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The aim of the study was to determine expression of the PTEN suppressor gene in
colorectal adenocarcinoma and its precancerous lesions (adenomatous polyps) in cor-
relation with common clinical and histopathological features.
Forty-four patients with adenomatous polyps and 32 with primary adenocarcinoma
of the colon or rectum were enrolled in the study. They underwent endoscopic re-
moval of polyps or major surgery and postoperative adjuvant chemo- and radiotherapy
depending on staging of the disease. No patient had received chemotherapy and/or
radiotherapy before the surgery. PTEN expression was evaluated using immuno-
histochemical staining on paraffin-embedded specimens and compared to clinico-
pathological features of tumors.
In colorectal cancers, PTEN expression was found to be significantly lower than in
normal intestinal mucosa and adenomatous polyps. That was associated with com-
plete loss of PTEN expression observed more frequently in colorectal cancer, con-
trary to reduction of PTEN expression occurring mostly in polyps. A correlation be-
tween polyp diameter and loss of PTEN was demonstrated as well as between tumor
size and TNM advanced stage and PTEN expression.
The obtained results suggest that the PTEN/PI3K/Akt pathway may play an im-
portant role in early stages of sporadic colorectal carcinogenesis and reduced PTEN
expression in late oncogenesis is associated with some adverse clinical and pathological
features.
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Introduction

Colorectal cancer (CRC), one of the most common
malignant neoplasms in Western countries, is becoming
increasingly frequent in Poland, mostly due to the
changes of lifestyle and dietary factors. Currently in-
cidence and mortality rates of CRC are the most dy-
namic of all neoplastic diseases in the Polish male pop-
ulation [1]. Much evidence has demonstrated that
several genetic alterations are involved in the carcino-
genetic process of CRC. It is suggested that a subset
of these abnormalities concerns the PTEN gene.

Tumor suppressor PTEN (phosphatase and tensin ho-
molog deletion on chromosome 10) is a dual-specific phos-
phatase that acts as a negative regulator of the PI3K-AKT-
mTOR pathway, thus controlling a variety of processes
related to cell survival, proliferation, and growth. PTEN
plays a crucial role in the silencing of signal transduction
from membrane growth factor receptors (EGFR, HER-2,
IGFR) through the AKT signaling cascade [2]. Somatic
PTEN mutations and deletions or epigenetic silencing are
common in multiple tumor types, including breast, en-
dometrium, and thyroid, but also tumors of the central
nervous system, prostate, lung, melanoma, leukemia and
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lymphoma [3-5]. In many neoplasms PTEN deletion co-
operates with other genetic alternations to enhance car-
cinogenesis and may determine aggressive clinical behavior
of a tumor [6]. The role of PTEN in colorectal carcino-
genesis was postulated earlier as a component of PTEN
hamartoma tumor syndrome (PHTS) – a term encom-
passing subsets of several clinical syndromes with
germline mutations in the PTEN tumor suppressor gene.
Estimated lifetime risk of CRC in this group of individ-
uals is 9% [7]. The prevalence of PTEN mutations in spo-
radic CRC was reported to range between 1% and 29%
[8, 9]. Other mechanisms of inactivation of PTEN in CRC,
such as promoter hypermethylation or mutation, have
also been described [10, 11].

The present study aims to investigate the expres-
sion profiles of PTEN in colorectal adenocarcinoma and
its precancerous lesions – adenomatous polyps – in cor-
relation with the common clinical and histopatholog-
ical features.

Material and methods

Study group

Table I presents clinical and histopathological char-
acteristics of 76 patients included in the analysis. They
underwent endoscopic removal of polyps or major sur-
gery and postoperative adjuvant chemo- and radiotherapy
depending on disease staging. No patient had received
chemotherapy and/or radiotherapy before the surgery.
The study included tissue samples of 34 large intestine
polyps, 10 rectal polyps and 35 colorectal adenocarci-
nomas collected during endoscopic or surgical procedures,
respectively. Twenty samples of adjacent normally ap-
pearing intestinal mucosa served as a control.

Immunohistochemistry

The PTEN expression pattern was examined im-
munohistochemically in formalin-fixed, paraffin-em-
bedded tumor specimens collected from all enrolled pa-
tients.

The monoclonal, rabbit, anti-human PTEN antibody,
clone 138G6, raised against the last 100 C-terminal
amino acids of the protein, was used in all analyses (Cell
Signaling Technology, Denver). PTEN specificity of that
antibody was confirmed earlier, using Western blotting
and immunohistochemistry techniques in several cell
lines of known PTEN status [12]. Immunostaining was
performed according to standard guidelines: four-mi-
crometer-thick sections were cut, mounted on slides,
deparaffinized, and rehydrated in xylene and in a grad-
ed series of ethanol. Epitope retrieval was carried out
for 20 minutes at 98°C in TRIS buffer/EDTA 10 mmol/l,
pH 9.0. Endogenous peroxidase activity was inactivated
by 3% solution of hydrogen peroxide for 5 min. Next,
primary antibody was applied to the slides (1 : 75 di-
lution in Background Reducing Antibody Diluent,
Dako, Denmark) and incubated for 30 minutes at room
temperature. Finally, a mixture of polymer conjugat-
ed with horseradish peroxidase and affinity-purified goat
anti-rabbit Fab' antibody fragments and DAB chro-
mogen was used to visualize the reaction (EnVision +
Dako, Denmark). After counterstaining with hema-
toxylin, specimens were covered with AquaMount
(Dako, Denmark) mounting medium.

Staining intensity was evaluated by a pathologist, who
was blinded to patient-related clinical information. Scor-
ing was performed according to the relative semi-quan-
tification method described originally by Perren [13]
and widely used in many recent studies [14, 15]. Rep-
resentative areas of tumor were selected and scored un-
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Table I. Clinical and histopathological characteristics of
the study groups

FEATURE VALUE

COLORECTAL ADENOMATOUS POLYPS

Age 64.6 years (42-83)
Gender Male: 22

Female: 22
Location Large intestine: 34

Rectum: 10
Shape Pedunculated: 15

Semi-sessile: 1
Sessile: 19
Lack of data: 5

Diameter Small (less than 7 mm):
17 (2-6 mm)
Large (≥ 7 mm): 27 (7-35 mm)

Histological type Adenoma tubulare: 36
Adenoma tubulo-villosum: 3
Adenocarcinoma: 1

Histological grade Low grade: 28
Medium grade: 11
High grade: 2
Lack of data: 3

Colorectal cancer
Age 67.7 years (42-81)
Gender Male: 18

Female: 17
Location Large intestine: 20

Rectum: 15
Histological type Adenocarcinoma:

35 (mucinous: 3)
Dysplasia grade G1: 8; G2: 23; G3: 4
T T1: 4; T2: 10

T3: 14; T4: 7
N N0: 22

N1: 7; N2: 6
M M0: 31

M1: 4
TNM staging I: 14; II: 8;

III: 9; IV: 4
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der original magnification 200×. Slides were classified
into two groups, depending on the staining intensity
of tumor cells in relation to PTEN expression in adja-
cent normal-appearing epithelium or stroma, which
served also as an internal, positive control. Tumors show-
ing no staining or with staining intensity lower than in
corresponding normal tissue were classified as PTEN
negative, while those with increased or equal expres-
sion were considered to be PTEN positive.

A series of histological preparations of cell lines with
known PTEN status [12] served as a positive control.
Additional tumor sections, treated as described above
but without primary antibody application, revealed no
staining (negative control).

Statistical analysis

Statistical analysis was carried out using the Statisti-
ca version 9.0 software suite (StatSoft Inc.) The Mann-
Whitney U test was used to compare clinicopathologi-
cal and immunohistochemical characteristics. To investigate
the correlation between parameters a non-parametric Spear-
man correlation test was used. P-value equal to or less than
0.05 was considered statistically significant.

Results

Expression of PTEN in normal intestinal
mucosa

Diagnostic results were obtained for all cases. The
expression of PTEN protein was located mainly in
the cell cytoplasm but also in nuclei. Positive, strong
cytoplasmic and nuclear expression of PTEN was de-
tected in all 20 normal mucosa specimens (Fig. 1A).

Expression of PTEN in colorectal adenomatous
polyps

Among 44 polyps, normal PTEN expression was ob-
served in 26 cases, that is 59.1%, decreased expression
in 16 cases (36.4%) and no expression in 2 cases (4.6%)
(Fig. 1B). A correlation between PTEN protein ex-
pression intensity and polyp diameter was found. Av-
erage polyp diameter in the group without PTEN pro-
tein expression was 25 mm, while polyps showing
decreased or normal expression of that protein had
a mean diameter of 12.7 mm and 6.5 mm, respectively.

PTEN IN COLORECTAL CARCINOMA AND ITS PRECURSOR LESIONS

Fig. 1. Strong cytoplasmic and nuclear expression of PTEN in normal colonic mucosa (A); focal loss of PTEN expression
in adenomatous polyp (B); adenocarcinoma with strong PTEN expression (C); adenocarcinoma with considerably reduced
PTEN immunoreactivity with accompanying strong reaction in stromal component (D). IHC staining, original magnifi-
cation 100/200×

A B

C D
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Furthermore, non-parametric Spearman’s test confirmed
a moderately strongly expressed (R = –0.53, p =
0.003) negative correlation between polyp diameter and
PTEN protein expression. There was also statistical-
ly significant lower expression of PTEN in polyps in
comparison to normal intestinal mucosa (p = 0.004).
No correlation was found between PTEN expression
in polyps and other clinical and histopathological fea-
tures, including age, gender, shape, localization, dys-
plasia grade and histopathological type. A summary
of the PTEN expression profiles in polyps is present-
ed in Table II and their correlation with clinico-
pathological findings is presented in Table III.

Expression of PTEN in colorectal adenocarci-
noma

In the group of 35 colorectal adenocarcinomas, nor-
mal PTEN expression was observed in 11 cases (31.4%),
decreased expression in 13 cases (37.2%) and no expression
in 11 samples (31.4%). Cases with weak or absent ex-
pression were considered to be PTEN negative (22;
62.8%) in further analysis (Table II). Colorectal carcinoma
was characterized by statistically significant lower PTEN
expression in comparison to normal adjacent mucosa
(p = 0.00001) and adenomatous polyps (p = 0.005). Loss
of PTEN was associated with tumor size and advanced
TNM stage. Patients’ age, gender, tumor location, nodal
status and distant metastases did not correlate with PTEN
immunohistochemical status (Table IV).

Discussion

Several studies have revealed that PTEN genetic
aberrations are involved in the development of many
cancers, including CRC [5, 8, 9]. However, it is also
demonstrated that PTEN dysfunction, besides a ge-
netic mechanism such as a promoter or gene mutation,
may have an epigenetic background. That involves pro-
moter hypermethylation, oxidative inactivation or sup-
pression by microRNAs [16, 17]. Recent studies of
both humans and mice with reduced PTEN gene
dosage indicate that even partial loss of PTEN func-
tion is sufficient for promotion of some cancer types.
The so-called obligatory PTEN haploinsufficiency
theory formulated by Pandolfi [18] suggests that loss
of 20% of activity of that protein leads to a noticeable
increase of risk of cancer development. In the light of
those findings a possibility of evaluation of minor
changes in PTEN activity (expression) is of crucial im-
portance.

PTEN expression profiles of adenomas and adeno-
carcinomas

Using the method of relative expression evaluation
suggested by Perren [13] we have demonstrated a de-
crease or complete absence of PTEN protein expres-
sion in 41% and 5% of adenomatous polyps consid-
ered to be an early precancerous state of CRC. The loss
of PTEN expression found by us in benign precancerous
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Table II. PTEN expression profiles in normal intestinal mucosa, adenomatous polyps and colorectal adenocarcinoma

PTEN EXPRESSION NO. OF CASES (%)
NORMAL MUCOSA ADENOMATOUS POLYPS COLORECTAL ADENOCARCINOMA

Loss 0 (0%) 2 (4.6%) 11 (31.4%)
Decreased 0 (0%) 18 (40.9%) 13 (37.2%)
Normal 20 (100%) 24 (54.6%) 11 (31.4%)
Total negative 0 (0%) 20 (45.5%) 24 (68.6%)
Total 20 (100%) 44 (100%) 35 (100%)

Table III. Comparison of clinicopathological findings by PTEN immunohistochemical status in the group of adeno-
matous polyps

PTEN EXPRESSION P VALUE

NEGATIVE POSITIVE

(N = 20) (N = 24)

Age Year 64.8 64.1 N.S.*
Gender M/F 7/13 9/15 N.S.
Location C/R 16/4 17/7 N.S
Shape P/SS/S 10/1/9 16/0/8 N.S.
Diameter mm 13.4 6.7 0.008*
Dysplasia grade L/M/H 12/5/2 16/6/0 N.S.

*p-value for Student’s t-test
N.S. – not significant, M/F – male/female, C/R – colon/rectum, P/SS/S – pedunculated/semi sessile/sessile, L/M/H – low/medium/high



19

PTEN IN COLORECTAL CARCINOMA AND ITS PRECURSOR LESIONS

states suggests a significant role of that gene in the path-
omechanism of large intestine cancer oncogenesis al-
ready in its early stages. Furthermore, the inverse cor-
relation between PTEN expression and polyp physical
dimensions recognized as a significant predictor of can-
cer transformation may suggest that PTEN dysfunc-
tion is one of the accumulating factors initiating a mul-
tistage neoplastic process. Consistently with our
findings, Colakoglu et al. observed loss of cytoplasmic
PTEN expression in 40% of adenomas – much more
frequently than in carcinomas. They hypothesized that
PTEN loss may be important in the adenoma-colon
cancer sequence [19]. Similar results concerning nu-
clear PTEN were published by Hsu et al. Those authors
revealed loss of PTEN expression in 4 (44%) of 9 test-
ed polyps [20]. They also reported, similarly to the pres-
ent study, some well-defined differences in PTEN ex-
pression between normal colonic mucosa, adenomatous
polyps and CRC. Such a relationship has been noted
by other authors as well [21, 22].

Correlation of PTEN expression and clinico-
pathological characteristics

Absence of or decreased PTEN expression was ob-
served in almost 70% of adenocarcinomas in our se-
ries. Therefore we examined the correlation between
the PTEN immunohistochemical status and some com-
mon clinicopathological parameters, including age, gen-
der, tumor size and location, histological grade, nodal
involvement and TNM staging. The analysis revealed
that large tumor size and advanced stage are correlated
with decreased or absent PTEN immunoreactivity. Sim-
ilar observations were reported by some researchers [20,
22, 23] but were not confirmed by others [19, 24]. On
the other hand, a wide range of other features associ-
ated with PTEN dysfunction have been reported [20,
23], which were not confirmed in the present study,
probably due to the relatively small group size.

In conclusion, loss of PTEN function may play an
important role in both early and late stages of colorectal
carcinogenesis. In the case of adenomatous polyps it
may be a sign of a precancerous state – cancer trans-
formation. During late carcinogenesis it is correlated
with advanced stage and may be a predictor of poor
prognosis – a conclusion that seems to be confirmed
by the latest studies.
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