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Abstract

The balance between apoptosis and proliferation is tipped towards a decrease of apoptosis as the colonocyte progresses in the adenoma
to carcinoma sequence of colon carcinogenesis. According to literature data, proteins like p53, Ki-67, APAF-1, Ets-1, PTEN contribute
to inhibition of apoptosis and stimulation of proliferation. Aim: Considering the complex interference among colorectal carcinogenetic
mechanisms, our aim was to study the markers Ets-1 and APAF-1 relative to p53, Ki-67 and PTEN expression in colon adenomas/polyps
(AJP). Materials and Methods: We performed immunohistochemistry on 99 colon A/P cases from the material of the Department of Pathology,
Emergency County Hospital of Tirgu Mures, Romania. Secondary EnVision Flex'HRP (Horseradish peroxidase) (20 minutes) was used for
signal amplification. Results: The majority of A/P show increased Ki-67, p53, Ets-1 expression, decreased APAF-1 expression and preserved
PTEN expression. p53, Ki-67, Ets-1 and APAF-1 demonstrated statistically significant correlations with histological type and grade of
dysplasia. We also observed that expression of these proteins in the intestinal crypts has a typical distribution according to histological type
and grade of dysplasia. Conclusions: In case of hyperplastic polyps APAF-1 expression decreases as p53 and Ki-67 expression increases,
followed by a decrease in PTEN expression in serrated adenomas, and an increase of Ets-1 expression in conventional adenomas.
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=& Introduction

According to recently introduced histological classi-
fications, epithelial lesions of the colon can be conventional
adenomas (tubulous, villous and tubulovillous) [1] and
serrated hyperplastic polyp — HP, sessile-serrated
adenoma/polyp — SSA/P, traditional serrated adenoma —
TSA) [2].

Cell homeostasis depends on the balance between
apoptosis and cell proliferation controlled by oncogenes
and tumor suppressor genes, apoptotic and anti-apoptotic
genes [3]. Development of colorectal cancer (CRC) from
polyps/adenomas (A/P) requires the activation of certain
carcinogenetic mechanisms that subsequently induce
changes in proliferation, differentiation, cell apoptosis
and angiogenesis [4, 5]. As the colonocyte progresses in
the adenoma to carcinoma sequence of colon carcino-
genesis, loss of the balance between apoptosis and
proliferation also involves p53, Ki-67, APAF-1, Ets-1,
PTEN [6].

Mutation of the p53 gene plays an important role
in the adenoma—carcinoma sequence, [7] but it also is
involved in the chemotherapy and radiotherapy resistance
mechanism [8]. In case of DNA damage, p53 stimulates
the mitochondrial apoptotic pathway through APAF-1
(apoptotic protease activating factor) [9, 10]. In human
cells, in the absence of the APAF-1, chromosomal insta-
bility becomes enhanced [11]. APAF-1, along with other
proteins participating in the intrinsic or mitochondrial
apoptotic mechanism (Bcl-2, BAX, caspases) is studied
with a great deal of interest as a potential biomarker for
CRC [12]. In SW620 tumor cells resistant to apoptosis,

APAF-1 expression decreases while p53 expression is
increased [6]. Loss of heterozygosity (LOH) (12q23),
absent in A/P and present in CRC and hepatic metastases
is the main mechanism explaining decrease of APAF-1
expression along the adenoma—carcinoma sequence, also
signaled by the decrease of mRNA quantity in CRC [9].

The Ets family is characterized by the Ets domain
that binds to the Ets binding site found in the promoters
of the target genes [13]. These transcription factors are
involved in various biological processes like cell prolife-
ration and differentiation, hematopoiesis, apoptosis, tumor
invasion, tissue remodeling, angiogenesis [13, 14]. The
role of Ets-1 in the mechanism of apoptosis depends on
the tissue [15]. Ets-1 may act as a pro-apoptosis factor in
endothelial cells [16] of the p42-Ets-1 isoform in colon
tumor cells [17]; in embryonic stem cells, it controls the
post-translation activity of protein p53 [18]. The Ets-1 gene
is activated via the Ras/Raf/MAP/MEK/ERK pathway
in CRC cells [5] and in adrenal gland tumors [19] it stimu-
lates carcinogenesis; in melanomas it contributes to the
stimulation of apoptosis resistance, and it is co-activated
through the AKT/PI3K pathway as well [15]. In human
colorectal carcinoma cells, the FBI-1 human proto-
oncogene stimulates Ets-1 transcription factor activity
even through p53 and enhances Ets-1 accumulation in the
nucleus [20]. It has been demonstrated that in breast cancer
[21], ovary cancer, cervical cancer [20], stomach, pancreas,
and thyroid cancer [22] the increased expression of Ets-1
is associated with a poor outcome [20].

Tumor suppressor phosphatase and tensin homologue
deleted from chromosome 10 (PTEN) blocks the PIP3/Akt
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pathway that induces cell proliferation upon activation by
ErbB receptors. PTEN is able to stimulate cell apoptosis
by blocking c-myc expression [23]. Inactivation of the
PTEN gene occurs very frequently in human malignant
lesions like glioblastomas, prostate cancer, endometrial,
pulmonary, colorectal, gastric, esophageal, breast cancers
and melanoma [23-25]. The presence of PTEN expression
in mCRC is an adequate marker for evaluation of the
efficacy of cetuximab therapy that blocks the EGFR
signaling pathway [23].

Considering the complex interference among these
carcinogenetic mechanisms, we studied the markers Ets-1
and APAF-1 relative to p53, Ki-67 and PTEN expression
in colon A/P.

& Materials and Methods

In this study, we performed immunohistochemistry on
99 colon adenomas/polyps (A/P) (22 hyperplastic polyps
— HP, seven sessile-serrate adenomas/polyps — SSA/P,
three traditional serrated adenomas — TSA, 26 tubular
adenomas — TA, 41 tubulovillous adenomas — TVA) from
the material o the Department of Pathology, Emergency
County Hospital of Tirgu Mures, Romania. Most of the
tumors were seen in males (56.5%), in the left colon
(67.7%). The mean age of the patients included in the
study was 62.4+2 years (range: 34-86 years). In HP,
SSA/P and TSA the signs of conventional dysplasia were
absent (WD), but these were seen in all TA and TVA
cases; the most frequent was low grade dysplasia (LGD)
(65.3% of TA and 58.5% of TVA), and the rest were
high-grade dysplasia (HGD).

The 3-pm thick sections obtained from the formalin
fixed and paraffin embedded resection tissue specimens
were routinely dewaxed and rehydrated followed by
endogenous peroxidase blocking. Antigen retrieval was
performed by pressurized steam cooking [citrate solution,
pH 6 for p53, Ki-67; Tris/EDTA (ethylenediaminetetra-
acetic acid) buffer, pH 9 for APAF-1, PTEN, Ets-1]. We
used the following mouse monoclonal antibodies for p53
(clone DO-7, DakoCytomation, Denmark) in 1/100, Ets-1
(clone IG11, Leica Biosystems Newcastle Ltd., UK) in
1/200, APAF-1 (clone NCL-APAFI, Leica Biosystems
Newcastle Ltd.) in 1/600, PTEN (clone PTN-18, MOB
449, Diagnostic BioSystem, Pleasanton, USA, against the
C-terminal segment of the protein) in 1/400 (overnight,
4°C), and rabbit monoclonal antibody Ki-67 (clone SP6,
LabVision Fremont, CA, USA,) in 1/100. Secondary
EnVision Flex/HRP (Horseradish peroxidase) (Dako, 20
minutes) was used for signal amplification. 3,3’-Diamino-
benzidine (DAB, Dako) development was used for detecting
primary antibodies. The slides were counterstained with
Hematoxylin, dehydrated and mounted. Negative controls
were performed by omitting the primary antibody.

Immunohistochemical reactions were read by two
independent reviewers. The percent of positive tumor
cells was established in order to determine immunohisto-
chemical grading. In case of p53, Ki-67, Ets-1 and PTEN,
we had nuclear expression, while in case of APAF-1 the
expression was cytoplasmic. We interpreted the results
according to the following grading system: GO: 0-10%,
G1: 11-50%, G2: 51-100%. We considered a positive
reaction whenever over 10% of cells were labeled by p53,

Ki-67 and Ets-1, while expression was considered to be
negative (decreased or absent) if less than 50% of cells
showed positive labeling for PTEN and APAF-1.
Results were analyzed using the Graph Pad In Stat 3,
ver. 3.006 statistic calculation software (GraphPad Software
Inc., San Diego, USA). We considered the association
significant when p<0.05, with 95% confidence interval.

=& Results

In the normal colon epithelium, nuclear expression of
Ki-67 and p53 was seen in less than 10% of the cells located
in the lower third of the crypts, and Ets-1 expression was
absent. Cytoplasmic expression of APAF-1 and nuclear
expression of PTEN was distributed throughout the whole
thickness of the normal epithelium (Table 1).

Table 1 — Immunoexpression of Ki-67, p53, Ets-1

Ki-67 P53 Ets-1
G0 G1 G2 GO G1 G2 GO G1 G2
Histological type
HP 13 7 2 8 11 3 21 1 0
SSAP 2 3 2 0 6 1 5 2 0
TSA 1 2 0 0 2 1 1 1 1
TA 0 24 2 0 10 16 5 20 1
TVA 3 37 1 0 31 10 11 23 7
P<0.05 P<0.05 P<0.05

Grade of dysplasia
WD 16 12 4 8 19 5 27 4
LGD 2 39 0 0 30 11 9 28 4
HGD 1 22 3 0 11 5 7 15 4
P<0.05 P<0.05 P<0.05

HP: Hyperplastic polyps; SSA/P: Sessile serrated adenomas/polyps;
TSA: Traditional serrated adenomas; TA: Tubular adenomas; TVA:
Tubulovillous adenomas; WD: Without dysplasia; LGD: Low-grade
dysplasia; HGD: High-grade dysplasia.

Ki-67 immunoexpression

In most of A/P, Ki-67 expression was increased (G1 in
73.7%, and G2 in 7%, respectively), and absent in a small
percent of the cases only (GO in 7%). Ki-67 expression
correlated significantly with histological type and grade
of dysplasia (Table 1).

In 81.8% of HP, Ki-67 expression was seen in the
lower third of the bowel glands, and in the rest of the
cases, it extended up to the lower half of these. Conse-
quently, Ki-67 expression in the majority of HP was
GO0 (59%). In most of the SSA/P and TSA cases, Ki-67
expression was increased (71.4%, and 66.6%, respectively);
distribution in the crypts was predominantly disorganized
in SSA/P (71.4%) and TSA (100%), extending over the
lower half segment (Figure 1a). In TA and TVA, Ki-67
expression was predominantly increased; it was more
intense in the upper third of the crypts (Figure 1b).

The proportion of cases with increased Ki-67 expression
increased with the grade of dysplasia (WD: 50%, LGD:
95.1%, HGD: 96.1%). Ki-67 expression does not show
statistically significant correlations with localization, age
and gender (p>0.05).

P53 immunoexpression

Similar to Ki-67, the expression of p53 was increased
in the majority of A/P (G1 in 60.6%, and G2 in 31.3%,
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respectively), with a statistically significant correlation
with histological type and dysplasia (Table 1).

In 77.2% of HP, p53 expression was seen in the
lower third of the crypts, and in the rest of the cases, it
extended up to the lower half of these. In most of HP,
p53 expression was increased (G1 in 50%, and G2 in
13.6%, respectively), and absent in about one third of
the cases only (GO in 36.6%). In all SSA/P and TSA
cases, p53 expression was increased, extending beyond
the lower half of the crypts, and showing a disorganized
distribution in TSA. Also, in all TA and TVA cases, we
noticed increased p53 expression, with a similar distribu-
tion to Ki-67 expression (Figure 1c).

The proportion of cases with increased p53 expression
increases with the grade of dysplasia (WD: 75%, LGD:
100%, HGD: 100%). P53 expression does not show statis-
tically significant correlations with localization, age and
gender (p>0.05).

Ets-1 immunoexpression

The expression of Ets-1 was increased in the majority
of A/P (GI in 47.4%, and G2 in 9%, respectively), and it
was absent in 43.4% of the cases; there was a statistic-
cally significant correlation with histological type and
dysplasia (Table 1).

In most of HP (95.4%) and SSA/P (71.4%), Ets-1
expression was missing, while in most of TSA cases, it
was increased (G1 in 33% and G2 in 33%) (Figure 1d).
In case of TA and TVA cases with increased expression
are also predominant (G1: 76.9%, G2: 3.8%, and Gl:
56% and G2: 17%, respectively).

The proportion of cases with increased Ets-1 expres-
sion increases with the grade of dysplasia (WD: 15.6%,
LGD: 78%, HGD: 73%). Ets-1 expression does not show
statistically significant correlations with localization, age
and gender (p>0.05).

In 10% of the cases (one HP case, one TSA, three
TA, five TVA), in addition to the nuclear expression we
observed a weak cytoplasmic reaction as well. In most
of these cases, Ets-1 expression was present in less than
10% of the cells, Ki-67 and p53 expression was moderately
increased; APAF-1 expression was decreased, and PTEN
expression was maintained.

APAF-1 immunoexpression

Relative to the adjacent normal tissues, APAF-1
expression was decreased in 37.3% and absent in 62.6%
of the investigated A/P, showing a statistically significant
correlation with histological type and grade of dysplasia
(Table 2).

In all HP cases, APAF-1 expression was absent or
present in less than 10% of the tumor cells, and it was
more enhanced in the upper third of the crypts. Of the
seven SSA/P cases, APAF-1 expression was absent in five
and decreased in two, with an unequal and inhomogeneous
distribution. Of the three TSA cases, this marker was not
expressed or present in less than 10% of the tumor cells in
two cases, and it showed decreased expression with diffuse
distribution in one case. In the majority of TA (69.2%) we
observed decreased expression, while in most of TVA
expression was absent or present in less than 10% of
the tumor cells (60.9%) (Figure 1e). The distribution of
APAF-1 expression in TA and TVA was diffuse.
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Table 2 — Immunoexpression of APAF-1, PTEN
APAF-1 PTEN
GO G1 G2 GO G1 G2
Histological type
HP 22 0 0 2 6 14
SSA/P 5 2 0 2 1 4
TSA 2 1 0 0 0 3
TA 8 18 0 3 6 17
TVA 25 16 0 2 16 23
P<0.05 P>0.05
Grade of dysplasia
WD 29 3 0 4 7 21
LGD 15 26 0 4 10 27
HGD 18 8 0 1 12 13
P<0.05 P>0.05

HP: Hyperplastic polyps; SSA/P: Sessile serrated adenomas/polyps;
TSA: Traditional serrated adenomas; TA: Tubular adenomas; TVA:
Tubulovillous adenomas; WD: Without dysplasia; LGD: Low-grade
dysplasia; HGD: High-grade dysplasia.

The proportion of cases with missing APAF-1 expres-
sion increases with the grade of dysplasia (WD: 90.6%,
LGD: 36.5%, HGD: 100%). APAF-1 expression does not
show statistically significant correlations with localization,
age and gender (p>0.05).

PTEN immunoexpression

In the majority of studied A/P, PTEN expression was
kept (61.6%), decreased in 29.2% and absent in only 9%
of the cases. Expression of this marker does not show
statistically significant correlations with the studied
clinico-pathological parameters (Table 2).

In most of the histological types, PTEN expression
was maintained, and only the proportion of cases with
decreased or absent expression was variable (HP: 27.2%,
and 9%, respectively; SSA/P: 14.2%, and 28.5%, respec-
tively; TA: 23%, and 11.5%, respectively; TVA: 39%,
and 4.8%, respectively) (Figure 1f). In the majority of
HP and SSA/P cases, the intensity of PTEN expression
in the crypts demonstrated a decreasing trend in distri-
bution in the deep to superficial direction; otherwise, the
expression was diffuse. In the majority of TA and TVA
with LGD, PTEN expression showed a decreasing trend
in intensity in the superficial to deep direction, otherwise
it was diffuse as well; cases with HGD and TSA cases
showed predominantly diffuse expression.

Although PTEN expression does not show statistically
significant correlations with the grade of dysplasia, the
proportion of cases with decreased or missing expression
increases in parallel with the previous (WD: 34.3%, LGD:
34.1%. HGD: 50%).

Correlations

Analyzing the correlations between the studied
markers, we observed statistically significant positive
correlations between p53 and Ets-1 (CC=0.3, p=0.001),
and p53 and Ki-67 (CC=0.5, p<0.0001).

The most frequent immunophenotype in HP cases
was Ets1-/Ki67+/P53+/APAF1-/PTEN+ (31.8%), along
with Ets1-/Ki67-/P53+/APAF1-/PTEN+ (18.1%), and
Ets1-/Ki67+/P53+/APAF1-/PTEN- (9%). In SSA/P cases,
in addition to the already mentioned three immunophe-
notypes there is an Ets1+/Ki67+/P53+/APAF1-/PTEN+
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(14.2%) immunophenotype, and the Ets1-/Ki67+/P53+/
APAF1-/PTEN+ (28.5%) and Ets1/Ki67+/P53+/APAF1-/
PTEN- (28.5%) are predominant. The majority of TSA,
TA, TVA were Ets1+/Ki67+/P53+/APAF1-/PTEN+ (66%,
53.8%, and 39%, respectively). In TA and TVA cases,
the Ets1-/Ki67-/P53+APAF1-/PTEN+ immunophenotype
is missing, although present in HP, SSA/P and TSA; in
about 25% of the cases the immunophenotype Etsl+/
Ki67+/p53+/APAF1-/PTEN- occurs (Figure 2a).

The ratio of Ets1-/Ki67+/P53+/APAF1-/PTEN+ and
Ets1-/Ki67-/P53+/APAF1-/PTEN+ cases decreases, while

TP,
-/,”,\xy!( i

<

those of Ets1+/Ki67+/P53+/APAF1-/PTEN+ and Ets1+/
Ki67+/p53+/APAF1-/PTEN- cases increases with the
grade of dysplasia (Figure 2b).

In case of Ets-1, Ki-67, p53, APAF-1, the average of
percent ratios of positive cells shows statistically signi-
ficant differences according to histological type (Student’s
test, p<0.0001). This correlation could not be demonstrated
in case of PTEN. For Ki-67, Ets-1, p53 this average was
higher TSA, TA and TVA. The average of PTEN expres-
sion was decreased in SSA/P, and APAF-1 expression
in HP and SSA/P (Figure 2c¢).

o e AT N

Figure 1 — (A) Increased Ki-67 immunoexpression (G1) in sessile serrated adenoma/polyp, x100; (B) Increased Ki-67

immunoexpression (G2) in tubulovillous adenoma with low-grade dysplasia, x100; (C) Increased p53 immuno-
expression (G2) in tubular adenoma with high-grade dysplasia, x100; (D) Increased Ets-1 immunoexpression (G1) in
traditional serrated adenoma, x200; (E) Absent APAF-1 immunoexpression (G0) in tubulovillous adenoma with low-
grade dysplasia, x100; (F) Maintained PTEN immunoexpression (G2) in tubular adenoma with low-grade dysplasia,

x100.
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Figure 2 — (4) The most frequent immunophenotypes
relative to the histological type of A/P; (B) The most
frequent immunophenotypes relative to the grade of
dysplasia; (C) The mean percentage of positive cells
relative to histological type. HP: Hyperplastic polyps;
SSA/P: Sessile serrated adenomas/polyps; TSA: Tra-
ditional serrated adenomas; TA: Tubular adenomas;
TVA: Tubulovillous adenomas; WD: Without dysplasia;
LGD: Low-grade dysplasia; HGD: High-grade dysplasia.

& Discussion

During the last decades, thanks to introduction of new
screening methods for CRC, the histological subtypes of
serrated adenomas (HP, TSA and SSA/P) were also
identified [26]. Consequently, the histological classifica-
tion of A/P has been renewed recently [27, 28], and CRC
screening guidelines officially acknowledged in 2012 the
involvement of TSA and SSA/P in CRC carcinogenesis,
alongside conventional adenomas [26].

Ki-67 expression is increased in SSA/P relative to HP,
aiding specialists in diagnosing these lesions, alongside
the well-known microscopic features of SSA/P: crypt
dilation, irregularly branching crypts, horizontally arranged
basal crypts [27-29]. In our study, Ki-67 and p53 expression
was also more frequent and asymmetric in SSA/P and
TSA, compared to HP with a Ki-67 expression localized
to the lower third of the crypts [27, 28, 30]. HP cases
(18.8% in our study) with Ki-67 and p53 expression

extending towards the lower half of the crypts probably
represent an intermediate stage between HP and SSA/P
[28]. In the majority of conventional adenomas, Ki-67 and
p53 expression was increased, with enhancements in the
upper third of the crypts [31]. Similar to several already
published studies, our result support the correlation between
Ki-67 and p53 expression, and histological type and grade
of dysplasia [32, 33].

During the embryonic stage, the Ets-1 transcription
factor plays a role in the development of the digestive
tract and of tissues derived from the mesoderm, by stimu-
lating cell proliferation and differentiation. Expression
of this marker gradually decreases during fetal life, and
its reactivation in CRC correlates with tumor invasion and
presence of lymph node metastases [22, 34]. Recent studies
also reported increased quantities of Ets-1 mRNA in CRC
[14]. The mechanism of Ets-1 involvement in cell apop-
tosis inhibition and development of resistance to chemo-
therapy is still unclear [15]. It has been demonstrated that
the mutated p53 protein [35], and several carcinogenetic
pathways [5, 15, 18, 20] stimulate activity and nuclear
accumulation of this protein. As a result, Ets-1 expression
has been reported in CRC and in breast cancer, both in
nucleus, and in the cytoplasm [21, 22, 36]. In breast
cancer, nuclear expression of Ets-1 was associated with
a poor outcome and increased p53 expression, while
cytoplasmic expression was associated with a favorable
tumor phenotype [36].

In our study, Ets-1 expression was predominantly
nuclear and increased in the majority of A/P cases,
contrary to the results reported by Nakayama ef al. (2001)
[22]. In 10% of the cases, we observed cytoplasmic
expression, together with a moderately increased Ki-67
and p53 expression, decreased APAF-1 expression, and
maintained PTEN expression. In our previous publica-
tions, we could not demonstrate correlations between
histological type of A/P, and grade of dysplasia and Ets-1
expression [37]. By studying a new batch of A/P cases,
and using the recently introduced histological classification
criteria, we observed that expression of this protein was
absent in the majority of HP and SSA/P, and it was
increased in most of the TSA, TA and TVA; it also showed
statistically significant correlations with the grade of
dysplasia. There are published studies that support the
absence of Ets-1 expression in HP [38], and the corre-
lation with the grade of dysplasia [22], but there is no
data about the expression of this protein in serrated
adenomas. Additionally, the mean percentage of positive
cells was highest in TSA, further supporting the early
involvement of this marker in serrated carcinogenesis.

The role of tumor suppressor protein p53 is to induce
apoptosis through stimulation of the transcription of certain
pro-apoptotic genes, like APAF-1 [12], a key regulator
in the mitochondrial pathway of apoptosis. The loss of
APAF-1 is followed by resistance against the apoptotic
signals [39]. Decrease of APAF-1 expression in CRC
correlates with left colon localization, tumor invasion,
presence of lymph node metastases, advanced TNM and
Dukes stage, and poor histological differentiation, and
short survival [12, 39—-41].

In the study of Paik et al. (2007), all A/P colon cases
maintained APAF-1 expression, similar to the adjacent
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normal epithelium [39]. We could not find other published
data about the expression of this protein in A/P. In our
study, APAF-1 expression was decreased or absent in
all A/P cases, and correlated with histological type and
grade of dysplasia. In HP cases, the distribution of APAF-1
expression was enhanced in the upper third of the crypts,
in SSA/P cases it was irregular, while in TSA, TA and
TVA it was diffuse. Using the same antibody and signal
amplification system, Stréter ez al. (2010) observed luminal
enhancement of APAF-1 expression, suggesting that
colon cells undergo apoptosis here. They mentioned that
staining within the basal parts of the crypts occurs due
to unspecific labeling of mucus. Probably the different
immunohistochemical methods and interpretation systems
described in the literature contributed to the non-
conclusive results regarding the prognostic role of this
marker in CRC [41].

Decreased PTEN expression was reported in about
20-40% of CRC, and PTEN gene mutations (10g23) in
1-29% of CRC; these were most frequent in CRC with
microsatellite instability and BRAF mutations [23, 42].
In CRC, decreased PTEN expression correlates with tumor
size, young age, female gender, left localization, tumor
invasion, lymph node metastases, advanced Dukes stage,
poor histological differentiation and short survival [23,
25, 42—-44]. There are only a small number of studies about
PTEN expression in conventional A/P, but not serrated
ones. PTEN expression was kept in 40-85.7% of A/P
cases, although the authors worked with small number
(14-44) of cases [23, 42, 43, 45].

In case of our samples, nuclear expression of PTEN
was maintained in 61.6% of A/P cases, and did not
correlate with clinico-pathological parameters, which was
similar to data published by other authors [43]. It should
be noted that in all TSA cases, PTEN expression was
maintained. In the majority of HP and SSA/P cases, the
intensity of PTEN expression in the crypts had a decreasing
trend in the deep to superficial direction, an inverse trend
in conventional adenomas with LGD, while in those with
HGD, and in TSA cases, we observed diffuse expression
in most of the cases.

There are several immunohistochemical studies in CRC
about PTEN that returned different results according to
the antibody, methods and interpretation grading they
used. Using anti-PTEN clone 6H2.1 (1/100), Naguib et al.
(2011) described cytoplasmic and nuclear reaction in
normal colon tissue, maintained cytoplasmic reaction and
absent nuclear expression in A/P cases, and absent nuclear
and cytoplasmic reaction in CRC [42]. Waniczek et al.
(2013) [43] used anti-PTEN clone 138G6 (1/75), and Li
et al. (2009) [44] used anti-PTEN 6H2.1 (1/100), and they
reported predominantly cytoplasmic expression, and more
rarely nuclear expression. Jang et al. (2010) [23] used
anti-PTEN clone 28H6 (1/200) and reported only nuclear
reactions; Colakoglu et al. (2008) [45] used anti-PTEN
clone Ab-4, which resulted in cytoplasmic expression.
In our study, we used anti-PTEN clone PTN-18 (1/400)
and a Dako EnVision/Flex HRP System, and we obtained
nuclear reactions. In a previous study, we used the same
antibody (1/25) and the UltraVision Labeled Polymer
system (LabVision, Fremont, CA, USA) for detection,
and we obtained cytoplasmic reactions [46]. Considering

that there is no international consensus, Maiques ef al.
(2014) tried to optimize the reaction conditions using
anti-PTEN clone 6H2.1 in different concentrations and
different antibody diluents and detection systems; they
reported that the quality and type of reactions show
differences not only according to the above-mentioned
parameters, but also depending on the studied tissue [47].

Comparative analysis of the immunohistochemical
results demonstrated that in HP cases, Ets-1 expression
is mostly absent, Ki-67 and p53 expression is already
increased, APAF-1 expression is decreased, and PTEN
expression is maintained. The majority of SSA/P cases
are characterized by the same immunophenotypes as HP
cases, but PTEN expression decreases because of serrated
carcinogenetic pathways that are already active in these
lesions. In addition to increased Ki-67 and p53 expression,
conventional adenomas are characterized by increased
Ets-1 expression, decreased APAF-1 expression, and main-
tained PTEN expression. In 2/3 of the TSA cases, we
found immunophenotypes seen in conventional adenomas,
and in 1/3 of the cases immunophenotypes seen SSA/P
cases.

& Conclusions

APAF-1 expression decreases in early stages of colo-
rectal carcinogenesis, in addition to increases in Ki-67
and p53 expression. These changes in serrated carcino-
genesis are followed by a decrease in PTEN expression,
while in the conventional adenoma—carcinoma sequence
this is maintained, but instead Ets-1 expression increases.
Clarification of the involvement of these markers in colo-
rectal carcinogenesis requires other molecular biology
studies.

Conflict of interests
The authors declare that they have no conflict of
interests.

Acknowledgments

The project has been funded by the Internal Research
Grants of the University of Medicine and Pharmacy of
Tirgu Mures, Romania (Individual Contract No. 24/11.12.
2013 and Collective Contract No. 20/23.12.2014).

References

[11 Lash RH, Genta RM, Schuler CM. Sessile serrated adenomas:
prevalence of dysplasia and carcinoma in 2139 patients.
J Clin Pathol, 2010, 63(8):681-686.

[2] Bosman FT, Carneiro F, Hruban RH, Theise ND (eds). World
Health Organization (WHO) classification of tumours of the
digestive system. 4™ edition, International Agency for Research
on Cancer (IARC) Press, Lyon, 2010, 132-173.

[3] Seth A, Watson DK. ETS transcription factors and their emerging
roles in human cancer. Eur J Cancer, 2005, 41(16):2462—2478.

[4] Yokota T. Are KRAS/BRAF mutations potent prognostic and/or
predictive biomarkers in colorectal cancers? Anticancer Agents
Med Chem, 2012, 12(2):163-171.

[5] Voulgari A, Voskou S, Tora L, Davidson |, Sasazuki T,
Shirasawa S, Pintzas A. TATA box-binding protein-associated
factor 12 is important for RAS-induced transformation pro-
perties of colorectal cancer cells. Mol Cancer Res, 2008, 6(6):
1071-1083.

[6] Huerta S, Heinzerling JH, Anguiano-Hernandez YM, Huerta-
Yepez S, Lin J, Chen D, Bonavida B, Livingston EH. Modi-
fication of gene products involved in resistance to apoptosis
in metastatic colon cancer cells: roles of Fas, Apaf-1, NFkB,
IAPs, Smac/DIABLO, and AlIF. J Surg Res, 2007, 142(1):184—194.




Changes in immunoexpression of p53, Ki-67, Ets-1, APAF-1 and PTEN in serrated and conventional colon...

1395

[7] Berg M, Danielsen SA, Ahlquist T, Merok MA, Agesen TH,
Vatn MH, Mala T, Sjo OH, Bakka A, Moberg |, Fetveit T,
Mathisen &, Husby A, Sandvik O, Nesbakken A, Thiis-
Evensen E, Lothe RA. DNA sequence profiles of the colo-
rectal cancer critical gene set KRAS-BRAF-PIK3CA-PTEN-
TP53 related to age at disease onset. PLoS One, 2010,
5(11):e13978.

[8] Jemaa M, Galluzzi L, Kepp O, Boiléve A, Lissa D, Senovilla L,
Harper F, Pierron G, Berardinelli F, Antoccia A, Castedo M,
Vitale |, Kroemer G. Preferential killing of p53-deficient cancer
cells by reversine. Cell Cycle, 2012, 11(11):2149-2158.

[9] Umetani N, Fujimoto A, Takeuchi H, Shinozaki M, Bilchik AJ,
Hoon DS. Allelic imbalance of APAF-1 locus at 12923 is related
to progression of colorectal carcinoma. Oncogene, 2004,
23(50):8292-8300.

[10] Robles Al, Bemmels NA, Foraker AB, Harris CC. APAF-1
is a transcriptional target of p53 in DNA damage-induced
apoptosis. Cancer Res, 2001, 61(18):6660-6664.

[11] Mouhamad S, Galluzzi L, Zermati Y, Castedo M, Kroemer G.
Apaf-1 deficiency causes chromosomal instability. Cell Cycle,
2007, 6(24):3103-3107.

[12] Hector S, Prehn JH. Apoptosis signaling proteins as prog-
nostic biomarkers in colorectal cancer: a review. Biochim
Biophys Acta, 2009, 1795(2):117-129.

[13] Legrand AJ, Choul-Li S, Spriet C, Idziorek T, Vicogne D,
Drobecq H, Dantzer F, Villeret V, Aumercier M. The level of
Ets-1 protein is regulated by poly(ADP-ribose) polymerase-1
(PARP-1) in cancer cells to prevent DNA damage. PLoS One,
2013, 8(2):e55883.

[14] Deves C, Renck D, Garicochea B, da Silva VD, Giulianni
Lopes T, Fillman H, Fillman L, Lunardini S, Basso LA,
Santos DS, Batista EL Jr. Analysis of select members of the
E26 (ETS) transcription factors family in colorectal cancer.
Virchows Arch, 2011, 458(4):421-430.

[15] Dong L, Jiang CC, Thorne RF, Croft A, Yang F, Liu H, de
Bock CE, Hersey P, Zhang XD. Ets-1 mediates upregulation
of Mcl-1 downstream of XBP-1 in human melanoma cells upon
ER stress. Oncogene, 2011, 30(34):3716-3726.

[16] Teruyama K, Abe M, Nakano T, Iwasaka-Yagi C, Takahashi S,
Yamada S, Sato Y. Role of transcription factor Ets-1 in the
apoptosis of human vascular endothelial cells. J Cell Physiol,
2001, 188(2):243-252.

[17] Huang CC, Papas TS, Bhat NK. A variant form of ETS1
induces apoptosis in human colon cancer cells. Oncogene,
1997, 15(7):851-856.

[18] Xu D, Wilson TJ, Chan D, De Luca E, Zhou J, Hertzog PJ,
Kola I. Ets1 is required for p53 transcriptional activity in UV-
induced apoptosis in embryonic stem cells. EMBO J, 2002,
21(15):4081-4093.

[19] Chen YF, Shin SJ, Lin SR. Ets1 was significantly activated
by ERK1/2 in mutant K-ras stably transfected human adreno-
cortical cells. DNA Cell Biol, 2005, 24(2):126—132.

[20] Zhu M, Li M, Zhang F, Feng F, Chen W, Yang Y, Cui J,
Zhang D, Linghu E. FBI-1 enhances ETS-1 signaling activity
and promotes proliferation of human colorectal carcinoma
cells. PLoS One, 2014, 9(5):€98041.

[21] Puzovic V, Brcic |, Ranogajec |, Jakic-Razumovic J. Prognostic
values of ETS-1, MMP-2 and MMP-9 expression and co-
expression in breast cancer patients. Neoplasma, 2014, 61(4):
439-446.

[22] Nakayama T, Ito M, Ohtsuru A, Naito S, Sekine I. Expression
of the ets-1 proto-oncogene in human colorectal carcinoma.
Mod Pathol, 2001, 14(5):415-422.

[23] Jang KS, Song YS, Jang SH, Min KW, Na W, Jang SM, Jun YJ,
Lee KH, Choi D, Paik SS. Clinicopathological significance
of nuclear PTEN expression in colorectal adenocarcinoma.
Histopathology, 2010, 56(2):229-239.

[24] Molinari F, Frattini M. Functions and regulation of the PTEN
gene in colorectal cancer. Front Oncol, 2014, 3:326.

[25] Loupakis F, Pollina L, Stasi I, Ruzzo A, Scartozzi M, Santini D,
Masi G, Graziano F, Cremolini C, Rulli E, Canestrari E,
Funel N, Schiavon G, Petrini I, Magnani M, Tonini G,
Campani D, Floriani |, Cascinu S, Falcone A. PTEN expression
and KRAS mutations on primary tumors and metastases in
the prediction of benefit from cetuximab plus irinotecan for
patients with metastatic colorectal cancer. J Clin Oncol, 2009,
27(16):2622-2629.

[26] Tadros M, Anderson JC. Serrated polyps: clinical implications
and future directions. Curr Gastroenterol Rep, 2013, 15(9):
342.

[27] Shida Y, Ichikawa K, Fujimori T, Fujimori Y, Tomita S, Fuijii T,
Sano Y, Oda Y, Goto H, Ohta A, Tanaka S, Sugai T, Yao T,
Ohkura Y, Imura J, Kato H. Differentiation between sessile
serrated adenoma/polyp and non-sessile serrated adenoma/
polyp in large hyper plastic polyp: a Japanese collaborative
study. Mol Clin Oncol, 2013, 1(1):53-58.

[28] Fujimori Y, Fujimori T, Imura J, Sugai T, Yao T, Wada R,
Ajioka Y, Ohkura Y. An assessment of the diagnostic criteria
for sessile serrated adenoma/polyps: SSA/Ps using image
processing software analysis for Ki-67 immunohistochemistry.
Diagn Pathol, 2012, 7:59.

[29] Davenport A, Hale RJ, Hunt CR, Bigley G, McMahon RF.
Expression of Ki-67 and cytokeratin 20 in hyperplastic polyps
of the colorectum. J Clin Pathol, 2003, 56(3):200-204.

[30] Okamoto K, Fujimori T, Yamaguchi T, Ichikawa K, Tomita S,
Sugai T, Imura J, Ohkura Y, Yao T, Fujii S, Kusaka T,
Sekikawa A, Fukui H, Chiba T, Kato H, Mitomi H. Overex-
pression of regenerating gene la appears to reflect aberration
of crypt cell compartmentalization in sessile serrated adenoma/
polyps of the colon. Diagn Pathol, 2013, 8:187.

[31] Hashimoto Y, Skacel M, Lavery IC, Mukherjee AL, Casey G,
Adams JC. Prognostic significance of fascin expression in
advanced colorectal cancer: an immunohistochemical study
of colorectal adenomas and adenocarcinomas. BMC Cancer,
2006, 6:241.

[32] Wang LP, Yang GZ, Li L, Zhou ZY, Gao BL, Wang B, Han Y.
Clinicopathological and immunohistochemical features of
colorectal sessile serrated adenoma. Zhonghua Zhong Liu
Za Zhi, 2009, 31(4):269-273.

[33] Oka S, Tanaka S, Hiyama T, Kitadai Y, Yoshihara M,
Shimamoto F, Haruma K, Chayama K. Human telomerase
reverse transcriptase, p53 and Ki-67 expression and apoptosis
in colorectal serrated adenoma. Scand J Gastroenterol, 2002,
37(10):1194-1200.

[34] Behrens P, Mathiak M, Mangold E, Kirdorf S, Wellmann A,
Fogt F, Rothe M, Florin A, Wernert N. Stromal expression of
invasion-promoting matrix-degrading proteases MMP-1 and
-9 and the Ets 1 transcription factor in HNPCC carcinomas
and sporadic colorectal cancers. Int J Cancer, 2003, 107(2):
183-188.

[35] Sankala H, Vaughan C, Wang J, Deb S, Graves PR. Up-
regulation of the mitochondrial transport protein, Tim50, by
mutant p53 contributes to cell growth and chemoresistance.
Arch Biochem Biophys, 2011, 512(1):52-60.

[36] Mylona EE, Alexandrou PT, Giannopoulou IA, Rafailidis PI,
Markaki S, Keramopoulos A, Nakopoulou LL. Study of the
topographic distribution of ets-1 protein expression in invasive
breast carcinomas in relation to tumor phenotype. Cancer
Detect Prev, 2006, 30(2):111-117.

[37] Pap Z, Pavai Z, Dénes L, Kovalszky |, Jung J. An immuno-
histochemical study of colon adenomas and carcinomas:
E-cadherin, Syndecan-1, Ets-1. Pathol Oncol Res, 2009,
15(4):579-587.

[38] Ito Y, Takeda T, Okada M, Matsuura N. Expression of ets-1
and ets-2 in colonic neoplasm. Anticancer Res, 2002, 22(3):
1581-1584.

[39] Paik SS, Jang KS, Song YS, Jang SH, Min KW, Han HX,
Na W, Lee KH, Choi D, Jang SJ. Reduced expression of
Apaf-1 in colorectal adenocarcinoma correlates with tumor
progression and aggressive phenotype. Ann Surg Oncol,
2007, 14(12):3453-3459.

[40] Zlobec I, Minoo P, Baker K, Haegert D, Khetani K, Tornillo L,
Terracciano L, Jass JR, Lugli A. Loss of APAF-1 expression
is associated with tumour progression and adverse prognosis
in colorectal cancer. Eur J Cancer, 2007, 43(6):1101-1107.

[41] Strater J, Herter I, Merkel G, Hinz U, Weitz J, Moéller P.
Expression and prognostic significance of APAF-1, caspase-8
and caspase-9 in stage Il/lll colon carcinoma: caspase-8 and
caspase-9 is associated with poor prognosis. Int J Cancer,
2010, 127(4):873-880.

[42] Naguib A, Cooke JC, Happerfield L, Kerr L, Gay LJ, Luben RN,
Ball RY, Mitrou PN, McTaggart A, Arends MJ. Alterations in
PTEN and PIK3CA in colorectal cancers in the EPIC Norfolk
study: associations with clinicopathological and dietary factors.
BMC Cancer, 2011, 11:123.




1396 Zsuzsanna Pap et al.

[43] Waniczek D, Snietura M, Miynarczyk-Liszka J, Pigtowski W, [46] Pap Z, llyés A, Mocan S, Dénes L, Szanté A, Raduly G,

Kope¢ A, Lange D, Rudzki M, Arendt J. PTEN expression Pavai Z. Changes in the PTEN expression according to
profiles in colorectal adenocarcinoma and its precancerous hystological types of colon adenomas. Revista Romana de
lesions. Pol J Pathol, 2013, 64(1):15-20. Anatomie Functionala si Clinica, Macro- si Microscopica si
[44] Li XH, Zheng HC, Takahashi H, Masuda S, Yang XH, Takano Y. de Antropologie, 2014, XI11(2):165-170.
PTEN expression and mutation in colorectal carcinomas. [47] Maiques O, Santacana M, Valls J, Pallares J, Mirantes C,
Oncol Rep, 2009, 22(4):757-764. Gatius S, Garcia Dios DA, Amant F, Pedersen HC, Dolcet X,
[45] Colakoglu T, Yildirim S, Kayaselcuk F, Nursal TZ, Ezer A, Matias-Guiu X. Optimal protocol for PTEN immunostaining;
Noyan T, Karakayali H, Haberal M. Clinicopathological signi- role of analytical and preanalytical variables in PTEN staining
ficance of PTEN loss and the phosphoinositide 3-kinase/Akt in normal and neoplastic endometrial, breast, and prostatic
pathway in sporadic colorectal neoplasms: is PTEN loss pre- tissues. Hum Pathol, 2014, 45(3):522-532.

dictor of local recurrence? Am J Surg, 2008, 195(6):719-725.

Corresponding author
Lorand Dénes, Lecturer, MD, PhD, Department of Anatomy and Embryology, University of Medicine and Pharmacy of
Tirgu Mures, 38 Gheorghe Marinescu Street, 540141 Tirgu Mures, Romania; Phone +40265-215 551, e-mail:
deneslorand@gmail.com

Received: April 10, 2015

Accepted: December 30, 2015




