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Abstract: Activation of Akt (protein kinase B) and loss of phosphatase and tensin homolog (PTEN) expression have 
been associated with disease recurrence and reduced survival in several cancers.  We evaluated the expression 
patterns and prognostic value of active, phosphorylated Akt (pAkt) and PTEN in gastrointestinal (GI) carcinoid 
tumors. Total Akt, pAkt, and PTEN expression was assessed by Western blot analysis in 14 tumor samples from 
patients with GI carcinoid tumors.  Expression levels were quantified with volume analysis software and correlated 
with clinical parameters. Total Akt, pAkt, and PTEN proteins were detectable in all tumor samples.  The expression 
of activated pAkt and pAkt:PTEN ratios were significantly associated with elevated serum chromogranin A 
measurements (r=0.77 and 0.78, respectively, P≤0.02 for both).  In addition, pAkt:PTEN expression ratios 
positively correlated with older age (r=0.65, P=0.017).  Increased pAkt and pAkt:PTEN expression both were 
associated with reduced survival (r= -0.51, P=0.06 and r= -0.50, P=0.09, respectively).  Patients with pAkt:PTEN 
ratios greater than one also had dramatically reduced overall survival, but this finding did not achieve statistical 
significance (36 vs. 153 months, P=0.19). These data suggest that pAkt and PTEN expression levels may be 
useful tools in understanding tumor biology and perhaps predicting survival in patients with carcinoid tumors.    
Furthermore, cumulative mutations may lead to upregulation of pAkt and loss of PTEN expression as patients age 
explaining why older age is associated with a worse prognosis in patients with carcinoid tumors.   
 
Key words: Carcinoid tumors, Akt, PTEN, chromogranin A, survival 
 
 
 
 
Introduction 
 
Carcinoid tumors account for nearly 50 
percent of all neuroendocrine cancers and 
have  nearly doubled in incidence over the last 
five decades [1].  The majority of carcinoids 
occur in the gastrointestinal (GI) tract and are 
unresectable and/or metastatic at the time of 
presentation [1].  In neuroendocrine cancers, 
such as GI carcinoids, tumorigenesis is 
thought to occur secondary to the 
accumulation of genetic mutations that result 
in upregulation of oncogenes and 
downregulation of tumor suppressor genes [2].  
However, the molecular mechanisms and 
alterations that lead to the development of GI 
carcinoid tumors are poorly understood.   
 
Activation of the proto-oncogene Akt (protein 
kinase B) and the phosphatidylinositol 3-

kinase (PI3K)-Akt pathway has been shown to 
play a role in the progression of several 
cancers [3-8].  In the neuroendocrine tumors 
medullary thyroid and small cell lung cancer, 
upregulation of Akt also has been shown to be 
involved in tumor growth [3, 9].  PI3K is a 
receptor tyrosine kinase activated by growth 
factors such as epidermal growth factor (EGF), 
platelet-derived growth factor (PDGF), and 
insulin growth factor (IGF) [10].  In patients 
with neuroendocrine tumors, expression of 
EGF receptor (EGFR) has previously been 
shown to correlate with activated Akt 
expression [11].  PI3K activation leads to the 
phosphorylation of Akt by phosphatidylinositol-
3,4,5-triphosphate (PIP3) directly or through 
inositol phosphate-dependent dehydrogenase 
kinase-1 (PDK1) [10].  To generate PIP3, PI3K 
first phosphorylates phosphatidylinositol-4,5-
bisphosphate (PIP2) which then recruits the 
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serine threonine kinase, Akt [10].  Two 
individual Akt residues, threonine 308 and 
serine 473, must be phosphorylated for 
activation to occur [10].   
 
Activated Akt (pAkt) then regulates cell survival 
by promoting cell cycle progression and 
inhibiting apoptosis [10].  Akt activation 
facilitates cell cycle progression through its 
effects on glycogen synthase kinase 3 (GSK3) 
and mammalian target of rapamycin (mTOR) 
[10].  Akt also phosphorylates and deactivates 
pro-apoptotic proteins, such as the Bcl-2, Bad, 
p53, and the forkhead family transcription 
factors [10].  Akt activation is inhbited by 
phosphatase and tensin homolg (PTEN), a 
well-known tumor suppressor located on 
chromosomal band 10q23 [12].  PTEN 
prevents PIP2 and PIP3 phosphorylation by 
inhibiting PI3K [12].  Loss-of-function 
mutations of PTEN lead to activated Akt [12].     
In various cancers, PTEN loss has been 
indentified as a component of tumor formation 
with subsequent PI3K-Akt activation [6, 13, 

14].  Expression patterns of Akt and PTEN 
have been correlated with recurrence and 
survival in patients with colorectal and 
endometrial carcinomas [6, 14, 15].  
Furthermore, in patient with breast, gastric, 
hepatocellular, renal cell, and prostate cancer, 
expression of activated Akt has been shown to 
predict survival and clinical outcome [4, 5, 7, 
16-22].  However, the expression patterns and 
importance of PI3K-Akt and PTEN in GI 
carcinoid tumors is unclear.   The aims of the 
current study were to establish pAkt and PTEN 
expression in GI carcinoid tumors, and to 
determine whether expression of these 
proteins correlated with clinicopathologic data, 
such as demographics, tumor variables, and 
outcome measures. 
 
Materials and method 
 
Human tissue samples 
 
Human GI carcinoid tumor samples (n=14) 
were obtained during surgical resection from 

 
Table 1. Patient Demographics and Tumor Characteristics 

 Patients 

Number 13 

Age, years (range)   57 ± 3 (30-77) 

Sex, M:F ratio 6:7 

Tumor size, cm 2.3 ± 0.6 

Location of tumor  

     Small Bowel (%) 4 (29) 

     Appendix (%) 1  (7)  

     Stomach (%) 2 (14) 

     Liver metastases (%) 6 (43) 

     Other (%) 1  (7) 

Disease spread  

     Localized 2 (15) 

     Regional  2 (15) 

     Distant metastases 9 (70) 

Synchronous liver metastases (%) 10 (77) 

Carcinoid syndrome present (%) 7 (54) 

Serum Chromogranin A, ng/mL (nl 0-51) 198 ± 89 

Urine 5-HIAA, mg/L (nl 0-15) 42 ± 15 

Residual/recurrent disease (%) 7 (58) 

Survival, Dead:Alive  2:11 
*Results reported as mean ± SE where appropriate.   
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13 patients who underwent surgery at the 
University of Wisconsin Hospitals and Clinics, 
Madison, WI, from 2002 to 2007.  A specimen 
from normal ileal tissue was obtained for 
control.  Tumor histology was verified by 
pathologic review.  The benign and malignant 
tissues were snap-frozen in liquid nitrogen and 
stored at -80ºC until protein isolation was 
performed.  Tumor cell lysates were prepared 
from the frozen samples by pulverizing in 
liquid nitrogen with a mortar and pestle.  The 
resultant powder was then lysed with lysis 
buffer and proteins isolated as previously 
described [23].  Informed consent was given in 
all cases.  Institutional Review Board approval 
was obtained, and research was conducted in 
accord with the ethical standards established 
by our institution. 
 
For all patients, data recorded included 
demographics and tumor information such as 
age, sex, preoperative diagnosis, and tumor 
pathology.  Additional laboratory, pathologic, 
and follow-up data were collected: serum 
chromogranin A, urinary 5-hydoxyindoleacetic 
acids (5-HIAA), tumor size and histological 
grade, presence of lymph node invasion and 
distant metastases, margin status, liver tumor 
burden, residual or recurrent disease, and 
endocrinopathy (ie, carcinoid syndrome) 
presence.  The mean age of the patients was 
57 years, and 7 (54%) were female (Table 1).  
The mean tumor size was 2.3 centimeters 
(cm).  Table 1 summarizes the locations and 
additional demographic data obtained on 
these patients.  One patient had tumor 
specimens collected from both a small bowel 
primary and liver metastasis.  The patients 
were analyzed according to disease spread: 
localized, regional spread, and distant 
metastasis.  The majority of the patients in this 
study had distant liver metastases and were 
alive at the time of last follow-up (85%).  The 
mean follow-up time was 46.9 months. 
   
Cell culture 
 
The human GI carcinoid cell line, BON, was 
obtained from Drs. B. Mark Evers and 
Courtney M. Townsend, Jr. (University of Texas 
Medical Branch, Galveston, TX) and 
maintained in Dulbecco’s modified Eagle 
medium-nutrient mixture Ham’s F-12K 
(DMEM/F12K, 1:1, Invitrogen, Carlsbad, CA) 
supplemented with 10% fetal calf serum 

(Sigma, St. Louis, MO), 100 IU/ml penicillin 
and 100μg/ml streptomycin (Invitrogen) in a 
humidified atmosphere of 5% CO2 at 37ºC as 
previously described [23].  Proteins were 
isolated from BON cells as described 
previously and used as a positive control on all 
gels [23].  
  
Western blot analysis 
 
Total cellular protein concentrations were 
measured by BCA (bicinchoninic acid) assay 
(Pierce Biotechnology, Rockford, IL).  Gel 
electrophoresis on NuPAGE® Novex® Bis-Tris 
10% Mini Gels (Invitrogen) was performed on 
denatured cellular extracts (30 - 40 μg) 
according to the manufacturer’s instructions, 
and then transferred onto nitrocellulose 
membranes (Bio-Rad Laboratories, Hercules, 
CA) by electroblotting.  The membranes were 
blocked in milk (5% non-fat dry milk and 
0.05% Tween 20 in phosphate buffered 
saline), and incubated with the appropriate 
primary antibody overnight at 4ºC.  The 
antibody dilutions were: 1:1000 for total Akt, 
pAkt, PTEN (Cell Signaling Technology, Beverly, 
MA), neuron specific enolase (NSE) and 
synaptophysin (Research Diagnostics Inc., 
Flanders, NJ); 1:2,000 for chromogranin A 
(CgA, Zymed Laboratories, San Francisco, CA), 
and 1:10,000 for glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH, Trevigen, 
Gaithersburg, MD).  After primary antibody 
incubation, the membranes were washed and 
horseradish peroxidase-conjugated goat anti-
rabbit or goat anti-mouse secondary 
antibodies (Pierce) were utilized depending 
upon the primary antibody source.  Immunstar 
(Bio-Rad) or SuperSignal West Femto (Pierce) 
kits were used for visualization of the protein 
signal per the manufacturer’s specifications.  
Quantification of protein bands was performed 
with the Quantity One program version 4.6.3 
(Bio-Rad).  Expression levels were calculated 
as a ratio of the index protein signal to GAPDH 
to control for protein loading and repeated to 
confirm results. 
  
Statistical analysis 
 
All data are reported as mean ± standard error 
(SE).  Categorical variables were analyzed by 
chi-square test, and continuous variables 
assessed by unpaired t tests where 
appropriate.  Pearson’s correlation test was 
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used to examine the relation between the 
expression of pAkt, PTEN, and pAkt:PTEN ratio 
and various clinicopathologic variables.  
Overall survival was analyzed by the Kaplan-

Meier actuarial method from the time of 
diagnosis to the date of last follow-up or death 
with statistical significance ascertained by log-
rank analysis.  All statistical calculations were 

Figure 1.  Expression of active, phosphorylated Akt (pAkt), total Akt, and phosphatase and tensin homolog 
(PTEN) was analyzed by Western blotting in 14 gastrointestinal (GI) carcinoid tumor samples (A).  Samples #1-
7 were intestinal or gastric in origin, while #8-13 were from hepatic metastases, and #14 was isolated from a 
peri-aortic lymph node.  Normal ileal tissue (far left) and BON cells (far right), a GI carcinoid tumor cell line, 
were also examined.  Chromogranin A (CgA), neuron specific enolase (NSE), and synaptophysin expression 
were used to confirm the neuroendocrine origin of the tissues (B).  Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was used as a loading control.  For densitometry analysis, a ratio of pAkt or PTEN to 
GAPDH was used.  A histogram of the intensity of each band is shown (C) with pAkt in black and PTEN in 
stripes.    
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performed using SPSS statistical software 
(version 10.0, SPSS Inc, Chicago, IL).  A P 
value of less than 0.05 was considered 
statistically significant.   
 
Results 
 
pAkt and PTEN expression in GI carcinoid 
tumors 
 
To address the role of pAkt and PTEN in GI 
carcinoid tumors, the expression of total Akt, 
pAkt (at serine 473), and PTEN were examined 
by Western blot analysis.  Active, pAkt and 
total Akt proteins were detectable by Western 
blot analysis in all 14 (100%) GI carcinoid 
tumor samples (Figure 1A).  PTEN expression 
also was observed in all samples (n=13) 
examined (Figure 1A).  Specimen #7 was not 
analyzed for PTEN expression due to lack of 
sufficient tissue and protein.  The 
neuroendocrine origin of the samples was 
confirmed by assessing levels of CgA (Figure 
1B).  In tumor samples that expressed minimal 
to no CgA (# 7-9, 11), both NSE and 
synaptohpysin levels were examined since 
these markers are highly expressed in 
neuroendocrine tissues.  Tumors that were 
weakly CgA positive (# 6, 14) underwent 
examination of only one additional 
neuroendocrine marker, NSE.  The normal 
tissue which was obtained from patient #1 
showed decreased pAkt, CgA, and NSE 
expression compared to the tumor sample 
from the same patient (Figures 1A and B).  In 
GI carcinoid patients, despite an expected 
negative relationship, pAkt and PTEN 
expression showed no significant correlation to 
each other (r = -0.12, P = 0.71).  In addition to 
assessing pAkt and PTEN expression 
separately, we examined the ratio of pAkt to 
PTEN (pAkt:PTEN) because this measure has 
previously been associated with survival [7].  
Four tumor samples (31%) had pAkt:PTEN 
ratios ratios greater than 1.  GAPDH was used 
as a loading control in all experiments, and 
BON cells were a positive control. 
  
Relationship of pAkt and PTEN expression to 
clinicopathologic measures 
 
The demographics and tumor characteristics 
of the 13 patients in this study are 
summarized in Table 1.  The correlation of the 
various clinicopathologic features of our GI 

carcinoid patients to pAkt and PTEN 
expression are delineated in Table 2.  In 
addition, Table 2 examines these features in 
relation to the pAkt:PTEN expression ratio.  A 
strong positive correlation was observed 
between the pAkt:PTEN ratio and older age (r = 
0.65, P = 0.017) (Table 2).   In addition, pAkt 
expression exhibited a moderately positive 
correlation with older age (r = 0.52, P = 0.06), 
while PTEN expression showed a weak 
negative correlation with older age (r = -0.47, 
P = 0.10) (Table 2).  These observations 
suggest that pAkt levels may increase and 
PTEN levels decrease with age in patients with 
GI carcinoid tumors.  pAkt and PTEN 
expression did not have any significant relation 
to sex, primary tumor size, tumor location, 
disease spread, or liver metastasis (Table 2).   
 
An additional significant positive correlation 
was seen between both the expression of pAkt 
and the pAkt:PTEN ratio and serum 
chromogranin A levels (r = 0.78, P = 0.016 
and r = 0.77, P = 0.021, respectively) (Table 
2).  pAkt expression and the pAkt:PTEN ratio 
also showed weak positive correlations with 
the presence of carcinoid syndrome and 
residual or recurrent disease, but these 
findings did not reach statistical significance 
(Table 2).  Furthermore, pAkt, PTEN, and 
pAkt:PTEN expression did not have any 
association with urine 5-HIAA levels (Table 2).  
The expression of PTEN was not correlated 
significantly to any of the variables examined, 
except a weak association to older age.  
  
Association of pAkt and PTEN expression to 
survival 
 
Several previous studies have correlated pAkt 
and PTEN expression to survival.  Therefore, 
we wanted to determine if pAkt, PTEN, or 
pAkt:PTEN were related to survival in patients 
with GI carcinoid tumors.  Table 2 shows that 
moderately negative correlations were 
observed for pAkt expression and the 
pAkt:PTEN ratio and survival (alive vs. dead) (r 
= -0.51, P = 0.063 and r = -0.50, P = 0.085, 
respectively).  We then divided these markers 
into 2 groups based on expression patterns.  
For pAkt, the patients were divided (by an 
independent, blinded researcher) into high 
pAkt and low pAkt expression.  Using Kaplan-
Meier survival analysis and log-rank 
comparison, patients with high pAkt 



AKT and PTEN in gastrointestinal carcinoid tumors 
 
 

 

Am J Transl Res 2009:1(3):291-299 296 

expression trended toward shorter overall 
mean survival compared to patients with low 
pAkt expression, though this finding was not 
statistically significant (65± 12 mos vs. 144 ± 
29 mos, P = 0.56).  Meanwhile, patients with 
low PTEN expression also had a shorter overall 
mean survival than patients with high PTEN 
expression, but again this result was not 
significant (39 ± 1 mos vs. 85 ± 24 mos, P = 
0.21).  The Kaplan-Meier survival curves for 

these patients based on PTEN expression is 
shown in Figure 2.  In addition, the expression 
of these markers was combined, and patients 
with pAkt:PTEN ratios were analyzed in 2 
groups: >1 and <1.  Survival analysis of these 
patients also showed a trend toward shorter 
mean survival for patients with pAkt:PTEN 
ratios > 1 compared to patients with ratios < 
1, but this observation also was not 
statistically significant (36.2 ± 0.3 mos vs. 

153.3 ± 23.2 mos, P = 0.19).  We 
were unable to determine median 
survival and produce Kaplan-Meier 
survival curves for all protein 
expression variables because the 
majority of patients were alive at last 
follow-up.   
 
Discussion 
 
In the present study, Western blot 
analysis showed that active, pAkt, total 
Akt, and PTEN were expressed in all GI 
carcinoid tissue samples analyzed.  
Our study also demonstrated that pAkt 
levels and the pAkt:PTEN ratio 
significantly correlated with serum CgA 
levels and older age.  In addition, we 
report that increased pAkt expression, 
low PTEN expression and pAkt:PTEN 
ratios greater than 1 trended toward 
an association with decreased survival.   
A significant amount of evidence 
points to the role of PI3K-Akt pathway 

Table 2. Relationship between clinicopathologic variables and pAkt and PTEN expression levels 
   P value  
Variable Number pAkt PTEN pAkt:PTEN  

Age  14 0.056 0.10 0.017 
Sex 14 0.99 0.80 0.84 
Tumor size 14 0.58 0.89 0.59 
Tumor location 14 0.50 0.99 0.51 
Disease spread 14 0.44 0.25 0.83 
Liver metastasis 14 0.39 

 
0.32 0.75 

Carcinoid syndrome 14 0.24 0.51 0.19 
Serum Chromogranin A level 9 0.016 0.48 0.021 
Urinary 5-HIAA level 8 0.67 0.80 0.74 
Residual/recurrent disease      13 0.21 0.43 0.18 
Survival 14 0.063 0.61 0.085 
*Significant values in bold type. 
Pearson’s correlation used for all analyses 

 

Figure 2.  Kaplan-Meier survival curve for PTEN expression.  
Patients with low PTEN expression (dotted line) trended toward 
decreased overall mean survival compared to patients with high 
PTEN expression (solid black line), but this result was not 
significant (39 ± 1 mos vs. 85 ± 24 mos, P = 0.21).   
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activation and PTEN loss in the tumorigensis 
of several cancers [10].  PI3K activity leads to 
the phosphorylation and activation of Akt 
creating pAkt.  Upregulated pAkt compared to 
surrounding benign tissue has been 
demonstrated in prostate cancer [5].  We 
observed pAkt expression in 100% of the GI 
carcinoid tumor samples analyzed.  In the one 
patient for whom normal tissue was available, 
pAkt expression was higher in the GI carcinoid 
tumor sample than the normal tissue.   
 
PTEN is a phosphatase that inhibits PI3K 
activation and, thus, Akt phosphorylation.  
Previous reports in sporadic colorectal, 
endometrial, and prostate cancer patients 
have correlated loss of PTEN expression with 
Akt upregulation [5, 14].  We found no 
significant relationship between pAkt and 
PTEN expression in our cohort of GI carcinoid 
patients, though 100% of the tumor samples 
analyzed expressed PTEN by Western blotting.  
In an examination of 9 carcinoid tumor 
samples by immunohistochemistry, Wang and 
colleagues also showed moderate or strong 
PTEN expression [13].  However, 54% of poorly 
differentiated neuroendocrine carcinomas 
were negative for PTEN suggesting that loss of 
PTEN expression is associated with advanced 
tumor progression and aggressive biologic 
behavior [13].  Furthermore, in carcinoids, loss 
of PTEN may not be an initiating event, but 
occur after tumor formation.  One drawback of 
our assessment of PTEN protein levels by 
antibody detection is that some PTEN 
mutations that lead to tumor formation may be 
hidden by this method.  Furthermore, this 
technique does not asses whether or not the 
PTEN protein is functional.  Further 
investigation is needed to determine the exact 
role of PTEN in GI carcinoids.   
 
In this investigation, our data demonstrated 
that increased pAkt expression and pAkt:PTEN 
ratios are significantly associated with higher 
serum CgA levels (Table 2).  While pAkt 
expression and pAkt:PTEN ratios also 
positively correlated with the presence of 
carcinoid syndrome and residual or recurrent 
disease, these observations were not 
statistically significant.  Furthermore, no 
relationship was demonstrated between any of 
the expression levels and urine 5-HIAA 
measurements.  Few studies have examined 
serum tumor markers in relation to pAkt or 

PTEN expression.  However, in patients with 
sporadic colorectal cancer, preoperative 
serum CEA levels have been correlated with 
pAkt expression [14].  Our data support this 
relationship between pAkt and tumor markers.  
We found no relationship between sex, tumor 
stage, size, location, or metastasis presence 
and pAkt, PTEN, or pAkt:PTEN.   
 
Additional findings in this study were 
significant positive correlations between both 
pAkt expression and the pAkt:PTEN ratio and 
older age (Table 2).  Conversely, we also show 
a trend toward reduced PTEN expression and 
an association with younger age (Table 2).  To 
the best of our knowledge, pAkt expression 
has not previously been documented as 
having a relationship to age in human cancers.  
However, in a study by Colakoglu et al, PTEN 
expression was negatively associated with 
younger age [14].  According to these data, 
increased pAkt and decreased PTEN 
expression may be related to age in patients 
with GI carcinoid tumors.   
 
In several reports, pAkt overexpression and 
loss of PTEN have been shown to predict 
survival [4, 7, 15-19, 21].  However, the 
relationship of pAkt and PTEN expression to 
survival in GI carcinoids is unknown.  In this 
study, we were unable to demonstrate a 
statistically significant association between 
pAkt, PTEN, or pAkt:PTEN and survival.  
Nonetheless, pAkt expression and the 
pAkt:PTEN ratio both showed moderate 
correlations to reduced overall survival.  Prior 
studies have shown that older age is a poor 
prognostic variable and is connected with 
decreased survival in patients with GI 
carcinoid tumors [24, 25].  The connection 
seen here between pAkt and both age and 
survival may provide an explanation for the 
association between age and survival in this 
patient population.   
 
The results of this study are certainly limited by 
the retrospective design and small sample 
size.  The tumor specimens also were from a 
variety of GI locations and were overall 
relatively clinically benign despite 77% of 
patients having metastatic disease.  This 
observation may explain why all samples 
expressed PTEN.  In addition, biochemical 
markers such as serum CgA and urine 5-HIAA, 
were not measured in all participants.  
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Reliable data on extrahepatic metastases, a 
variable known to influence survival, were not 
available.   
 
In summary, our data indicate that Akt is 
activated and PTEN is present in differentiated 
GI carcinoid tumors.  Furthermore, expression 
of these molecules may be useful prognostic 
parameters in this population.  Further 
investigation in a larger sample is certainly 
warranted.  Additionally, direct inhibition of 
pAkt may be a therapeutic option in the 
treatment of patients with GI carcinoid tumors.   
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