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Aim of the study: PTEN is an important
gene whose protein product is double
specific phosphatase holding key regu-
latory functions in sending signals from
membrane receptors for growth factors
into the cell downstreams. Its participa-
tion, mainly by PI3K/AKT signaling path-
way in the pathomechanism of many
malignant cancers was unambiguously
confirmed.

The PTEN function gets disturbed on
many levels and for various reasons. Dis-
orders of PTEN protein expression seem
to be even more common in many car-
cinomas.

The aim of the study is to enquire the
meaning of PTEN expression in the
cancer transformation process in large
intestine glandular polyps.

Material and methods: The group inclu-
des 40 patients, 21 men and 19 women,
age median 64 years (51-83) qualified to
endoscopic removal of large intestine
polyp. Tissue material obtained during
polyp removal endoscopy was immedi-
ately fixed in 4% buffered formalin
solution with the mixture of phos-
phatase activity inhibitors (PhosStop
Roche). Time of fixation 24-48 h. After
fixation, the material was embedded in
paraffin. PTEN visualization was based
on specific rabbit monoclonal antibod-
ies (Cell Signaling). The expression of
PTEN protein in large intestine and rec-
tum polyps was marked by a semi-
quantitative method and an attempt to
correlate the results with the acknowl-
edged clinical and histopathological
malignancy risk factors was undertaken.
Results: Loss or weakening of protein
expression was found in 45% cases.
Moreover, the relationship between
polyp diameter and a loss of PTEN
expression was proved. The received
results can indicate a significant partic-
ipation of PTEN gene in early oncogen-
esis stages of large intestine cancer.

Key words: PTEN, colorectal polyp, colo-
rectal cancer, familial adenomatous
polyposis.
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Introduction

Large intestine cancer is a serious problem of public health due to its fre-
quency and the resulting high mortality rate. One of the successes of con-
temporary medicine is preventive large intestine examinations, where its pre-
cancerous states, i.e. glandular polyps, are removed. This effective preventive
activity is based on a concept of multistage cancer transformation in the polyp-
cancer sequence worked out by E.R. Fearon and B. Vogelstein in 1990 [1]. It
is still valid with many supplements for the development of most large intes-
tine cancers: sporadic and family determined.

Cancer transformation is a very complex and multistage process. More and
more data show that it is a result of various genetic and epigenetic changes
whose products are significant for cell metabolic balance in each stage of its
development cycle.

Phosphorylation of the proteins taking part in regulating transformations
of the cell cycle is one of the most important processes [2].

PTEN protein is a phosphatase with double function. One of them is to
disconnect phosphate residues from cell phosphoproteins. Another is to inhib-
it the tyrosine kinase B pathway (PI3K/Akt), through catalysis of the 3-phos-
phorane group detachment reaction from phosphatidylinositol —3,4,5-tris-
phosphate [3].

It seems that the PTEN gene (Phosphatase and Tensin Homolog Deleted
on Chromosome TEN) belongs to suppressor genes mainly because of the con-
trol over the PI3K/Akt signaling pathway. It is located on chromosome 10g23.
The structure of the PTEN gene is complicated. It consists of 9 exons coding
a protein of molecular mass 47 kDa built of 403 amino acids [4].

A molecule of PTEN protein consists of two main domains: the catalytic domain
of phosphatase activity and the C2 domain binding it to the cell membrane. Ger-
minal and somatic mutations of the PTEN gene block and interfere with the cell
signaling pathway, which leads to maintaining cell divisions and apoptosis block-
ade. Apart from the influence on proliferation processes and apoptosis, it also
regulates angiogenesis processes, having anti-angiogenesis properties [5].

Mutations and deletions of the PTEN gene are often found in various malig-
nant human cancers. It seems that disorders of normal expression of the PTEN
protein itself in many cancers are even more common [5-9].
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Aim of the study

The aim of the study is to investigate the significance of
PTEN protein expression in the cancer transformation
process of large intestine adenomatous polyps.

Material and methods

The study included a group of 40 patients with diagnosed
large intestine polyps (32 cases) and rectal polyps (8 cases)
treated by endoscopy or by surgery. Clinical and histopatho-
logical characteristics of the group are presented in Table 1.
In detail: the majority of the polyps originated from the large
intestine and were low grade tubular adenomas with sessile
shape. The diameter of the polyps was equally distributed
between two groups: small, i.e. less than 7 mm, and big, i.e.
more than or equal to 7 mm. Because of incomplete patho-
logical reports it was impossible to determine the shape of
polyps in 5 patients and dysplasia grade also in 5 patients. The
cases were excluded from analyses comprising these factors.

Study material included polyp tissue fixed for 24-48 hours
in buffered 4% formalin with a mixture of phosphatase activ-
ity inhibitors (PhosStop Roche). Tissue material taken dur-
ing endoscopic polyp removal was immersed in paraffin, cut
in series and examined histopathologically and by additional
methods. PTEN protein expression was detected in his-
topathological slices of 5 um thickness with anti-PTEN mon-
oclonal antibody of 138G6 clone (cell signaling technology)
dissolved 1: 75. This antibody shows specificity in relation
to the total endogenic cell pool of PTEN protein with no regard
to the state of its phosphorylation and is obtained as a result
of rabbit immunization by a synthetic peptide correspond-
ing to the 100 terminal amino acid sequence forming the car-
boxyl end of this protein. That is why only normally built PTEN
protein of full length is detected, while all the mutations
of sense change and nonsense ones, leading to its shortening,
lead to immunoreactivity loss.

Table 1. Clinical and histopathological characteristics of the study
group

Feature Values
age median 64 years (51-83)
gender male: 21
female: 19
location large intestine: 32
rectum: 8
shape pedunculated: 15
semi-sessile: 1
sessile: 19
lack of data: 5
diameter small (less than 7 mm): 17

big (7 mm): 23

adenoma tubulare: 36
adenoma tubulo-villosum: 3
adenocarcinoma: 1

histological type

dysplasia grade low grade: 24
medium grade: 10
high grade: 1

lack of data: 5

Epitope retrieval took place in TE alkaline buffer of pH 9.0
(Dako Denmark). However, visualization of the antigen—
antibody complex was done by the system EnVision-
HRP/DAB+ (Dako, Denmark): 30 minutes after incubation
of slices with secondary anti-rabbit antibody marked with
horseradish peroxidase, a substrate for the enzyme in the
DAB form was added. For each case a negative control was
made by replacing the primary antibody with water, and for
the whole group a positive control was made, applying cell
blocks from the cell culture lines of the known PTEN gene sta-
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Fig. 1. PTEN expression in control group examined with antibody
6H2.1: A - MCF-7, B = NIH-1299, C - PC-3
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Fig. 2. Antibody 6H2.1 specificity in cell lysates of the line A431,
HaCat, MCF-7, NIH-1299, PC-3, U2-0S in Western blotting test

and intestinal epithelium of adenoma tubulare. Anti-PTEN
immunohistochemical staining, original magnification 10x

tus (MCF-7, NIG-1299, PC3, HaCat, U2-0S) (Fig. 1). Addition-
ally, the antibody specificity was confirmed by Western blot-
ting method of the selected cell line lysates of the known PTEN
gene status (Fig. 2). Immunohistochemical reaction was eval-
uated in the Olympus BX41 light microscope with the total
magnification 100x and 200x on a three-grade scale con-
sidering staining intensity within cell cytoplasm of polyp
epithelium in the foci of the smallest intensity:
* 0 —no reaction in polyp epithelium,
 1—staining reaction in epithelium weaker than in the envi-
ronment,
2 —staining reaction of the same intensity in polyp epithe-
lium and in the environment.

Additionally, intensity of immunostaining within the cellu-
lar component of the polyp interstitium and its immediate
environment served as an internal control, according to the
method given by Perren et al. [10]. Representative images of
the polyp pattern of normal PTEN expression are present-
ed in photograph 3, while focal loss and expression weak-
ening are presented in Fig. 4.

Statistical analysis was performed using Statistica 8.0 (Stat-
Soft) using single-factor analysis of variance (ANOVA) and
Spearman’s non-parametric correlation test.

Results

Diagnostic results were obtained for all the examined cas-
es. Among 40 polyps, normal PTEN protein expression was
observed in 22 cases, which is 55%, decreased expression
in 16 (40%), but no expression in 2 cases (5%); in one of them
a focus of adenocarcinoma was found. A summary of the
PTEN expression profiles in polyps is presented in Table 2.

In the course of further analysis a relationship between
PTEN protein expression intensity and polyp diameter was
found. No relationship was found between PTEN expression
and other clinical and histopathological features such as age,
gender, shape, localization, dysplasia grade or histopatho-
logical type.

Average polyp diameter in the group without PTEN pro-
tein expression was 25 mm, while polyps showing decreased
expression of this protein had a mean diameter of 1.1 mm.
The polyps of normal PTEN expression were the smallest; their
diameter was 6.2 mm. A comparison of those relations is pre-
sented in Table 3.

In single-factor analysis of variance (ANOVA) of polyp diam-
eter in subgroups created with reference to PTEN protein
expression, only highly significant differences (p = 0.00005)
were observed. The results of the analysis are summarized
in Table 4, and a graphic interpretation is presented in Fig. 2.

Furthermore, the non-parametric Spearman’s test con-
firmed a moderately strongly expressed (R = 0.55) negative
correlation between polyp diameter and PTEN protein
expression. A summary of the analysis is presented in Ta-
ble 5, and graphic interpretation in Fig. 1.

Discussion

The PTEN gene is a suppressor gene of cancer transfor-
mation which is responsible for the whole range of clinical
symptoms. In Cowden disease inherited in an autosomal man-
ner, multiple hamartomatous tumors of ectodermal, meso-
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dermal and endodermal origin are dominant. Polyps of the
alimentary duct occurring in about 35% of patients have var-
ious histopathological forms, most often polyps of hamar-
toma type. An admixture of glandular cells occurs sometimes
in those polyps; however, cancer transformation, though very
frequent, is not dominant in those conditions [11]. Discov-
ery of the PTEN gene’s role in several hereditary diseases of
higher probability of cancer disease has led to studies on the
potential role of this gene in the development of sporadic
neoplastic tumors. It seems that inactivation or disturbance
of this protein’s function is related to the oncogenesis of many
human cancers. It was found in breast, thyroid, lung,
prostate, endometrium, primary liver and large intestine can-
cer [5-12]. The loss of PTEN protein functionality is one of
the most often reported pathologies among human malig-
nant tumors. PTEN has the second, after the P53 gene, high-
est frequency of the observed mutations. It is estimated that
the mutations of at least one allele of the PTEN gene occur
in 50-80% of cases of sporadic endometrial cancers, cere-
bral gliomas and prostate cancers and in 30-50% of breast,
large intestine and lung cancers [12]. According to Leslie
et al. [9] the loss of PTEN protein expression was found in
large intestine cancers in 17% of patients, including the loss
of gene heterozygosity in 22% of cancers and PTEN gene
mutations in 11% of cancers.

At this level of knowledge, the concept of polyp-cancer
transformation from a small dysplastic focus in epithelium,
through gradual increase of the change into adenoma, which
through further grades of dysplasia shows the features of
invasive cancer, will not clarify in an individual patient which
polyp out of many different advancement stages will under-
go progression into invasive cancer. We only know that the
polyps that most often undergo malignant changes have
a histological structure with predominance of villous elements,
are massive, have a diameter more than 2 cm and have a high
dysplasia level. The transition of adenoma into cancer
occurs through a series of mutations in the genes most impor-
tant for the development of cancer, and if this process starts,
it will last on average 10 years. However, there are no reli-

Table 2. PTEN expression in relation to polyp diameter

PTEN expression

count
percentage in column*
percentage in category™*

negative

count decreased
percentage in column
percentage in category

percentage of all cases

count normal

percentage in column
percentage in category
percentage of all cases

total total

percentage total

* Percentage of cases within a group defined by a given polyp diameter
** Percentage of cases within a category defined by a certain PTEN expression

7’\ e B
Fig. 4. Focal decrease and loss of PTEN protein (see arrows)
in glandular polyp. Anti-PTEN immunohistochemical staining,
original magnification 10x

able research methods for selecting a group of those polyps
(or patients) in which the risk of cancer growth in polyps is
the highest. It is known that at the early stage of adenoma
transition into cancer, a mutation leading to activation of
K-RAS protooncogene is created. The importance of other
oncogenes such as C-myc and disorders of APC, MCC, P 53
suppressor genes, and also of mutator genes was shown.
Itis also accompanied by epigenetic changes and microsatel-
lite instability.

In processes of protein phosphorization the crucial role
is played by cell cycle kinases, including B tyrosine kinase (Akt).
PI3K phosphatidylinositol kinase signaling protein, whose
PTEN protein is an inhibitor, is related to it [3].

With the cooperation of PTEN, the PI3/Akt axis is a known
and strong regulator of cell survival. It has a multilevel anti-
apoptotic action, both as a result of transcription inhibition
of caspase-9 gene and BAD protein and its phosphorylation
and blocking of the mitochondrial mechanism of pro-
grammed cell death. It also increases cell proliferation, mak-

Polyp diameter Polyp diameter Line total
27 mm <7mm
2 0 2
8.70% 0.00%
100.00% 0.00%
5.00% 0.00% 5.00%
13 3 16
56.52% 17.65%
81.25% 18.75%
32.50% 7.50% 40.00%
8 14 22
34.78% 82.35%
36.36% 63.64%
20.00% 35.00% 55.00%
23 17 40
57.50% 42.50%
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Table 3. Distribution of polyp diameter in groups in relation to
PTEN protein expression

PTEN N Diameter Diameter Diameter SE
mean SD

negative 2 25.00 7.07 5.00

decreased 16 1113 7.79 195

normal 22 6.18 2.17 0.46

total 40 9.10 6.83 1.08

Table 4. Results of single factor variance analysis (ANOVA) of
polyp diameter variable in groups in relation to PTEN expression

SS  Freedom MS F p
grades

Test power
(¢ =0.05)

PTEN 758.577 2 379.289 13.227 0.000046 0.996

Table 5. Analysis of PTEN expression correlation and polyp dia-
meter by Spearman’s test

Number SpearmanR  t(N-2) Test
of cases significance
level
Polyp & PTEN 40 —-0.544525 —4.00203 0.000281

diameter

ing the transition of G1/s phase through cyclin D1 and sup-
pression of P27, an inhibitor of cyclin dependant kinases, eas-
ier. It was also shown that the mTOR pathway is an imme-
diate PI3/Akt effector responsible for the increase of protein
translation and synthesis. The spatial structure of the PTEN
protein catalytic domain has critical significance for main-
taining the protein phosphate activity. The catalytic center
responsible for the reaction of phosphate residues splitting
off the substrate is geometrically wider than in other phos-
phatases; therefore PTEN shows the activity of both tyrosine
and serine/threonine phosphatase, and also dual specific
phospholipid/phosphoprotein phosphatase [13].

Another postulated mechanism of cell suppression by
PTEN is its influence on mitogen activated protein kinase and
the kinase related to cell adhesion foci FAK (focal adhesion
kinase). It was shown that PTEN, due to its phosphoprotein
phosphatase activity, is able to deactivate both FAK direct-
ly and Ras indirectly, which are the common elements of the
integrin signaling pathway and growth factors. An ability to
modulate cell motility and migration [14] is an effect of this
regulation.

Some studies also suggest that a part of PTEN suppres-
sor activity results from activity of the C2 domain irrespec-
tive of kinases. However, it is the C2 domain which has cru-
cial importance in intracellular protein location. It shows great
affinity to membrane acid lipids, causing the displacement
and gathering of PTEN in the vicinity of the cellular mem-
brane, where its substrates are located [5, 15-17].

Simultaneously, in some cases of sporadic malignant can-
cers, a loss of PTEN protein expression was shown regard-
less of the lack of mutation within its gene. This may be proof
of another, epigenetic pathomechanism of dysfunction
[18,19].

The key role of kinases in the regulation of the cell cycle
puts their activity under strict control and, as a result, com-
plex control. Any mistakes in kinase control can select cell
clones being eager to escape from the apoptosis pathway
in the direction of proliferation. It seems that PTEN protein,
mainly through Kinase Akt being a PI3K antagonist, plays an
important role of protein suppressing polyp growth. It can
be of changeable intensification depending on mutations
appearing in it, which are responsible for tumor initiation and
progression.

Cancer progression occurs in a continuous mannet,
while the process of acquiring consecutive genetic changes
usually lasts many years. It seems that genetic changes occur
in a certain preferred sequence, but it is not a rule.

There are still many unrecognized pathways leading to
formation of a cancer in the large intestine. Only about 10%
of large intestine cancers have mutations in three “classi-
cal” genes of the Fearon-Vogelstein model: APC, K-RAS and
P53 [20].

To understand better the influence of PTEN on cancero-
genesis of large intestine and rectum cancer, we applied
a research method where we evaluated its activity in
polyps in different stages of development. The loss of PTEN
expression found by us in benign precancerous states indi-
cates the significant role of this gene in the pathomechanism
of large intestine cancer already in the early stage of onco-
genesis. Furthermore, the intensification of this process
together with the increase of polyp physical dimensions rec-
ognized as a significant predictor of cancer transformation
can suggest that PTEN dysfunction is one of the accumulating
factors initiating multistage neoplastic process. Taking into
consideration the latest concepts of obligatory PTEN hap-
loinsufficiency put forward by Pandoli et al., according to which
the loss of 20% of activity of this protein leads to a notice-
able increase of cancer development risk, a possibility to eval-
uate tiny changes in PTEN activity (expression) is of crucial
importance. A method of relative evaluation of expression
suggested by Perren [10] used in this study and also applied
successfully in many further studies has given the possibility
to find out the loss or decrease of PTEN protein expression
in 45% of observed polyps. How much this fact is related to
the increase of personal risk of malignant cancer develop-
ment is still an open question.

Fearon and Vogelstein’s theory has been confirmed by clin-
ical observations, morphological data and the results of mol-
ecular biology. However, only a small number of adenomas
transform into malignant cancers. The decisions about
polyps of size 5-9 mm or smaller are of special clinical impor-
tance; they are always doubtful and controversial [21]. The
risk of detecting cancer foci in them is smaller than 1%. The
risk increases by 10% in cases of polyps of 1-2 cm diame-
ter and by 45% in polyps of diameter bigger than 2 cm [22,
23]. Ambiguous opinions about the sizes of polyps to be
removed, especially in the view of new screening possibil-
ities such as computed tomography colography, make us pay
attention to the cancer transformation process in large intes-
tine polyps [21, 24].

Macroscopic polyp evaluation is not able to assess its char-
acter, and the results of the samples taken are not final.
Although the risk of cancer development in a polyp is relat-
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ed to its histopathological structure, shape, size and num-
ber, we are not able to define for sure whether the removed
polyp would turn into a malignant cancer within 5-10
years. So when the adenoma is discovered, a question aris-
es if there has been or will be a transformation into a malig-
nant cancer, should it be removed? Besides, polyps (ade-
nomas) can reoccur even in 50% of patients after being
removed, and a cancer can occur in 5% of patients after ade-
noma incision, which is why there arises another important
question of whether and how these patients should be includ-
ed in a control examination program [24, 25].

Summary and conclusions

As a result of rapid progress in molecular biology happening
now, more and more genetic disorders are being discovered
in patients with large intestine cancers. Neoplasm devel-
opment occurs by alternative pathways; their precise recog-
nition at the molecular level will make the study on search-
ing for prognostic and predictive markers easier.

Fearon and Vogelstein’s model was constructed owing to
histopathological and clinical observations grounded on mol-
ecular biology discoveries showing that most malignant
tumors in the large intestine are formed from earlier exist-
ing adenomas which increase their size and invasiveness grad-
ually.

PTEN protein, and precisely, its lack or dysfunction,
seems to participate in early stages of carcinogenesis in the
large intestine; therefore the studies on its significance in
this process should be continued.

Clinical data gathered in the last decades show that rou-
tine screening examinations can detect the disease in ear-
ly stages of development, and through polypectomy, they
decrease the frequency of its occurrence by stopping disease
development in its early stages.

Predicators do not give the full characterization of can-
cer biology. Therefore, it seems important to study and search
other, new prognostic and predictive factors.
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