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Abstract
Introduction: Colon polyps and inflammatory process play the key role in
neoplasia of colorectal cancer. In recent years there have been many publications on the malignancy of hyperplastic polyp (HP) which according to
the WHO classification is a non-neoplastic polyp. The aim of this study is to
determine the expression of inflammatory proteins COX-2, IL-1β, TNF-α and
IL-4 in the epithelium of colorectal polyps.
Material and methods: In the study, 144 colorectal polyps were analyzed.
The groups of HP, classical (A) and serrated adenomas (SA) and normal
mucosa (control) according to histopathological studies were selected. Immunohistochemical examinations Rusing antibodies against COX-2, IL-1β,
TNF-α and IL-4 were performed. The expression of analyzed protein was
evaluated using modified Remmele-Stegner scale (0-16).
Results: Statistical analysis revealed higher expression of TNF-α (16 ±3.87
vs. 1 ±5.06), IL-1β (12 ±4 vs 8 ±2.72), COX-2 (9 ±2.54 vs. 8 ±3.14) and
IL-4 (12 ±3.45 vs. 4 ±3.35) in SA polyps compared to the control (p < 0.001).
The HP had an increased level of expression of TNF-α (12 ±3.72 vs. 1 ±5.06,
p < 0.005), COX-2 (8.5 ±1.97 vs. 8 ±3.14, p < 0.012) and IL-4 (12 ±3.46 vs.
4 ±3.35, p < 0.001). Significantly higher expression of IL-4 (12 ±2.32 vs.
4 ±3.35, p < 0.001) and IL-1β (16 ±4.32 vs. 8 ±2.72, p < 0.044) in A compared
to the control were observed.
Conclusions: Expression of inflammatory factors differed between polyps.
Inflammation accompanied the serrated structures which occur in polyps.
The inflammatory process affects the development of colorectal polyps. The
HP may predispose to malignancy.
Key words: inflammatory cytokines, polyps.

Introduction
Colorectal cancer usually originates in polyps [1]. Classification of polyps is based on the histological examination and clinical correlation. The
polyps can be neoplastic or non-neoplastic. The first group is formed as
a result of the increased proliferation of epithelial cells. In some lesions
dysplasia might develop, which may further lead to colorectal cancer
(CRC). However, up to the present day, many publication discuss the classification of neoplastic and non-neoplastic polyps. There are publications
and reports on new theories on the development and classification of
colorectal polyps. The aim of several studies is to determine the types of
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polyps which have the malignancy potential. This
is a very significant problem among pathologists,
oncologists and other clinicians [2, 3].
Non-neoplastic polyps are classified into hyperplastic (HP) and juvenile polyps. Neoplastic polyps
include various types of adenomas. According to
this division, HP is a non-neoplastic polyp, which is
also confirmed by the WHO definition [4]. However, in recent years, many studies have speculated
on the probability of HP malignant transformation
[5, 6]. This is an important clinical aspect which
may change the medical follow-up for of those
patients. The frequency of HP in the population is
variable. Some authors suggest that HP constitute
about 40% of all colon polyps, being second after
adenoma [7]. However, some studies revealed HP
as the dominant lesions [8, 9]. The latest studies
focus on morphologically recognized “serration”
in polyps.
Currently, the most appropriate division of serrated polyps is into dysplastic and non-dysplastic polyps. Non-dysplastic polyps include HP and
sessile serrated adenoma (SSA). The potentially
malignant group of polyps comprises adenomas,
which are divided into traditional adenomas and
serrated adenomas (SA), introduced by the WHO
in 2000. Dysplastic serrated polyps consist of traditional serrated adenoma and SSA with dysplasia
[10, 11]. Microscopically SA is a special type of adenoma, which combines the architectural features
of HP (“serration” inside the gland) and cytological features of the classic adenoma (presence of
dysplasia) [12]. The classification of polyps is still
developing, but there are a few facts which are unquestionable.
Many studies have revealed that polyps play an
important role in the development of CRC. About
90% of premalignant lesions of the colon are polyps or precursors of polyps [13]. An important role
contributing to the progression of polyps to CRC
might be played by the inflammatory process in
the microenvironment. In 1863 Virchow postulated a link between chronic inflammation and
cancer [14]. Since then, the effects of the inflammatory process on neoplasia development in endometrial, cervical, ovarian, breast, prostate and
colon cancer have been proven [15]. The microenvironment of tumors contains cells of the innate
immune system. These cells secrete proinflammatory cytokines, chemokines, growth factors,
and reactive oxygen species that could cause DNA
damage. Interestingly, the inflammatory process
affects all stages of tumor development, i.e. initiation, progression and metastasis [16, 17]. The
inflammatory process is reflected by a number of
cytokines and COX-2 [18]. The most frequently
described cytokines in such a context are interleukin 1β (IL-1β), IL-4 and tumor necrosis factor α

(TNF-α) [16]. Inflammatory cytokines are activated in a “cascade” mode. Tumor necrosis factor α
begins a whole process of inflammation [19]. In
classical conditions, it is produced by monocytes
and macrophages under the influence of bacterial
endotoxin [20]. Tumor necrosis factor α activates
the monocytes and neutrophils. This factor also
has cytotoxic activity against tumor cells. It also
increases the release of a number of cytokines including IL-1β and IL-6. Another important cytokine
is IL-4. It is secreted by activated T-cells and is associated with CRC progression [21, 22].
Another well-known factor taking part in the inflammatory process is the enzyme prostaglandin
synthetase, known as COX-2. It is the target for
non-steroidal anti-inflammatory drugs (NSAIDs).
In addition, researchers have demonstrated that
NSAIDs reduce the risk of developing CRC [23, 24].
Expression of COX-2 is regulated by IL-1β [25]. Interleukin 1β is a pro-inflammatory cytokine produced by activated macrophages. This interleukin
affects the activity of cells including cell proliferation, differentiation and apoptosis.
However, despite the fact that many studies
have been published on this issue, it still remains
an open question as to whether the type of polyp has an impact on the occurrence and intensity
of the inflammatory process or vice versa. In our
study, we tried to find the answers to some these
questions. The aim of our study was to determine
the expression of pro-inflammatory cytokines in
the most common colon polyps.

Material and methods
The study included 4,500 patients aged between 25 and 82. From those patients, 694 polyps of the colon were removed. All the material
was fixed in 10% buffered formalin and processed
according to the standard protocol. Next paraffin
blocks were prepared. The inclusion criteria for
material used in this study were the clear-cut diagnosis of mucosal changes that fit the classification
criteria and the presence of sufficient material for
further work. Subsequently, two independent pathologists accomplished re-verification of slides,
after which 144 polyps were selected. For further
studies, samples of large bowel lesions were divided into 4 subgroups: adenomas (A, 45 cases, average age 63), serrated adenomas (SA, 41 cases, average age 60.5), hyperplastic polyps (HP, 18 cases,
average age 58) and normal mucosa as a control
group (40 cases). After the preliminary evaluation of hematoxylin and eosin slides, the material was selected for immunohistochemical studies. We used primary antibodies against COX-2
(ab16701, Abcam, rabbit monoclonal, 1 : 100),
IL-1β (ab8320, Abcam, mouse monoclonal, 1 : 50),
TNF-α (nbp1-19532, Novus Biologicals, rabbit
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polyclonal, 1 : 100), IL-4 (ab9622, Abcam, rabbit
polyclonal, 1 : 200) and for detection the EnVision
system (DAKO). Antigen expression evaluation in
epithelium of selected lesions was carried out using a modified Remmele-Stegner scale according
to the intensity of expression and the number of
cells/tissue area positively stained (with range
from 1 – lowest expression to 16 – highest expression). Analysis was conducted at 20× original
objective magnification for each studied antibody
on 3 representative and randomly selected areas.

Statistical analysis
The statistical analysis was performed using
Statistica 10.0. Normal distribution was checked
using the Kolmogorov-Smirnov and Shapiro-Wilk
test. As the distribution of the results differed
from the normal distribution, statistical analysis
was performed using nonparametric tests. The
results were analyzed statistically using the nonparametric Kruskal-Wallis test at the 0.05 level of
significance.

Results
COX-2 levels in epithelial cells
Statistical analysis demonstrated significantly
higher levels of COX-2 in the group of HP patients
and in the group of SA patients in comparison to
the control group (Figure 1, Table I). No differences
18
16
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were observed regarding COX-2 level between the
group of patients with adenoma and normal cells.
Furthermore, in the group of patients with SA the
level of COX-2 was significantly higher than in the
group of patients with A. The detailed results of all
groups are summarized in Table II.

Cytokine IL-1β levels in epithelial cells
The level of IL-1β in epithelial cells of patients
with A and SA was significantly higher than that
of the controls (Figure 2, Table III). In addition, no
differences were observed regarding IL-1β levels
with respect to HP and normal cells. We also observed a significantly increased level in patients
with SA compared to patients with A and patients
with HP. No difference was observed between
A and HP.

TNF-α levels in epithelial cells
The group of HP and SA patients exhibited an
increased level of TNF-α compared to normal cells
(Figure 3, Table IV). In addition, no difference was
observed between A and the control group. Also
the group of SA patients exhibited an increased
level of TNF-α compared to A, with statistical significance.

Cytokine IL-4 levels in epithelial cells
Statistical analysis showed a significantly increased level of IL-4 in the group of A, SA and HP
patients compared to the control group (Figure 4,
Table V). Moreover, the group of HP patients exhibited an increased level of IL-4 in comparison to
A but without statistical significance.
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Figure 1. Average expression of COX-2 for each
group of cases

Adenomas have the most significant role in the
development of colorectal cancer. Carcinogenesis
occurs through two known pathways. One way
is “classical”, through the adenoma. But the alternative pathway occurs through the serrated
adenoma. Many studies have revealed that the
inflammatory process and genetic mutations play
a significant role in the process of CRC carcinogenesis. These processes probably occur already
in the epithelium of adenomas. In our study, we

Table I. Summarized statistical significance of COX-2 for the studied groups
Normal mucosa

Adenoma

Hyperplastic polyp

Serrated adenoma

–

NS

0.011779

0.000000

NS

–

NS

0.000002

Hyperplastic polyp

0.011779

NS

–

NS

Serrated adenoma

0.000000

0.000002

NS

–

Normal mucosa
Adenoma

NS – not significant.
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Table II. Summarized averages, medians and standard deviations

COX-2

IL-1β

TNF-α

IL-4

Group

Average

Median

Standard deviation

Normal mucosa

5.92

8.0

3.14

Adenoma

7.9

8.0

4.28

Hyperplastic polyp

9.5

8.5

1.97

Serrated adenoma

9.76

9.0

2.54

Normal mucosa

9.33

8.0

2.72

Adenoma

12.38

16.0

4.32

Hyperplastic polyp

13.67

16.0

3.5

Serrated adenoma

12.2

12.0

4.0

Normal mucosa

3.0

1.0

5.06

Adenoma

6.49

4.0

6.23

Hyperplastic polyp

12.44

12.0

3.72

Serrated adenoma

13.29

16.0

3.87

Normal mucosa

4.61

4.0

3.35

Adenoma

10.65

12.0

2.32

Hyperplastic polyp

12.0

12.0

3.46

Serrated adenoma

12.17

12.0

3.45

assessed the expression of pro-inflammatory factors. They are a representative group taking part
in inflammation. We determined the expression
of COX-2, IL-1β, IL-4 and TNF-α respectively in
the epithelia of A, SA, HP and control groups. Our
study also included hyperplastic polyps, although
at present there is a lot of confusion and controversy regarding their tendency to malignant transformation and potential to be the origin for CRC.
Our studies have shown elevated levels of
COX-2 in hyperplastic polyps and SA. Many
studies confirm and explain the reduction of
occurrence of CRC in patients taking NSAIDs.
Furthermore, the presence of COX-2 in both hyperplastic polyps and SA may be associated with
the presence of serrated structures in polyps.
And the COX-2 expression was not elevated in
classical adenoma (so called non-serrated morphology). The effectiveness of NSAIDs is clearly combined with the increased expression of

COX-2 in SA and HP. Comparing our study and
many other studies we can conclude that the
large-scale use of NSAIDs reduces the incidence
18
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Figure 2. Average expression of IL-1β for each
group of cases

Table III. Summarized statistical significance of IL-1β for the studied groups
Normal mucosa

Adenoma

Hyperplastic polyp

Serrated adenoma

–

0.044136

NS

0.000000

0.044136

–

NS

0.006475

Hyperplastic polyp

NS

NS

–

0.014378

Serrated adenoma

0.000000

0.006475

0.014378

–

Normal mucosa
Adenoma

NS – not significant.
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Figure 4. Average expression of IL-4 for each group
of cases

Table IV. Summarized statistical significance of TNF-α for the studied groups
Normal mucosa

Adenoma

Hyperplastic polyp

Serrated adenoma

–

NS

0.004956

0.000001

NS

–

NS

0.000020

Hyperplastic polyp

0.004956

NS

–

NS

Serrated adenoma

0.000001

0.000020

NS

–

Normal mucosa
Adenoma

NS – not significant.

Table V. Summarized statistical significance of IL-4 for the studied groups
Normal mucosa

Adenoma

Hyperplastic polyp

Serrated adenoma

–

0.000003

0.000044

0.000000

Adenoma

0.000003

–

NS

NS

Hyperplastic polyp

0.000044

NS

–

NS

Serrated adenoma

0.000000

NS

NS

–

Normal mucosa

NS – not significant.

of CRC [26]. Therefore the conclusion is that the
spectacular effect of these drugs should solve the
problem in patients with the risk of developing
CRC on the base of SA or perhaps HP. However,
the question is whether the beneficial effects of
these drugs outweigh the side effects that might
occur after the long-term of use NSAIDs. The
main side effect of the use of NSAIDs, which is
also the most frequently occurring and the most
dangerous, is gastrointestinal bleeding of various types [27, 28]. This side effect unambiguously excludes the use of NSAIDs as a preventive
method in patients with polyps because there is
a potentially greater risk of complications to the
patient than its benefits. In addition, our studies
do not confirm the results of some other publications. Kawasaki et al. reported higher expression
of COX-2 in adenomas compared to traditional
serrated adenomas [29]. Asting et al. observed
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higher expression of prostaglandin synthetase
in CRC cells [30]. The difference is the result of
different populations being studied. This may be
related to race, age, lifestyle, comorbidities and
other environmental factors. The effect may even
have a genetic basis [31].
MaihÖfner et al. observed the first elevated expression of IL-1β in CRC cells compared to the control group [32]. They also observed increased expression of COX-2 in CRC, which would explain the
previously described correlation between these
two inflammatory factors. Our studies showed
that increased expression of IL-1β occurred in adenoma and SA. Hyperplastic polyps did not show
an increase in the level of this cytokine. However,
our results do not confirm the relation between
COX-2 and IL-1β. This relation appeared only in
serrated adenoma. Both COX-2 and IL-1β were
elevated in SA.
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Another important pro-inflammatory factor is
TNF-α. This factor is also known as cachectin because it is associated with the formation of cachexia in patients with advanced cancer. Which
is confirmed by research Gabriel et al. showing
an increased expression of TNF-α in patients
with poor diagnosis of CRC [28]. Elevated levels
of TNF-α in CRC cells is often represented in numerous publications, but there is no reference in
relation to the polyps. Our studies have shown
elevated levels of TNF-α in the HP and the SA in
comparison with the control group. In adenoma
the level of TNF-α was not elevated. Our research
shows that the previously described correlation
between IL-1β and TNF-α occurred only in the
case of SA. The presence of TNF-α in the polyps
may be associated with a worse prognosis and
with faster progression to CRC. But the presence
of TNF-α in polyps may also be useful in reducing
the risk of developing CRC, using the recently very
popular drugs against TNF-α.
Another important cytokine is IL-4. This interleukin has an impact on inflammation and is associated with CRC progression. Galon et al. observed
a significantly higher level of expression of IL-4
in cancer as compared to normal cells [19]. Kanai
et al. observed increased levels of IL-4, resulting in
lower levels of E-cadherin and CEA. This process
leads to the inhibition of colon cancer cell-cell adhesion. They also found that IL-4 has no effect on
the proliferation of CRC. Kanai et al. (also in further
but not published studies) found an increased risk
of liver metastases in patients with colon cancer
with dominant Th2 cytokine production, among
others IL-4 [29]. In our study we observed that the
level of expression of IL-4 was increased in adenoma, SA and HP compared to normal tissue. High
expression of IL-4 is found in all types of polyps.
Additionally, higher expression of the inflammatory agent again appeared in SA compared to adenoma. Increased levels of IL-4 in all polyps may
be associated with progression of polyps to CRC
development. This would suggest once again the
malignant nature of HP. Alternatively, increased
levels of IL-4 in polyps may be associated with inhibition of the cell-cell adhesion in polyps. Finally,
IL-4 participates in the development of colorectal
cancer. It was confirmed by the presence of IL-4
in both premalignant lesions and CRC. In further
studies, consideration should be given to the role
of this cytokine in CRC neoplasia.
In conclusion, our study leads to the conclusion
that the inflammatory process is not the same in
all polyps of the colon. Its intensity depends on the
type of polyp. The highest increase in the expression of all inflammatory factors was observed in SA.
In hyperplastic polyps we observed increased levels of COX-2, TNF-α, and IL-4. These results sug-

gest that it is associated with serrated structures
that occur in these polyps. Thus, it may be assumed that the levels of inflammatory identified
are associated with malignant transformation of
polyps. Then we observed elevated levels of COX-2
in HP and SA, which explains the action of NSAIDs
in the reduction of the risk of CRC. The adenoma
showed higher expression of IL-1β and IL-4. However, IL-4 was specific, since its level was elevated
in all polyps compared to the control. As previously mentioned, about 90% of premalignant lesions
of the colon are in the form of polyps. Therefore
based on our results the inflammatory process
affects the development and progression of CRC;
and therefore the precursor polyps based on our
results are affected by the inflammatory process
and might progress to CRC.
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