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AKT proto-oncogene overexpression is an early event during
sporadic colon carcinogenesis
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The inhibition of apoptosis is a critical event in the develop-
ment of colorectal malignancies, although the mechanism(s)
remain incompletely understood. The anti-apoptotic proto-
oncogene, AKT, has been implicated in the molecular patho-
genesis of a variety of human malignancies; however, no data
exist on the role of AKT in colon carcinogenesis. We therefore
evaluated the presence of AKT in human and experimental
colon neoplasms by immunohistochemistry. Normal colonic
mucosa and hyperplastic polyps exhibited no significant
AKT expression, in marked contrast to the dramatic AKT
immunoreactivity seen in colorectal cancers (57% positive)
and in both human colorectal cancer cell lines examined.
Importantly, AKT was also detected in 57% of the adenomas
examined, implicating overexpression of this proto-oncogene
as an early event during colon carcinogenesis. Moreover, in
the rodent-carcinogen model, azoxymethane (AOM)-treat-
ment induced AKT expression in premalignant rat
colonocytes. Tumors that evolve via different genetic path-
ways displayed a lower incidence of AKT overexpression.
Indeed, only 22% of mismatch repair defective tumors and
42% of AOM-induced rodent tumors upregulated AKT.
Staining with an antibody specific for AKT 2 duplicated
findings with the AKT 1&2 antibody, suggesting that AKT
2 was the predominant isoform involved in colon carcinogen-
esis. Furthermore, utilizing an antibody that specifically
recognizes the serine-473 phosphorylated form of AKT, we
observed that activated AKT was detectable in the neoplastic
but not normal epithelium.

In summary, our immunohistochemical analysis indicates
AKT overexpression occurs frequently during human colon
carcinogenesis, but is less common in colon cancers with
microsatellite instability. The early inhibition of apoptosis
during sporadic colon carcinogenesis may be related, at least
partly, to the overexpression of AKT.

Abbreviations: AOM, azoxymethane; APC, adenomatous polyposis coli;
GSK, glycogen synthase kinase; HNPCC, hereditary non-polyposis colorectal
cancer; MSI, microsatellite instability; PI, phosphoinositol; PTEN, phosphatase
and tensin.

These data were presented, in abstract form, at the 101th Annual Meeting of
the American Gastroenterological Association in San Diego, CA, May 21–
24, 2000.
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Colon carcinogenesis is characterized by distinct morpholo-
gical, genetic and cellular events. The transition from normal
colon mucosa to an invasive colorectal carcinoma is mirrored
by an orderly accumulation of mutations in critical genes (1).
In order for the typically short-lived colonocytes to acquire
these mutations, apoptosis needs to be inhibited early during
neoplastic transformation (2). The mechanism(s) through which
apoptosis is dysregulated is incompletely understood, but
generally involves either overexpression of anti-apoptotic pro-
teins or inactivation of pro-apoptotic proteins. The specific
molecular alterations are largely dependent on the genetic
background of the individual tumor. For instance, most sporadic
colon cancers inhibit apoptosis through truncation of the
adenomatous polyposis coli (APC) protein, along with over-
expression of a variety of anti-apoptotic proteins including
cyclooxygenase 2 and BCL-2 (2). However, in colorectal
cancers that evolve through DNA mismatch repair deficiency,
the pro-apoptotic BAX protein is frequently inactivated (2).
DNA mismatch repair inactivation, with resultant microsatellite
instability (MSI), occurs in 6–15% of sporadic colon cancers
and in the vast majority of tumors from patients with hereditary
non-polyposis colorectal cancer (HNPCC) (3). MSI-stable and
MSI-high colon cancers also employ some similar strategies
to inhibit apoptosis such as dysregulation of WNT signaling
with overexpression of the potentially anti-apoptotic β-catenin
protein and c-MYC (4).

Therefore, the mechanisms involved in the early inhibition
of apoptosis during colon carcinogenesis are multifactorial and
incompletely elucidated. Recently, attention has focused on
the novel proto-oncogene, AKT (protein kinase B), which has
profound anti-apoptotic activities. This 58 kDa serine-threonine
kinase is overexpressed in numerous human malignancies (5).
At present, three distinct AKT isoforms have been identified
which share homology in ~80% of their amino acids (5).
Several lines of evidence indicate that AKT signaling is
important in neoplastic transformation. AKT controls a variety
of critical cellular pathways including those leading to both
apoptosis inhibition and increased cell proliferation (6). Since
no data exist for the role of AKT in colorectal carcinogenesis,
we investigated AKT protein expression in both human (spor-
adic and MSI-high) and experimental colon cancers.

Archived blocks were utilized for this study. Human MSI-
high tumors were represented by a series of HNPCC tumors
obtained through the Creighton University Hereditary Cancer
Center Registry. Premalignant rat colonocytes and tumors were
obtained 10 and 35 weeks, respectively, after azoxymethane
(AOM) treatment of Fisher 344 rats. Deparaffinized tissue
sections (3–5 µM) first underwent antigen retrieval with target
retrieval solution at pH 6.1 (Dako, Carpinteria, CA), then
incubated with AKT antibody for 1 h at 37°C and developed
with the Vectastain A, B, C kit (Vector Laboratories,
Burlingame, CA). We utilized a polyclonal antibody raised
against the complete (480 AA) human AKT 1 molecule, but
that also cross-reacts with AKT 2 (SC-1619 Santa Cruz
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Fig. 1. Representative sections of AKT immunohistochemistry utilizing a polyclonal antibody that recognizes both AKT 1&2. (a) Negative control: sections
incubated with secondary alone without primary antibody. No significant staining is noted. (b) Hyperplastic human colon polyp. (c) Sporadic colon
adenomatous polyp. (d) Sporadic colon carcinoma. (e) HNPCC-related colon carcinoma.
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Fig. 2. Prevalence of AKT overexpression (utilizing polyclonal antibody to
AKT 1&2) Number of samples analyzed for sporadic adenomas, sporadic
carcinomas, HNPCC-related carcinomas, AOM-treated rat tumors were 30,
37, 36 and 12 respectively. *P � 0.0036 by 2-tailed Fisher’s exact test of
HNPCC vs. sporadic tumors.

Fig. 3. Representative western blot analysis on two human colon
adenocarcinoma cell lines, HT-29 and CaCo-2. The IP represents
immunoprecipitation studies on HT-29 cells. HT-29 cell lysates (500 µg) of
HT-29 were incubated with a goat polyclonal AKT 1&2 (plus lane) (SC
7127 from Santa Cruz Biotechnology, Santa Cruz, CA) or with an equal
amount of protein A-agarose without primary antibody (minus lane). The
resulting precipitant was probed with a rabbit polyclonal AKT 1&2
antibody (SC 8312, Santa Cruz Biotechnology, Santa Cruz, CA). Positive
control was HCT 8 cell lysate recommended/obtained from Transduction
Laboratory (Lexington, KY).

Fig. 4. Western blot analysis of uninvolved rat colonocytes. Fisher 344 rats
were injected with either saline or AOM (15 mg/kg s.c.) twice separated by
one week. Animals were killed 15 weeks after the second injection and
50 µg of isolate colonocyte lysate was subjected to Western blot analysis
utilizing a polyclonal antibody that recognized Akt 1&2. Equal loading of
gel was confirmed by both India ink staining membranes and by probing for
β-tubulin. The positive control is HCT 8 cells lysate (recommended/
supplied by Transduction Laboratories, Lexington, KY). The immunoblot of
individual animals are representative of at least eight animals per group and
demonstrates that AOM treatment resulted in a marked induction in AKT
expression in the uninvolved colonocytes.

Biotechnology, Santa Cruz, CA). We also used a monoclonal
antibody that recognized all AKT isoforms (Transduction
Laboratory, Lexington, KY) to duplicate part of the data. To
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ascertain the specific AKT isoform involved, a polyclonal
antibody was employed that targeted the carboxy terminus of
human AKT 2, but did not cross-react with AKT 1 (SC-7127
Santa Cruz Biotechnology, Santa Cruz, CA). Specificity was
confirmed by a peptide competition assay, pre-incubating the
AKT 2 antibody with a 5-fold excess (by weight) of its
immunogenic peptide. To assess AKT activity, an antibody
specific for serine-473 phosphorylation (#9277S, Cell Signaling
Technology, Beverly, MA) was utilized. All slides were scored
in a blinded fashion by a gastrointestinal pathologist (TCS)
utilizing a four-point scale of intensity (0: no staining; 1: faint;
2: moderate; and 3: strong). Grades 0 and 1 were considered
negative whereas grades 2 and 3 were scored as positive.
AKT expression was assessed by western blot in two human
adenocarcinoma cell lines and premalignant rat colon lysates
isolated via modified Weiser technique (7). Fifty µg of protein
from cellular lysates were separated by polyacrylamide gel
electrophoresis and transferred to polyvinylidene fluoride mem-
branes. The membranes were blocked with 5% nonfat milk,
probed with either a polyclonal or monoclonal antibody to
AKT 1&2 and developed with enhanced chemiluminescence
(Amersham Pharmacia Biotech, Piscataway, NJ). Statistical
analysis was performed with a two-sided Fischer’s exact test.

Marked AKT immunoreactivity was detected in both human
and experimental colon carcinomas (Figure 1). The staining
pattern was predominantly cytoplasmic, consistent with reports
in pancreatic cancer (8). In contrast, no significant AKT
staining was observed in non-neoplastic mucosa or hyperplastic
polyps. AKT upregulation was detected in 57% of sporadic
carcinomas (21 of 37 tumors) but only 22% of MSI-high
tumors (8 of 36 HNPCC samples) (P � 0.004) (Figure 2).
Forty-two percent of AOM-tumors were positive for AKT and
this protein was also detected in both of the human colon
cancer cell lines examined (Figure 3).

The observation that a similar proportion of adenomas (17
out of 30) and sporadic carcinomas overexpressed AKT (both
57%) leads us to suggest that this molecular event occurs
during the initial phases of colorectal carcinogenesis. Further-
more, AOM-induced AKT expression in premalignant colonic
mucosa indicates the potential role of this proto-oncogene in
the initiation of neoplastic transformation (Figure 4). Thus,
both the human and experimental data suggest that AKT
induction is one of the early events during colon carcinogenesis.

Several lines of evidence support the specificity of the
immunostaining in this study. The panel of antibodies to AKT
1&2 (both monoclonal and polyclonal) yielded similar results
in western blot analysis (Figure 3). The frequency of AKT
detection was also similar between these two antibodies,
although the staining pattern was less marked with the mono-
clonal antibody (data not shown). Moreover, we were able to
abrogate AKT 2 reactivity by peptide competition, demonstrat-
ing the specificity of the immunostaining (Figure 5). We clearly
demonstrate that AKT 2 is upregulated; however our data does
not completely exclude the possibility that AKT 1 is also
overexpressed (Figure 5). Analysis of a subgroup of the
sporadic adenomas and carcinomas did not demonstrate any
significant correlation between AKT protein expression and
the clinical characteristics. To assess AKT activity, we utilized
the phosphorylation status of the proto-oncogene as a surrogate
marker. Phosphorylation of serine-473 is important for AKT
kinase function. Furthermore, because serine-473 is autophos-
phorylated by AKT, it is a valuable marker of AKT activity
(9). Using antibodies specific for serine-473 phosphorylated
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Fig. 5. Representative immunohistochemistry with an antibody specific to AKT 2, without cross-reactivity to AKT 1. (a) AKT 2 staining of a sporadic human
colon cancer which demonstrates cytoplasmic staining comparable to results obtained with the AKT 1&2 antibody. (b) AKT 2 staining is abolished by pre-
incubating AKT 2 antibody with a five-fold excess of its immunogenic peptide.

Fig. 6. Representative immunohistochemistry of a sporadic colon cancer
probed with an antibody specific for serine-473 phosphorylated AKT
(n � 10). The section demonstrates no significant staining in the
uninvolved colonic mucosa whereas the colon cancer demonstrated marked
cytoplasmic immunoreactivity.

AKT we demonstrated that the activated AKT was located in
the neoplastic but not uninvolved mucosa (Figure 6). The
present study is limited in that only AKT protein expression
was evaluated; however, reports in other malignancies suggest
that AKT DNA amplification and immunohistochemistry are
closely correlated (8).

Our observation that AKT immunostaining was more com-
mon in sporadic than MSI-high tumors indicates that the
genetic mechanism of tumor initiations may determine AKT
upregulation. The 57% AKT overexpression rate in sporadic
colon cancer is markedly higher than reports in other malig-
nancies. In a report on human and experimental pancreatic
cancer, AKT 2 was elevated in only 20% of cases (8).
Additionally, AKT 2 DNA was amplified in 2.8% of breast
and 12.1% of ovarian cancers (10) and was correlated with
lack of differentiation in ovarian cancers.
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While AKT overexpression may occur infrequently in many
other tumor types, AKT signaling can still occur through
alterations in different facets of its cascade. For instance, AKT
activation was detected in 16 out of 17 non-small cell lung
cancers (11). Moreover, mutations in the upstream regulator
of AKT, phosphatase and tensin homologue (PTEN) (6), is
one of the earliest genetic events in endometrial cancer (12).
PTEN loss activates phosphoinositol (PI)-3 kinase, which
generates phosphoinositol 3,4,5-trisphosphate, thereby
allowing AKT, through its pleckstrin homology domains, to
be recruited to the plasma membrane (6). PI-3 kinase has been
implicated in colon carcinogenesis by the observation that
mice lacking the catalytic subunit of PI (3) kinase γ develop
spontaneous intestinal adenocarcinomas (13).

Several lines of evidence underscore the critical nature of
AKT in carcinogenesis. For example, AKT expression correl-
ated with disease progression in an experimental model of
prostate cancer (14). Moreover, inhibition of this serine-
threonine kinase with antisense oligonucleotides dramatically
improved the neoplastic phenotype in pancreatic cancer cells
(15). The mechanism by which AKT signaling promotes
tumorigenesis is multifactorial, however inhibition of apoptosis
appears to be of paramount importance. Transfection studies
confirm the profound anti-apoptotic effect of AKT and suggest
a myriad of potential molecular mechanisms (16). AKT can
phosphorylate and inactivate pro-apoptotic members of the
Bcl-2 family, such as Bad (17), and also induce expression of
the anti-apoptotic Bcl-2 protein (18). In some systems, the
anti-apoptotic effect of AKT appears to be mediated through
nuclear factor-κB (19). AKT has also been shown to block
several crucial steps in apoptosis including mitochondrial
cytochrome c release (20) and activation of caspases 9 and 13
(21). AKT has been shown to impact on WNT signaling, a
pathway central in the initiation of colorectal carcinogenesis.
AKT activation leads to inhibition of the pro-apoptotic glyco-
gen synthase kinase (GSK) 3β, with resultant increase in the
levels of the anti-apoptotic β-catenin protein (22). Moreover,
AKT can act synergistically with the Ras (23) and Raf (24)
cascades, both critical in colorectal carcinogenesis (2). In colon
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cancer cell lines, AKT has been demonstrated to regulate
expression of the anti-apoptotic COX 2 protein (25) and
modulates prostaglandin E2-induced cellular motility (26).
AKT has recently been demonstrated to regulate cell cycle
progression (27) and angiogenesis (28), providing other poten-
tial pro-neoplastic effects in colon cancer. Finally, AKT may
represent an important therapeutic target in that its inhibition
has been shown to be important in both NSAID (29) and
chemotherapy (30) induced apoptosis.

In summary, we demonstrate, for the first time, that the
AKT proto-oncogene is overexpressed in colorectal cancer.
The upregulation of this proto-oncogene occurred at the
premalignant stage, leading us to suggest that AKT overexpres-
sion may be important in the early inhibition of apoptosis
during colon carcinogenesis. The genetic pathway leading to
tumorigenesis seems to be of considerable importance in the
induction of AKT expression. Future studies need to address the
diagnostic, prognostic and potential therapeutic implications of
AKT upregulation in colon cancer.

Acknowledgements

The authors thank Elizabeth Lyden for statistical analysis, Mary Davis and
Urbi Ghosh for aiding in the preparation of the manuscript. This work was
supported by a career development award from the American Society of
Clinical Oncology.

References

1. Kinzler,K.W. and Vogelstein,B. (1996) Lessons from hereditary colorectal
cancer. Cell, 87(2), 159–170.

2. Chung,D.C. (2000) The genetic basis of colorectal cancer: Insights into
critical pathways of tumorigenesis. Gastroenterology, 119, 854–865.

3. Lynch,H.T. and Smyrk,T.C. (1998) Identifying hereditary nonpolypsis
colorectal cancer. N. Engl. J. Med., 338(21), 1537–1538.

4. Bienz,M. and Clevers,H. (2000) Linking colorectal cancer to Wnt signaling.
Cell, 103, 311–320.

5. Datta,S.R., Brunet,A. and Greenberg,M.E. (1999) Cellular survival: a play
in three Akts. Genes Dev., 13(22), 2905–2927.

6. Cantley,L.C. and Neel,B.G. (1999) New insights into tumor suppression:
PTEN suppresses tumor formation by restraining the phosphoinositide 3-
kinase/AKT pathway. Proc. Natl Acad. Sci. USA, 96(8), 4240–4245.

7. Roy,H.K., Karolski,W.J. and Ratashak,A. (2001) Distal bowel selectivity
in the chemoprevention of experimental colon carcinogenesis by the
non-steroidal anti-inflammatory drug nabumetone. Int. J. Cancer, 92(2),
609–615.

8. Ruggeri,B.A., Huang,L., Wood,N., Cheng,J.Q. and Testa,J.R. (1998)
Amplification and overexpression of the AKT2 oncogene in a subset of
human pancreatic ductal adenocarcinomas. Mol. Carcinog., 32(2), 81–86.

9. Toker,A. and Newton,A.C. (2000) Cellular signaling: pivoting around
PDK-1. Cell, 103(2), 185–188.

10. Bellacosa,A., de Feo,D. and Godwin,A.K. et al. (1995) Akt oncogene in
ovarian and breast carcinomas. Int. J. Cancer, 64(4), 280–285.

11.Brognard,J., Clark,A.S., Ni,Y. and Dennis,P.A. (2001) Akt/protein kinase
B is constitutively active in non-small cell lung cancer cells and promotes
cellular survival and resistance to chemotherapy and radiation. Cancer

Res., 61(10), 3986–3997.
12. Mutter,G.L., Lin,M.C., Fitzgerald,J.T., Jum,J.B., Baak,J.P., Lees,J.A.,

Weng,L.P. and Eng,C. (2000) Altered PTEN expression as a diagnostic

205

marker for the earliest endometrial precancers. J. Natl Cancer Inst., 92(11),
924–930.

13. Sasaki,T., Irie-Sasaki,J., Horie,Y. et al. (2000) Colorectal carcinoma in
mice lacking catalytic subunit of PI(3)Kgamma. Nature, 406(6798),
897–902.

14. Graff,J.R., Konicek,B.W., McNulty,A.M. et al. (2000) Increased AKT
activity contributes to prostate cancer progression by dramatically
accelerating prostate tumor growth and diminishing p27Kip1 expression.
J. Biol. Chem., 275(32), 24500–24505.

15. Cheng,J.Q., Ruggeri,B., Klein,W.M., Sonoda,G., Altomare,D.A.,
Watson,D.K. and Testa,J.R. (1996) Amplification of AKT2 in human
pancreatic cells and inhibition of AKT2 expression and tumorigenicity by
antisense RNA. Proc. Natl Acad. Sci. USA, 93(8), 3636–3641.

16. Cross,T.G., Scheel-Toellner,D., Henriquez,N.V., Deacon,E., Salmon,M. and
Lord,J.M. (2000) Serine/threonine protein kinases and apoptosis. Exp. Cell

Res., 256(1), 34–41.
17. Khwaja,A. (1999) Akt is more than just a Bad kinase. Nature, 401(6748),

33–34.
18. Pugazhenthi,S., Nesterova,A., Sable,C., Heidenreich,K.A., Boxer,L.M.,

Heasley,L.E. and Reusch,J.E. (2000) Akt/protein kinase B up-regulates
Bcl-2 expression through cAMP-response element-binding protein. J. Biol.

Chem., 275(15), 10761–10766.
19. Zhou,B.P., Hu,M.C., Miller,S.A., Yu,Z., Xia,W, Lin,S.Y. and Hung,M.C.

(2000) HER-2/neu blocks tumor necrosis factor-induced apoptosis via the
Akt/NF-kappaB pathway. J. Biol. Chem., 275(11), 8027–8031.

20. Fabregat,I., Herrera,B., Fernandez,M., Alvarez,A.M., Sanchez,A.,
Roncero,C., Ventura,J.J., Valverde,A.M. and Benito,M. (2000) Epidermal
growth factor impairs the cytochrome C/Caspase-apoptotic pathway
induced by transforming growth factor beta in rat fetal hepatocytes via a
phosphoinositide 3-kinase-dependent pathway. Hepatology, 32(3), 528–
535.

21. Zhou,H., Li,X-M., Meinkoth,J. and Pittman,R.N. (2000) Akt regulates cell
survival and apoptosis at a postmitochondrial level. J. Cell Biol., 151(3),
483–494.

22. Fukumoto,S., Hsieh,C.M., Layne,M.K. et al. (2001) Akt participation in
the Wnt Signaling pathway through Dishevelled. J. Biol. Chem., 276(20),
17479–17483.

23. Holland,E.C., Celestino,J., Dai,C., Schaefer,L., Sawaya,R.E. and
Fuller,G.N. (2000) Combined activation of Ras and Akt in neural
progenitors induces glioblastoma formation in mice. Nat. Genet., 25(1),
55–57.

24. Zimmermann,S. and Moelling,K. (1999) Phosphorylation and regulation
of Raf by Akt (protein kinase B). Science, 286(5445), 1741–1744.

25. Shao,J., Sheng,H., Inoue,H., Morrow,J.D. and DuBois,R.N. (2000)
Regulation of constitutive cyclooxygenase-2 expression in colon carcinoma
cells. J. Biol. Chem., 275(43), 33951–33956.

26. Sheng,H., Shao,J., Washington,M.K. and DuBois,R.N. (2001) Prostaglandin
E2 increases growth and motility of colorectal carcinoma cells. J. Biol.
Chem., 276(21), 18075–18081.

27. El-Deiry,W.S. (2001) Akt takes centre stage in cell-cycle deregulation.
Nat. Cell Biol., 3(3), E71–73.

28. Kureishi,Y., Luo,Z., Shiojima,I., Bialik,A., Fulton,D., Lefer,D.J.,
Sessa,W.C. and Walsh,K. (2000) The HMG-CoA reductase inhibitor
simvastatin activates the protein kinase Akt and promotes angiogenesis in
normocholesterolemic animals. Nat. Med., 6(9), 1004–1010.

29. Hsu,A.L., Ching,T.T., Wang,D.S., Song,X., Rangnekar,V.M. and Chen,C.S.
(2000) The cyclooxygenase-2 inhibitor celecoxib induces apoptosis
blocking Akt activation in human prostate cancer cells independently of
Bcl-2. J. Biol. Chem., 275(15), 11397–11403.

30. Page,C., Lin,H.J., Jin,Y., Castle,V.P., Nunez,G., Huang,M. and Lin,J.
(2000) Overexpression of Akt/AKT can modulate chemotherapy-induced
apoptosis. Anticancer Res., 20(1A), 407–416.

Received November 27, 2000; revised August 20, 2001;
accepted September 14, 2001


