 years (average, 62.0); 101 were men, and 43
were women. No patient had received pre- or post-operative
chemotherapy or radiation therapy. Tumor staging was done in
accordance with the American Joint Committee on Cancer Stag-
ing system." Patients were followed for an average follow-up
time of 49.1 months (range, 1 to 80 months) to determine clin-
ical outcomes. Tumors were divided into two histological sub-
groups: a differentiated type that consisted of papillary and tubu-
lar adenocarcinomas, and an undifferentiated type that consisted
of poorly differentiated adenocarcinomas, signet ring cell carci-
nomas, and mucinous adenocarcinomas. This study was approved
by the Institutional Review Board of Chonnam National Uni-
versity Hospital.

Immunohistochemistry

We reviewed hematoxylin and eosin stained slides of tumor
specimens, and selected tissue blocks that included the edge of
the tumor area for formalin-fixing and paraffin-embedding. Anti-
bodies for pAkt (1 : 100, monoclonal, Cell Signaling Tec., MA,
USA), and survivin (1 : 800, monoclonal, Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) were used for immunohistochem-
ical analysis. Immunostaining was petformed using the avidin-
biotin complex method. Briefly, representative paraffin blocks
wete cut consecutively at 4 micron thickness and immunohis-
tochemical staining was carried out using a Microprobe Immuno/
DNA stainer (Fisher Scientific, Pittsburgh, PA, USA). Sections
were deparaffinized in xylene and treated with 0.3% hydrogen
peroxide in methanol for 20 minutes to block endogenous per-
oxidase activity. For pAkt and survivin, sections were subjected
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to pressure-cooking for 7 minutes in 10 mM citrate phosphate
buffer (pH 6.0) and then incubated with primary antibodies for
120 minutes at room temperature. Anti-mouse immunoglobu-
lin G (Sigma, St. Louis, MO, USA) labeled with biotin was used
as a secondary antibody for the detection of primary antibodies;
slides were incubated with this secondary antibody for 7 minutes
at 45°C . The Vector Elite ABC detection kit (Vector Laborato-
ries, Burlingame, CA, USA) with 3,3’ -diaminobenzidine
tetrahydrochloride (Sigma) was used as the chromogen. Sec-
tions were counterstained with hematoxylin and mounted in
Universal Mount (Research Genetics, Huntsville, AL, USA)
reagent. Negative controls were treated similarly with the
exception that primary antibodies were omitted.

Assessment of pAkt and survivin expression

All immunostained slides were evaluated independently by
two independent observers and evaluation was done twice with-
out the evaluator having any knowledge of the clinical details.
Sections from a block of infiltrating breast carcinoma were
stained as positive controls for pAkt and survivin. Scoring for
staining intensity was done as follows: 0, no appreciable stain-
ing in tumor cells; 1, barely detectable staining in cytoplasm
and/or nucleus as compared with stromal elements; 2, readily
appreciable brown staining distinctly marking the tumor cell
cytoplasm and/or nucleus; and 3, dark brown staining in tumor
cells completely obscuring the cytoplasm and/or nucleus. This
scoring system has been reported previously.” The percentage of
stained tumor cells was scored as 0 (none), 1 (1% to 10%), 2
(11% to 50%), or 3 (51% to 100%). Immunoreactivity was
considered low if the sum of the proportion score and the inten-
sity score was between 0 and 3 and high if the sum was between
4 and 6. Immunohistochemical staining was re-evaluated for
cases showing disagreement between observers. Two patholo-
gists reviewed those cases together, and reached an agreement
for samples that had had inconclusive results.

Statistical analysis

Statistical analysis was done with the SPSS ver. 15.0 (SPSS
Inc., Chicago, IL, USA). The relationship between expression
of proteins and categorical variables was compared by the X’
test, or when appropriate, the Fisher exact probability test. The
strength of association between pAkt and survivin was assessed
by the Spearman rank correlation test. Survival curves were
estimated using the Kaplan-Meier method. The distribution of
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survival was comparatively studied using the log-rank test. For
multivariate analysis, independent prognostic factors were detet-
mined using Cox’s proportional hazard model. The level of sig-
nificance was set at p < 0.05.

RESULTS

Clinicopathological features of our cases are summarized in
Table 1. High expression of pAkt protein was detected in 56.9%
(82 of 144 cases) of gastric cancers. As shown in Fig. 1, pAkt was
mainly localized in the nucleus and partially in the cytoplasm of
the cancer cells. Results from the analysis of correlation between
pAkt expression and various clinicopathological factors are pre-

Table 1. Correlation between pAkt/survivin expression and clin-
icopathological parameters of gastric cancer

pAkt Survivin
immunoreactivity immunoreactivity

Low High p-value Low High p-value

Age (yr)
< 62 26 36 0474 34 28 0.005
> 62 36 46 63 19
Sex
Man 38 63  0.034 69 32 0425
Woman 24 19 28 15
Tumor size (cm)
< 43 37 52 0.388 59 30 0436
>43 25 30 38 17
Histologic type
Differentiated 28 45  0.162 40 33 0.001
Undifferentiated 34 37 57 14
Lauren classification
Intestinal 19 36 0.268 28 27 0.028
Diffuse 37 37 60 14
Mixed 6 9 9 6
Depth of invasion
Tis 8 7 0022 14 1 <0.001
T1 8 6 12 2
T2 16 11 23 4
T3 29 53 45 37
T4 1 5 3 3
Lymph node metastasis
NO 39 29  0.001 56 12 < 0.001
N1 13 26 23 16
N2 9 15 12 12
N3 1 iR 5 7
Distant metastasis
MO 58 64 0012 88 34 0.003
M1 4 17 8 13
Stage
0&l 28 19 <0.001 41 6 <0.001
Il 15 14 22 7
1l 14 23 22 15
Y 5 26 12 19
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sented in Table 1. High pAkt expression was significantly asso-
ciated with depth of invasion (p = 0.022), regional lymph node
metastasis (p = 0.001), distant metastasis (p = 0.012), and stage
(p < 0.001).

We also analyzed the relationship between expression of pAkt
and survivin in gastric cancer tissues. The results showed high
survivin immunostaining in 32.6% (47 of 144 cases) of the can-
cers. Fig. 2 displays an expression pattern of survivin that was
similar to that of pAkt. High survivin expression was associated
with age of the patient (p = 0.005), histological type (p = 0.001),
Lauren classification (p = 0.028), depth of invasion (p < 0.001),
regional lymph node metastasis (p < 0.001), distant metastasis
(p = 0.003), and stage (p < 0.001), but was not associated with
sex, and tumor size (p > 0.05) (Table 1). High pAke expression
significantly correlated with survivin expression (p = 0.001, p =
0.276). When interpretation was limited to a pAkt-low/survivin-
low group (51 of 144 cases) and a pAke-high/survivin-high group
(36 of 144 cases), expression status also showed a strong associ-
ation with all clinicopathological factors except for sex and tumor
size (data not shown). However, this apparently additive inter-
action between pAkt and survivin expression was not proven
when validated by Cox’s proportional hazard model (p = 0.584).

Kaplan-Meier curves were plotted using staining results to
determine prognostic benefits of pAkt and survivin expression
in gastric cancer. pAkt-low patients survived significantly longer
than pAkt-high patients (median survival period, 69.2 months
vs 49.7 months, respectively; p = 0.001) (Fig. 3). Survivin-low
patients also survived longer than survivin-high patients (medi-
an survival period, 66.3 months vs 39.6 months, respectively; p
< 0.001) (Fig. 4).

Table 2 shows the results of a multivariate analysis using Cox
proportional hazards. The covariates included in the model were
pAkt expression, survivin expression, stage, histological type,
Lauren classification, tumor size, age, and sex. The results revealed
that stage and survivin expression were independent prognostic
factors.

DISCUSSION

The protein kinase Akt has been spotlighted as an important
regulator of cell proliferation and survival in recent years." In
humans, three members of the Akt family designated AKT1,
AKT2, and AKT3, are located on chromosomes 14932, 19q13,
and 1g44, respectively.”” Akt activation is explained by a multi-
step model that requires translocation of Akt to the cell mem-
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Fig. 1. Assessment of pAkt immunoreactivity according to staining intensity. (A) score 3, (B) score 2, (C) score 1, (D) score O.

brane and phosphorylation of Akt at Thr308 and Ser473." Acti-
vated Akt has been reported to regulate the apoptotic process by
phosphorylating substrates such as Bcl-2 antagonist of cell death,
Forkhead transcription factors, caspase 9, and I«B kinase (IKKa)
in order to influence nuclear factor-«B (NF-«xB) and glycogen
synthase kinase (GSK-3f).* The Akt kinases are major down-
stream mediators of growth factor receptor tyrosine kinases that
signal via PI3K

The present study revealed a significant association between
increased pAkt expression and shorter survival time for patients
with gastric cancer, suggesting a potential benefit of pAkt as a
prognostic marker in patients with gastric carcinoma. Expression
of pAkt was also associated with major clinicopathological param-
eters, as was the expression of survivin. In a previous study, there
was no significant correlation between pAkt expression and clini-
copathological variables.” This discrepancy seems to be due to
different criteria being used to define a critical expression level.
Murakami ¢z a/.” classified pAkt expression into three categories;
negative staining, low expression (1-50% of carcinoma cells

werte positive), and high expression (> 50% of carcinoma cells
wete positive). We divided the level of protein expression in the
total tumor by the intensity and areas of expression. This differ-
ence in methods used to evaluate the amount of protein expres-
sion may account for the difference in expression rate between
that obtained in this report and previous studies. Cinti ez 2/."°
found results similar to ours-that pAkt expression is inversely
correlated with patient survival in gastric cancers. Moreover, they
noticed that high expression of nuclear pAkt rather than cytoplas-
mic pAke is linked to a low apoptotic index in association with
some cell cycle regulators.

Survivin is the smallest member of the mammalian inhibitor
of apoptosis family with a molecular weight of 16.5 kDa.” Sur-
vivin inhibits caspase-3 and -7 in cells, and its overexpression can
lead to resistance to cell death caused by various apoptotic stim-
uli.”® However, accumulating evidence has suggested that sur-
vivin is involved in both caspase-dependent and -independent
apoptotic controls and, furthermore, in prolonging cellular lifes-
pan.? Survivin is abundantly expressed in proliferating fetal tis-
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Fig. 2. Assessment of survivin immunoreactivity according to staining intensity. (A) score 3, (B) score 2, (C) score 1, (D) score 0.
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Fig. 3. Kaplan-Meier survival curves correlating disease specific
survival with pAkt positive or negative expression.

sues but barely detectable in terminally differentiated adult tis-
sues.” It is prominently re-expressed in transformed cell lines
and human cancers.”” Furthermore, the expression of survivin
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Fig. 4. Kaplan-Meier survival curves correlating disease specific
survival with survivin positive or negative expression.

in the vast majority of human cancers including gastric cancer
is enhanced and associated with a more progressive disease and
with unfavorable outcomes.”* It is also involved in the resistance



pAkt Expression in Gastric Adenocarcinoma

Table 2. Multivariate analyses of prognostic variables

Hazard ratio  95% Confidence interval p-value

pAkt 1.55 0.76-3.19 0.23
Survivin 2.00 1.10-3.64 0.02
Stage

Stage (1) 9.41 1.12-78.97 0.04
Stage (2) 28.38 3.75-214.68 0.00
Stage (3) 53.25 6.90-410.71 0.00
Lauren classification 0.79 0.42-1.51 0.23
Tumor size 1.02 0.92-1.13 0.78
Age 1.02 0.99-1.06 0.23
Sex 0.76 0.38-1.50 0.42

to chemotherapy observed in certain tumors.**

The results of multivariate analysis demonstrated a significant
potential for survivin expression as an independent prognostic
factor. In the current study survivin expression as a prognostic
indicator was as potent as stage was. Its usefulness may be
strengthened by combined analysis with pAkt expression con-
sidering the correlation between them. One of the limitations
of our study was our use of immunohistochemical staining to
detect expression of pAkt and survivin, which was more quali-
tative than quantitative. The precise determination of the role
of pAkt with quantitative methods and correlation with survivin
expression are warranted in future studies.

Survivin has been reported to be a target of Akt in several cell
types. Akt was first identified as a positive regulator of survivin

expression in endothelial cells,”

while other studies designated
survivin as an anti-apoptotic target responsive to cytokines and
other pro-survival factors in leukemia and prostate cancer.”* A
requirement of the PI3K-Akt pathway for survivin expression
has been shown in myeloma cells, in which apoptosis induced
by a specific Akt inhibitor was counteracted by survivin expres-
sion via abrogation of NF-kB transcriptional activity.”

As stated above, there is strong evidence that survivin is a cru-
cial downstream target of Akt and is likely to be responsible for
many of the apoptosis-related consequences of Akt activation. In
contrast, blockade of the PI3K/Akt pathway did not affect sur-
vivin expression.” Given the inconsistent results on the relation-
ship between pAkt and survivin expression, it might be inferred
that pAkt has influences on apoptosis by both surivivin-depen-
dent and survivin-independent mechanisms. The results of the
present study showed that the greatest prognostic benefits could
be obtained with combined pAkt and survivin expression, imply-
ing that targeted therapy focusing on the pAkt-survivin path-
way would be more effective than that focusing on other possible
mechanisms. Nonetheless, it is still unclear how or whether Akt

activation is a causal mechanism for increased expression of sut-
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vivin. Further investigation of the relationship between the
PI3K/Akt and survivin pathways is required to fully understand
the effects of expression of these apoptosis-related proteins.

The absence of an appropriate adjuvant therapy other than radi-
cal gastrectomy remains the main obstacle to improving survival
for patients with advanced gastric cancer. Developing an advanced
therapeutic approach to a chemoresistant cancer such as gastric
cancer poses a major challenge. If overcome, it might lead to sig-
nificant advances in treatment. Understanding the molecular
mechanisms involved in the chemoresistant feature of gastric
cancer is critical for a basic understanding of gastric cancer biolo-
gy, as well as for designing targeted therapies. A better under-
standing of these details will undoubtedly provide new insights
and opportunities for pharmacological intervention in PI3K-Akt-
pathway-driven cancers.

In summary, we investigated the expression of activated Akt in
association with survivin exptession in 144 human gastric cancers
using immunohistochemistry. We also showed that the status of
pAkt and survivin expression is related to the outcome of patients
with gastric cancer and to the clinically important parameters. In
this regard, the present study provides some basis for the sug-
gestion that pAkt-survivin signaling pathway is a promising
therapeutic target in gastric cancer.

REFERENCES

1. Thompson CB. Apoptosis in the pathogenesis and treatment of dis-
ease. Science 1995; 267: 1456-62.

2. Fenoglio-Preiser C, Carneiro F, Correa P, et al. Gastric carcinoma. In:
Hamilton SR, Aaltonen LA, eds. Pathology and genetics of tumours
of the digestive system. 3rd ed. Lyon: IARC Press, 2000; 39-52.

3. van der Woude CJ, Kleibeuker JH, Jansen PL, Moshage H. Chronic
inflammation, apoptosis and (pre-) malignant lesions in the gastro-
intestinal tract. Apoptosis 2004; 9: 123-30.

4. Vivanco I, Sawyers CL. The phosphatidylinositol 3-Kinase AKT path-
way in human cancer. Nat Rev Cancer 2002; 2: 489-501.

5. Pérez-Tenorio G, Stal O. Activation of AKT/PKB in breast cancer
predicts a worse outcome among endocrine treated patients. Br ]
Cancer 2002; 86: 540-5.

6. Kreisberg JI, Malik SN, Prihoda TJ, ef al. Phosphorylation of Akt
(Ser473) is an excellent predictor of poor clinical outcome in prostate
cancer. Cancer Res 2004; 64: 5232-6.

7. Tanno S, Mitsuuchi Y, Altomare DA, Xiao GH, Testa JR. AKT activa-
tion up-regulates insulin-like growth factor I receptor expression and

promotes invasiveness of human pancreatic cancer cells. Cancer Res



258

2001; 61: 589-93.

8. Park BK, Zeng X, Glazer RI. Akt1 induces extracellular matrix inva-
sion and matrix metalloproteinase-2 activity in mouse mammary
epithelial cells. Cancer Res 2001; 61: 7647-53.

9. Thant AA, Nawa A, Kikkawa F, et al. Fibronectin activates matrix
metalloproteinase-9 secretion via the MEK1-MAPK and the PI3K-
Akt pathways in ovarian cancer cells. Clin Exp Metastasis 2000; 18:
423-8.

10. Grille 5], Bellacosa A, Upson J, et al. The protein kinase Akt induces
epithelial mesenchymal transition and promotes enhanced motility
and invasiveness of squamous cell carcinoma lines. Cancer Res 2003;
63:2172-8.

11. Greene FL, Page DL, Fleming ID, et al. AJCC cancer staging manu-
al. 6th ed. New York: Springer-Verlag, 2002; 99-106.

12.Freitas S, Moore DH, Michael H, Kelley MR. Studies of
apurinic/ apyrimidinic endonuclease/ref-1 expression in epithelial
ovarian cancer: correlations with tumor progression and platinum
resistance. Clin Cancer Res 2003; 9: 4689-94.

13. Murthy SS, Tosolini A, Taguchi T, Testa JR. Mapping of AKT3, encod-
ing a member of the Akt/protein kinase B family, to human and
rodent chromosomes by fluorescence in situ hybridization. Cyto-
genet Cell Genet 2000; 88: 38-40.

14. Alessi DR, James SR, Downes CP, et al. Characterization of a 3-phos-
phoinositide-dependent protein kinase which phosphorylates and
activates protein kinase Balpha. Curr Biol 1997; 7: 261-9.

15. Murakami D, Tsujitani S, Osaki T, et al. Expression of phosphorylat-
ed Akt (pAkt) in gastric carcinoma predicts prognosis and efficacy
of chemotherapy. Gastric Cancer 2007; 10: 45-51.

16. Cinti C, Vindigni C, Zamparelli A, et al. Activated Akt as an indica-
tor of prognosis in gastric cancer. Virchows Arch 2008; 453: 449-55.

17. Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene, sur-
vivin, expressed in cancer and lymphoma. Nat Med 1997; 3: 917-21.

18.Shin S, Sung BJ, Cho YS, ef al. An anti-apoptotic protein human sur-
vivin is a direct inhibitor of caspase-3 and -7. Biochemistry 2001; 40:
1117-23.

Soong Lee - Yun-Cheol Kim - Hyeon-Min Lee, et al.

19.Li F, Ling X. Survivin study: an update of “what is the next wave"?
J Cell Physiol 2006; 208: 476-86.

20. Adida C, Crotty PL, McGrath J, Berrebi D, Diebold ], Altieri DC.
Developmentally regulated expression of the novel cancer anti-apop-
tosis gene survivin in human and mouse differentiation. Am J Pathol
1998; 152: 43-9.

21. Grabowski P, Kithnel T, Mithr-Wilkenshoff F, et al. Prognostic
value of nuclear survivin expression in oesophageal squamous cell
carcinoma. Br ] Cancer 2003; 88: 115-9.

22.Meng H, Lu C, Mabuchi H, Tanigawa N. Prognostic significance
and different properties of survivin splicing variants in gastric can-
cer. Cancer Lett 2004; 216: 147-55.

23. Ponnelle T, Chapusot C, Martin L, et al. Cellular localisation of sur-
vivin: impact on the prognosis in colorectal cancer. ] Cancer Res
Clin Oncol 2005; 131: 504-10.

24. Soengas MS, Lowe SW. Apoptosis and melanoma chemoresistance.
Oncogene 2003; 22: 3138-51.

25. Notarbartolo M, Cervello M, Poma P, Dusonchet L, Meli M,
D’Alessandro N. Expression of the IAPs in multidrug resistant tumor
cells. Oncol Rep 2004; 11: 133-6.

26. Papapetropoulos A, Fulton D, Mahboubi K, ef al. Angiopoietin-1
inhibits endothelial cell apoptosis via the Akt/survivin pathway. |
Biol Chem 2000; 275: 9102-5.

27. Carter BZ, Milella M, Altieri DC, Andreeff M. Cytokine-regulated
expression of survivin in myeloid leukemia. Blood 2001; 97: 2784-90.

28.Fornaro M, Plescia J, Chheang S, et al. Fibronectin protects prostate
cancer cells from tumor necrosis factor-alpha-induced apoptosis
via the AKT/survivin pathway. ] Biol Chem 2003; 278: 50402-11.

29. Mitsiades CS, Mitsiades N, Poulaki V, ef al. Activation of NF-kappaB
and upregulation of intracellular anti-apoptotic proteins via the IGF-
1/ Akt signaling in human multiple myeloma cells: therapeutic impli-
cations. Oncogene 2002; 21: 5673-83.

30.Kanda N, Seno H, Konda Y, et al. STAT3 is constitutively activated
and supports cell survival in association with survivin expression in
gastric cancer cells. Oncogene 2004; 23: 4921-9.



