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Abstract
BACKGROUND—The PI3K/Akt/mTOR pathway plays a critical role in the growth and
progression of colorectal cancer (CRC). The purpose of our study was twofold: 1) to determine the
expression levels of several key components of this pathway including p85α, Akt1, Akt2, p-
mTORSer2448 and p-p70S6KThr389 in CRCs, and 2) to correlate the expression of these proteins with
cancer stage and location (left- vs. right-sided).

STUDY DESIGN—Immunohistochemistry for p85α, Akt1, Akt2, p-mTORSer2448 and p-
p70S6KThr389 was performed on normal colon and CRCs from 154 patients.

RESULTS—All proteins investigated were significantly overexpressed in CRCs compared to
matched normal colonic tissue from the same patient (p<0.0001). The PI3K pathway component
proteins were moderately correlated across normal and malignant colon tissues; correlations tended
to be stronger in normal tissues as compared to the same correlations in cancers. Expression levels
of p85α were significantly higher in Stage IV cancers than in Stage I–III cancers (p = 0.0005);
interestingly, p85α expression was also significantly increased in the adjacent normal colonic mucosa
of patients with Stage IV CRC compared with earlier stages (p=0.003). Finally, expression of Akt1,
Akt2, and p-p70S6KThr389 was higher in left-sided CRCs compared with CRCs in the right colon (p
= 0.007, p = 0.0008, and p = 0.04, respectively).

CONCLUSIONS—The PI3K/Akt/mTOR pathway components, p85α, Akt1, Akt2, p-
mTORSer2448 and p-p70S6KThr389, are highly overexpressed in CRCs thus providing the rationale

© 2009 American College of Surgeons. Published by Elsevier Inc. All rights reserved.
Correspondence address: B Mark Evers, MD, Markey Cancer Center, University of Kentucky, 800 Rose Street, CC140, Lexington, KY
40536-0093, Telephone: (859) 323-6556, FAX: (859) 323-2074, mark.evers@uky.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.
Presented at Southern Surgical Association 121st Annual Meeting, Hot Springs, VA, December 2009.

NIH Public Access
Author Manuscript
J Am Coll Surg. Author manuscript; available in PMC 2011 May 1.

Published in final edited form as:
J Am Coll Surg. 2010 May ; 210(5): 767–778. doi:10.1016/j.jamcollsurg.2009.12.008.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for targeting this pathway therapeutically in CRC patients. The increased expression of p85α in the
adjacent normal mucosa of Stage IV patients suggests an important field defect, which may contribute
to the growth and progression of these cancers.
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INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of cancer deaths in the United States
(1). When localized to the mucosa and submucosa of the bowel wall (Stage I), the five-year
survival rate approaches 100% after surgical resection; however, metastasis to lymph nodes
(Stage III) results in a precipitous decrease in five-year survival (2). Systemic metastasis (Stage
IV) is associated with a five-year survival that is less than 5%. Despite recent advances in the
treatment regimens for CRC, the underlying mechanisms regulating the growth and
progression of CRCs are not entirely known. A better understanding of the signaling pathways
responsible for these processes will facilitate development of novel therapeutic strategies and
further enhance patient survival.

The phosphatidylinositol 3-kinase/Akt/mammalian target of rapamycin (PI3K/Akt/mTOR)
signaling axis plays a critical role in the proliferation, resistance to apoptosis, angiogenesis and
metastasis that is central to the development and maintenance of CRCs (3–6). Heterodimeric
Class I PI3Ks are composed of a Src homology-2 domain-containing regulatory subunit (p85)
and a 110-kDa catalytic subunit (p110) (4). The effects of PI3K on tumor growth and
progression are thought to be mediated by Akt, a downstream effector of PI3K (7). PI3K-
generated D3-phosphorylated phosphoinositides bind to the pleckstrin homology (PH) domain
of both protein kinase B (PKB/Akt) and phosphoinositide-dependent kinase-1 (PDK-1) and
induce their translocation to the plasma membrane where PDK-1 phosphorylates the Akt kinase
at the Threonine 308 residue and activates it (4). The Akt kinase family is composed of three
members: Akt1, Akt2 and Akt3. All three isoforms are structurally homologous and share
similar mechanisms of activation but exhibit distinct features (4). Akt is overexpressed in a
number of cancers, including colon, pancreatic, ovarian, and some steroid hormone-insensitive
breast cancers (6,8,9). Moreover, it has been reported that Akt phosphorylation in human CRCs
correlates with cell proliferation and apoptosis inhibition, as well as with different
clinicopathologic parameters such as invasion grade, vessel infiltration, metastasis to lymph
nodes, and tumor stage (10,11). We have previously shown that targeted inhibition of upstream
PI3K/Akt pathway components decreases growth, increases apoptosis, increases sensitivity to
chemotherapy and decreases the metastatic capability of CRCs (9,12–15).

A variety of downstream targets are regulated by Akt including mTOR, which promotes protein
translation, growth, metabolism and angiogenesis (16). mTOR exists in two distinct functional
complexes: mTORC1 and mTORC2. Previous studies have shown that mTOR is a direct
substrate for the Akt kinase and identified Serine 2448 as the Akt target site on mTOR (16).
However, recent evidence suggests that p70 S6 kinase (S6K) also regulates phosphorylation
of this residue in response to both mitogen- and nutrient-derived stimuli (17). Furthermore,
mTORC1 positively regulates phosphorylation of S6K (at the Threonine 389 residue) and
eukaryotic initiation factor 4E binding protein 1 (4E-BP1), which together control protein
translation (16). In contrast, mTORC2 directly phosphorylates the Serine 473 residue in the
C-terminal hydrophobic motif of Akt, which is necessary for full activation of the latter (16).
We have recently shown that the mTORC1/mTORC2 proteins, mTOR, Raptor and Rictor are
highly overexpressed in CRC tissues (18). Moreover, expression of Rictor was found to
correlate with pAktSer473 expression in CRCs derived from the same patient. Finally, we
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showed that targeted inhibition of the downstream mTORC2 component, Rictor, resulted in
growth inhibition and induced apoptosis in both rapamycin-sensitive and rapamycin-resistant
CRCs, suggesting that selective targeting of mTORC2 may represent a novel therapeutic
strategy for treatment of CRC patients.

The purpose of our current study was twofold: 1) to determine the expression levels of several
key components of this pathway including p85α, Akt1, Akt2, p-mTORSer2448 and p-
p70S6KThr389 in CRC patient tissues, and 2) to correlate the expression of these proteins with
the stage of cancer, location of cancer (left- vs. right-sided) and age of patients. Here we show
that all of the aforementioned proteins are significantly overexpressed in CRCs compared to
matched normal colonic tissue from the same patient. Moreover, expression levels of p85α
were significantly higher in Stage IV tumors than earlier stage tumors; interestingly, this effect
was also noted for adjacent normal colonic tissues comparing Stages I–III and Stage IV CRC
patients. Finally, expression of Akt1, Akt2, and p-p70S6KThr389 was more prominent in left-
sided CRCs than right-sided CRCs. Our findings provide further evidence in support of
targeting this pathway as a therapeutic strategy for treatment of CRC patients.

METHODS
Antibodies & Tissue Arrays

All antibodies for immunohistochemistry were obtained from Cell Signaling Technology
(Beverly, MA, USA) except for p85α, which was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Tissue microarrays of normal and malignant colonic tissues were
purchased from AccuMax. Five copies each of four distinct tissue arrays were used for these
experiments (A203; numbers I, II, V, and VI) except that one slide each was omitted from p-
S6KThr389 and p-mTORSer2448 staining (II and V, respectively). Array A203 (II) contained
data from liver metastases, but only the colon data was utilized for this analysis. Each of these
arrays includes two tumor cores, pathological and patient characteristics for all samples and
5–12 normal specimens per slide.

Immunohistochemistry
Paraffin embedded colorectal cancer tissue arrays were deparaffinized in xylene and rehydrated
in descending ethanol series. Immunostaining was performed using DAKO EnVision Kit
(Dako Corp., Carpinteria, CA) as we have described previously (18). Briefly, antigen retrieval
was performed by boiling slides in citrate buffer for 10 min. Slides were blocked and incubated
overnight at 4°C with monoclonal antibodies diluted in the range of 1:50 to 1:150 in 0.05M
Tris-HCL + 1% BSA against p85α, Akt1, Akt2, p-S6KThr389 and p-mTORSer2448. After 3
washes with TBST, the sections were incubated for 30 min with secondary antibody labeled
with peroxidase, then washed 3 times with TBST. Lastly, peroxidase substrate DAB was added
for staining. All sections were counterstained with hematoxylin and observed by light
microscopy. For negative controls, primary antibody was omitted from the above protocol.

All array slides were scanned at 40X with a digital scanner and visualized using the software
viewer, Aperio ImageScope (v.8.2.5.1263). Two independent researchers graded each array
manually according to a semi-quantitative eight-tier system. This system assesses the
percentage of positive cells (<10% of cells staining brown=0; 10–25% of cells stain positive=1;
25–50% of cells stain positive=2; 50–75% of cells stain positive=3; and >75% of cells stain
positive=4) and intensity of staining (no brown staining=0; lightest brown from entire array=1;
low intermediate=2; high intermediate=3; and darkest brown stain from entire array=4). The
intensity and percentage scores are added to give a final immunoreactivity score ranging from
0 to 8. To compensate for minor differences in staining intensity of arrays stained at different
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times, the ‘high’ and ‘low’ intensity for each array was set before grading by scanning the
entire image for most and least intense.

Statistical Analysis
Four immunohistochemistry (IHC) scores for each patient based on duplicate tumor spots and
grading by two authors were averaged for analysis. Immunohistochemistry scores for each
biomarker ranged from 0 – 8 (total score for intensity staining and percent positive staining)
and were summarized descriptively for each biomarker, between normal and tumor tissues,
and by tumor stage, tumor location, patient gender and age. Correlations between markers were
calculated using the Pearson's correlation coefficient along with tests for significance. Paired
analysis based on the t-test was employed to assess differential expression in biomarker IHC
scores in the subset of patients with matched tumor and normal tissues. Univariate comparisons
of p85α, Akt1, Akt2, p-S6KThr389 and p-mTORSer2448 protein IHC expression levels for each
tumor and patient characteristics were assessed using one-way analysis of variance
(combination of tumor stage and tissue array sets) or two-sample t-test (for tumor location,
gender, age). All tests were assessed at the 0.05 level of significance. Statistical computations
were carried out using statistical software, SAS Release 9.2.

RESULTS
Clinicopathologic Characteristics

A total of 308 malignant and 35 non-malignant colon tissues were studied. These samples were
derived from a total of 154 patients; duplicate tumor core samples were present from 154
patients and adjacent normal tissues from a subset (n=35) of these patients (Table 1). Four of
the normal colonic tissue samples do not have the corresponding cancer tissues (non-matched).
The number of patients with Stage IV disease was highest (n=65) since two of the four arrays
used for this analysis were designed specifically for studying metastatic disease. Seventy-three
percent of cancers were from the rectum and left colon and 27% from the right colon. Sixty-
two percent of the patients were male while 38% were female. The age of patients ranged from
26 to 87 years old. Age (p = 0.027) but not gender and tumor location was significantly different
across cancer stage. Specific information about race or ethnicity was not available from the
array manufacturer.

Expression and Correlation of PI3K/Akt/mTOR components in normal and cancer samples
from CRC patients

To determine whether PI3K/Akt/mTOR pathway proteins are overexpressed in CRCs, we
examined CRCs and adjacent normal colonic tissue for expression of p85α, Akt1, Akt2, p-
mTORSer2448 and p-p70S6KThr389. Each sample was assigned an IHC immunoreactivity score
ranging from 0–8 as described above. Data analysis is shown in Fig. 1A along with
representative patient samples for each protein in Fig. 1B. Immunohistochemical analyses
showed cytoplasmic staining of all five proteins studied with nuclear staining also uniformly
observed with p-S6KThr389. Akt1, Akt2, and p85α generally stained homogeneously
throughout the epithelial elements, whereas p-mTORSer2448 tended to demonstrate variable
intensity, even within a 1-mm tissue core. All of the proteins investigated in this study were
significantly overexpressed in CRCs compared to the matched normal colonic tissue from the
same patient (p<0.0001) (Table 2 and Fig. 1). Average IHC scores for normal colon tissues
ranged from 4.1– 5.7 for all proteins studied whereas tumor IHC scores averaged 6.1–6.8.

We found that IHC scores for the various proteins were moderately correlated across both
normal and malignant colorectal tissues (Table 3). In general, the correlations tended to be
stronger in normal tissues as compared to the same correlation in tumor tissues. The correlation
between Akt2 and p85α was stronger (correlation coefficient, r = 0.64; p <0.0001) than that
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between Akt1 and p85α (r = 0.38; p = 0.027) in normal tissues as well as cancers. The
correlation between IHC scores for Akt1 and Akt2 was strong (r = 0.83 and r = 0.50; p<0.0001
for normal tissues and cancers, respectively). p-p70S6KThr389 was correlated with Akt1 in
normal mucosa and cancers, and with Akt2 in cancers only. Surprisingly, there was no
significant correlation between p-mTORSer2448 and p-S6KThr389 in normal or tumor tissues.
In summary, p85α, Akt1, Akt2, p-mTORSer2448 and p-p70S6KThr389 are overexpressed in
CRCs; IHC scores for each of these proteins are moderately correlated across both normal and
malignant colonic tissue.

p85α is overexpressed in normal and cancer tissue from Stage IV CRC patients in
comparison with Stage I–III CRC patients

In order to determine whether expression of PI3K/Akt/mTOR pathway proteins is increased
along with tumor stage, we compared IHC scores between stages in normal mucosa and cancers
(Table 4 and Fig. 2). There were no significant differences in any of the five proteins comparing
normal tissues and cancers between Stages I, II, and III (data not shown). Therefore, we present
the data from Stages I–III together as compared with scores from Stage IV tumor and non-
malignant tissues from the corresponding stage patients. Even though there was variability in
the average scores classified by stage amongst the array sets, the IHC scores for p85α were
significantly higher in Stage IV tumors than earlier stages (p = 0.0005). This expression pattern
was not noted for Akt1, Akt2, p-S6KThr389 or p-mTORSer2448. Interestingly, the increased
expression of p85α was also noted for non-malignant colonic tissues when comparing IHC
scores between early stages and Stage IV patients (p=0.003); this pattern was also noted for
Akt2 (p=0.004), p-mTORSer2448 (p=0.01), p-S6KThr389 (p=0.0442) and a similar trend was
present for Akt1 (p=0.054). In summary, expression of p85α was significantly higher in Stage
IV tumors than earlier stages, while expression of p85α, Akt2, p-mTORSer2448 and p-
p70S6KThr389 was significantly higher in adjacent normal mucosa from Stage IV cancer
patients than earlier stages.

Akt1, Akt2, and p-S6KThr389 are overexpressed in left-sided CRCs
It has previously been demonstrated that left- and right-sided CRCs display different clinical
and biological characteristics (19). Therefore, we further investigated differences in expression
of the PI3K/Akt/mTOR proteins based on the location of the tumor (Table 5 and Fig. 3). Left-
sided and rectal cancers were grouped together and compared to cancers of the right colon;
tissues from indeterminate location were eliminated for this portion of the analysis. We found
that expression of Akt1, Akt2, and p-S6KThr389 was more prominent in left-sided CRCs than
right-sided CRCs (p = 0.007, p = 0.0008, and p = 0.04, respectively). However, since the
absolute difference in scores was less than half a point on the 8-point scale, the clinical
significance of this finding has yet to be determined.

p85α and p-mTORSer2448 are overexpressed in younger CRC patients
Finally, we investigated the effect of age on expression of these proteins in normal colon and
CRC tissues. When age was examined as a variable in normal colon tissues, patients younger
than the median age showed increased expression of p85α (mean = 4.9 vs. 3.4; p = 0.017) and
p-mTORSer2448 (mean = 4.6 vs. 3.2; p = 0.029) compared to older patients (Table 6). There
was a similar trend in Akt2 scores (p = 0.073). However, this age-related difference was not
noted in the cancers. We also examined gender as a variable, but did not find any significant
differences between males and females in our sample set (data not shown). In summary, normal
colon from younger patients tends to exhibit increased expression levels of p85α and p-
mTORSer2448 compared to older patients.
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DISCUSSION
In this study, we determined the expression levels of several key components of the PI3K/Akt/
mTOR signaling axis including p85α, Akt1, Akt2, p-mTORSer2448 and p-p70S6KThr389 in
CRC patient tissues and correlated their expression with the stage of cancer, location (left- vs.
right-sided) and age of patients. We found that all five proteins are significantly overexpressed
in CRCs compared to the matched normal colonic tissues. Moreover, expression levels of
p85α were significantly higher in Stage IV cancers than earlier stages; interestingly, this effect
was also noted for adjacent normal colonic tissues comparing Stages I–III and Stage IV CRCs.
Finally, we show that expression of Akt1, Akt2, and p-p70S6KThr389 was more prominent in
left-sided than right-sided CRCs.

Previous studies have also shown that overexpression of Akt isoforms is a much more frequent
event than their gene amplification in human malignancies, suggesting transcriptional
regulation of Akt during tumorigenesis (20). We examined the expression of specific Akt
isoforms and found increased expression of both Akt1 and Akt2 in CRCs compared to normal
colon. Moreover, we found a high degree of correlation in IHC scores between the two
isoforms. Akt2 is the predominant isoform in ovarian, breast and pancreatic cancers, whereas
Akt1 expression has mostly been detected in gastric cancer (21,22). Unlike other tumor types
such as breast cancer, activating mutations in Akt1 are very rare in CRC (<2%) (23,24). Both
isoforms are hypothesized to play specific roles in the growth and progression of cancer. Akt1
is believed to be important for PI3K-mediated cell proliferation in CRC, while we have recently
shown that Akt2 is the more predominant isoform in CRCs and acts as a critical regulator of
CRC metastasis (13).

mTOR is a direct substrate for Akt kinase and Serine 2448 is the site on mTOR that is
phosphorylated by the latter; deletion of this residue in the C-terminal regulatory region of the
protein results in increased mTOR activity (16). More recent evidence suggests that S6K also
regulates phosphorylation of this residue in response to both mitogen- and nutrient-derived
stimuli (17). Furthermore, mTORC1 positively regulates phosphorylation of S6K at the
Threonine 389 residue in response to nutrients and growth factors (16). Additionally, two
strong feedback loops exist within this signaling axis, both emanating from mTORC1 and its
downstream mediator, S6K. Firstly, activation of mTORC1 signaling strongly represses
signaling upstream in the PI3K/Akt pathway primarily by S6K-dependent downregulation of
IRS-1, thereby resulting in attenuated pAktSer473 (16,25,26). Secondly, inhibition of mTORC1
leads to the release of a S6K-PI3K-Ras dependent brake, which results in feedback activation
of MAPK signaling and elevated p-ERKThr202/Tyr204 levels (27). Moreover, any changes in
MAPK activity will subsequently modulate S6K phosphorylation (17). Given the complexity
of inputs regulating the signaling patterns in this pathway, it is not surprising that we found no
significant correlation between expression of p-mTORSer2448 and p-S6KThr389 in normal or
tumor tissues. Baseline levels of pERKThr202/Tyr204 and pAktSer473 in these patient samples
may provide an explanation for these paradoxical findings given the regulatory functions of
these proteins in controlling p-S6KThr389 and subsequently p-mTORSer2448 levels in cancer
cells.

In order to determine whether expression of the target proteins correlates with stage, we
assessed their expression levels in normal and malignant tissues from Stage IV patients
compared to Stage I–III patients. In general, the correlations tended to be stronger in normal
tissues as compared to cancers. We found that the expression of p85α was significantly induced
in Stage IV tumors compared to earlier stages. However, there were no significant differences
in the expression of the other proteins investigated with regard to stage. Interestingly, the effect
of significantly increased expression of p85α was also true for normal colonic tissues when
comparing IHC scores between early stages and Stage IV patients; this result also held true for
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Akt2, p-mTORSer2448, p-S6KThr389 and a similar trend was present for Akt1. These findings
may be explained by the “field effect” phenomenon. In the multi-step carcinogenesis model
for CRC, genetic changes occur in a stepwise fashion such that a clone that has growth
advantage proliferates, acquires further genetic aberrations and undergoes another selection
for survival and growth, eventually resulting in cancer (28). According to this phenomenon,
pre-cancerous “normal” appearing cells in proximity to neoplastic tissue also possess some but
not all of the genetic aberrations that are present in cancer cells (29). Based on our results, we
speculate that “normal” colon is presumably primed for aggressive malignant transformation
by induction of expression of PI3K/Akt/mTOR pathway proteins even before the characteristic
phenotypic changes of neoplasia take place. The differences in expression levels between the
various stages are less obvious in tumor tissue as all target proteins are already expressed at
maximal levels during early stages of progression, which masks any differences in their
expression between early and late stages.

Field effects are of particular interest because they give insight into the early stages of cancer
progression and provide potential biomarkers of cancer risk. Our findings indicate that p85α
may be such a biomarker, although further validation is required. Specifically, it is unclear
whether p85α expression in apparently normal colon is associated with an increased risk of
CRC. Field effects are also important from a translational standpoint because the common
practice of identifying markers of malignancy by comparing genomic or proteomic expression
profiles of tumors to that of neighboring “normal” tissue will often overlook early changes that
are already present in the surrounding “normal” areas. Finally, from a more practical
standpoint, it is unclear how much of the large bowel would have to be sampled to sufficiently
rule out a field effect in individuals without neoplastic lesions.

Normal left (distal to splenic flexure) and right (proximal to splenic flexure) colon differs in
their embryological origin, expression of antigens, metabolism of glucose, polyamines and
butyric acid, as well as in bile acid concentrations and composition and density of the normal
flora of the gut (19,30,31). Furthermore, CRCs that arise on the left or right side exhibit
significant differences in incidence, response to 5-fluorouracil treatment, gene expression and
signal transduction patterns leading to transformation (19,30,31). For instance, left-sided CRCs
display a significantly increased frequency of K-RAS and TP53 mutations in comparison to
right-sided tumors (19,30,31). We investigated differences in expression of our five target
proteins based on the location of the tumor (left- vs. right-sided) within the colon. We found
that expression of Akt1, Akt2, and p-S6KThr389 was more significant in left-sided CRCs than
right-sided CRCs. Although the absolute difference in scores was less than half a point on the
8-point scale employed, it is interesting to speculate that activation of the PI3K/Akt/mTOR
pathway may be related to the higher incidence of mutations of the corresponding genes for
PI3K/Akt/mTOR in left-sided CRCs.

K-Ras is one of the most frequently activated oncogenes in multiple cancer types, including
colorectal cancer (32,33). K-Ras, while originally associated with the activation of the Raf
cascade, has since been linked to the activation of multiple effectors, including PI3K/Akt/
mTOR signaling. K-Ras becomes constitutively active in CRC through mutations in codons
12, 13, 61 and 146 and has been shown to be mutated more often in left-sided CRCs (19,30–
33). Ras directly interacts with PI3K through unique epitopes in p110α which, when disrupted,
significantly reduce the ability of oncogenic Ras to induce tumorigenesis (34). After initial
tumor formation, the requirement for K-Ras signaling is reduced and partially replaced by a
dependence on PI3K signaling for maintaining tumor growth (35). These findings may
contribute to the higher levels of Akt/mTOR protein expression and activation seen in left-
sided CRCs. Furthermore, the tumor suppressor p53 is a major checkpoint protein that is
mutated in >50% of human cancers, including CRC (36). It has previously been shown that
the p53 and mTOR signaling machineries can cross-talk and coordinately regulate cell growth,
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proliferation and death (36). Activation of p53 inhibits mTOR signaling and its downstream
targets such as autophagy (37). Given that p53 mutations are more common in left-sided CRCs,
this may contribute to the higher levels of mTORC1 activation, as evidenced by increased
levels of p-S6KThr389, seen in left-sided CRCs.

In conclusion, we found that p85α, Akt1, Akt2, p-mTORSer2448 and p-p70S6KThr389 are
significantly overexpressed in CRCs compared to the matched normal colonic tissues.
Moreover, expression levels of p85α were significantly higher in Stage IV tumors than earlier
stages; interestingly, this effect was also true for adjacent normal colonic tissues between early
stages and Stage IV CRC patients. Finally, we show that expression of Akt1, Akt2, and p-
p70S6KThr389 was more prominent in left-sided CRCs than right-sided CRCs. Our findings
provide evidence in support of targeting the PI3K/Akt/mTOR pathway as a therapeutic strategy
for treatment of CRC patients.
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ABBREVIATIONS

CRC Colorectal cancer

PI3K Phosphatidylinositol 3-kinase

mTOR Mammalian target of rapamycin

RTK Receptor tyrosine kinase

PIP3 Phosphatidylinositol-(3,4,5)-phosphate

PKB Protein kinase B

PH Pleckstrin homology

PDK-1 Phosphoinositide-dependent kinase-1

S6K p70 S6 kinase

4E-BP1 Eukaryotic initiation factor 4E binding protein 1

IRS-1 Insulin receptor substrate 1
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Figure 1.
Immunohistochemical analysis of normal and malignant colonic tissues. (A) Comparison of
IHC scores for p85α, Akt1, Akt2, p-mTORSer2448 and p-p70S6KThr389 in normal and
malignant colonic tissues derived from 154 patients (*p<0.05 vs normal). (B) Representative
images showing staining pattern and intensity for p85α, Akt1, Akt2, p-mTORSer2448 and p-
p70S6KThr389 in normal and malignant colonic tissues (panel=100X; inset=400X).
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Figure 2.
Immunohistochemical analysis of normal and malignant colonic tissues grouped by stage of
cancer. Comparison of IHC scores for p85α, Akt1, Akt2, p-mTORSer2448 and p-
p70S6KThr389 in normal and malignant colonic tissues grouped by stage of cancer: early (Stage
I–III) versus late (Stage IV) and array sets (*p<0.05 versus normal).
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Figure 3.
Immunohistochemical analysis of CRC tissues grouped by location of cancer. (A) Comparison
of IHC scores for p85α, Akt1, Akt2, p-mTORSer2448 and p-p70S6KThr389 in CRC tissues based
on tumors that were proximal (right-sided) or distal (left-sided) to the splenic flexure (*p<0.05).
(B) Representative images showing staining pattern and intensity for Akt1, Akt2 and p-
p70S6KThr389 in CRC tissues from right- and left-sided cancers (panel=100X; inset=400X).
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Table 1

Clinical and Pathologic Characteristics of Specimens Used for Immunohistochemistry Analysis.

No. of patients with cancer
tissues (matching normals)

Right/left colon Female/male Average
age, y

(range)

Stage I 7 (1) 0/7 3/4 67 (62–86)

Stage II 39 (4) 10/24 17/22 63 (40–86)

Stage III 43 (7) 12/28 20/23 57 (28–87)

Stage IV 65 (23) 14/37 19/46 57 (26–78)

Total 154 (35) 36/96 59/95 59 (26–87)
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Table 2

Comparison of IHC scores between matched normal and CRC samples.

Biomarker Normal
(mean ± SD)

Cancer
(mean ± SD)

Difference (cancer
– normal)

(mean ± SD)

p Value
(paired t-

test)

p85α
(n = 31)

4.5 ± 1.4 6.3 ± 0.9 1.8 ± 1.5 <0.0001

Akt1
(n = 31)

5.7 ± 1.3 6.7 ± 0.8 1.0 ± 1.1 <0.0001

Akt2
(n = 31)

5.7 ± 1.4 6.8 ± 0.8 1.1 ± 1.4 <0.0001

p-mTORSer2448

(n = 23)
4.1 ± 1.4 6.1 ± 0.9 2.0 ± 1.7 <0.0001

p-S6KThr389

(n = 16)
5.2 ± 0.4 6.7 ± 0.7 1.5 ± 0.9 <0.0001
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Table 3

Correlation Coefficients Between Immunohistochemistry Scores for PI3K/Akt/mTOR Pathway Components in
Normal and Cancer Samples

Biomarker Normal Cancer

Correlation
coefficient*

p Value Correlation
coefficient*

p Value

p85α

 Akt1 0.38 0.027 0.21 0.008

 Akt2 0.64 <0.0001 0.31 <0.0001

 p-mTORSer2448 0.67 0.0002 0.24 0.01

 p-S6KThr389 −0.21 0.40 0.30 0.0003

Akt1

 Akt2 0.83 <0.0001 0.50 <0.0001

 p-mTORSer2448 0.50 0.01 0.05 0.58

 p-S6KThr389 0.47 0.05 0.28 0.0009

Akt2

 p-mTORSer2448 0.65 0.0004 0.07 0.50

 p-S6KThr389 0.18 0.48 0.39 <0.0001

p-mTORSer2448

  p-S6KThr389 0.17 0.64 0.01 0.90

*
Pearson correlation coefficients indicate moderate correlations between biomarkers in both normal and tumor tissues.
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