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ABSTRACT

Introduction: the participation of Cyclooxygenase-2 (COX-2) and Osteopontin has
been postulated in the development of colon cancer, which play an important role in
the progression and could be biomarkers for its prognosis, but their role remains
controversial.

Objective: to determine and to compare the expression of Osteopontin and COX-2
in non-tumor colonic mucosa, colonic adenomas and colon adenocarcinoma, in
relation to the cell proliferation index.

Methods: the immunohistochemical expression of COX-2, Osteopontin and Ki-67
in formalin fixed paraffin embedded tissue of non-tumor colonic mucosa, colonic
adenomas and colon adenocarcinoma were determined and compared.

Results: were included 65 cases: 19 of non-tumor colonic mucosa, 13 colonic
adenomas and 33 colon adenocarcinomas. There was increased expression of Ki-67
in dysplastic and tumor cells. There was positive expression for COX-2 in adenomas
(30.7%) and adenocarcinomas (27.3%), without significant difference between non-
tumor colonic mucosa, adenomas and adenocarcinoma (p = 0.888). Osteopontin
showed more frequent positivity in adenocarcinomas (72.7%) and adenomas
(84.6%) than in non-tumor mucosa (10.5%), (p = <0.0001), without significant
differences in its expression between subtypes and grades of adenoma dysplasia, nor
between grades of differentiation, extension and proliferation of adenocarcinomas.
There was a significant association between Osteopontin expression and the cell
proliferation index. No association was observed between the expression of COX-2
and Osteopontin (p = 0.96).

Conclusions: Osteopontin overexpression in colon adenocarcinoma and adenomas
in comparison with non-tumor colonic mucosa, and its significant relationship with
the cell proliferation index, constitutes additional evidence of its possible
participation in the colonic carcinogenesis process.
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Expression of Osteopontin and Cyclooxygenase-2 in relation to cellular proliferation, in non-tumor colonic mucosa, colonic adenomas and colon
adenocarcinoma

RESUMEN

Introduccion: se ha postulado la participacion de Ciclooxigenasa-2 (COX-2) y
Osteopontina en el desarrollo del cancer de colon, las cuales juegan un papel
importante en la progresion tumoral y podrian ser biomarcadores de pronéstico, pero
su papel sigue siendo controvertido.

Objetivo: determinar y comparar la expresién de Osteopontina y COX-2 en mucosa
colénica no tumoral, adenomas col6nicos y adenocarcinoma de colon, en relacion
con el indice de proliferacion celular.

Meétodos: se determind y compard la expresion inmunohistoquimica de COX-2,
Osteopontina y Ki-67 en tejido incluido en parafina de mucosa col6nica no-tumoral,
adenomas colonicos y adenocarcinomas de colon.

Resultados: se estudiaron 65 casos: 19 mucosas colonicas no-tumorales, 13
adenomas y 33 adenocarcinomas. Hubo sobreexpresion de Ki-67 en células
displasicas y tumorales. Se encontrd expresion positiva para COX-2 en adenomas
(30.7%) y adenocarcinomas (27.3%), sin diferencia significativa entre mucosa
coldnica no-tumoral, adenomas y adenocarcinomas (p=0.888). Osteopontina mostro
positividad més frecuente en adenocarcinomas (72.7%) y adenomas (84.6%) que en
mucosa no-tumoral (10.5%), (p=<0.0001); sin diferencias significativas entre
subtipos y grados de displasia de adenomas, ni entre grados de diferenciacion,
extensién y proliferacién de adenocarcinomas. Hubo asociacién significativa entre
expresion de Osteopontina y el indice de proliferacion celular. No se observo
asociacion entre la expresion de COX-2 y de Osteopontina (p=0.96).

Conclusiones: la sobreexpresion de Osteopontina en adenocarcinoma de colon y
adenomas en comparacion con la mucosa colénica no-tumoral, y su relacion
significativa con el grado de proliferacion celular, constituye evidencia adicional de
su posible participacion en el proceso de la carcinogénesis colo6nica.

Palabras Clave: Cancer colorrectal; Osteopontina; Ciclooxigenasa-2.
INTRODUCTION carcinoma is caused by mutations in oncogenes,
tumor suppressor genes, and DNA repair genes (5-

Colon cancer is one of the most common 7); depending on the origin of the mutation, it is

malignancies worldwide, in 2018, with an age-
standardized rate of 11.1 per 100,000 person-years,
ranked fourth in the estimated cancer incidence rates;
being the fourth more frequently presented in women
and the sixth in men, also worldwide (1). The
prognosis of colon cancer is related to the
pathological stage at diagnosis, with 5-year survival
ranging from 74% for stage | to 5.7% for stage IV

).

The vast majority of colon cancers correspond to
adenocarcinomas, of which a high percentage
develops sporadically, while the rest originates in
subjects to known family history (3, 4). Colon

classified as sporadic (70%); hereditary (5%), or
familial (25%) (5). The colorectal mucosa gives rise
to an adenocarcinoma following a progressive
sequence of healthy mucosa-adenoma-carcinoma (6,
8). Genomic changes include the activation of proto-
oncogenes (K-Ras) that occur in 30% to 40% of cases
(7), and the inactivation of at least three tumor
suppressor genes: loss of APC (chromosome region
5g21), loss of p53 (chromosome region 17p13), and
loss of heterozygosity for the long arm of
chromosome 18 (18q LOH). Mutations involving
other genes, such as TGFBR and PIK3CA, that are
required for the adenoma-carcinoma sequence model
have been described; APC is the most commonly
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mutated initial gene in familial/hereditary and
sporadic colon cancer (6).

In the prevention of colon cancer, one of the most
discussed points has been the possible reduction of
cases in patients who use chronic nonsteroidal anti-
inflammatory drugs (NSAIDs), they exert their
effect by intervening in the conversion of
arachidonic acid into prostaglandins by inhibiting
the isoforms of cyclooxygenases (COX1 and
COX2). Increased expression of these enzymes has
been shown as the dysplasia-adenoma-carcinoma
sequence advances, which has been reported as
evidence of their involvement in the development of
this disease (9-11). Another protein that plays an
important role in the progression of cancer, and is
considered as a possible biomarker for its prognosis
IS Osteopontin, an integrin-binding
glycosphoprotein encoded by the SPP1 gene (12-
14), which is highly expressed in colon cancer cells
or tissues compared to intestinal epithelial cell lines
and benign colonic tissues (15). It has been described
that the increased expression of Osteopontin through
some signaling pathways leads to overexpression of
COX-2 and production of prostaglandins E2 (PGE2)
by tumor macrophages in melanoma (16) and to
production  and  activation of  matrix-2
metalloproteinase (MMP-2) in high-grade prostate
cancer, which leads to angiogenesis and regulates
tumor progression (17).

To evaluate whether there is a relationship between
the expression of these proteins and the tissue that
represents the steps in the development of colon
cancer, the objective of this study was to determine
the expression of Osteopontin and COX-2 in
samples of nontumor colonic mucosa, colonic
adenomas, and colon adenocarcinoma, and compare
them with the cell proliferation observed in each of
them, allowing to explore this possible molecular
alternative in the study of this pathology.

METHODS
A descriptive study was conducted at the Faculty of

Medicine of the University of Cartagena and the
Universitary Hospital of the Caribbean, in
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Cartagena, Colombia. The study was approved by
the Ethics Committees of the participating
institutions. The database of the Pathology
Laboratory of the University Hospital of the
Caribbean was reviewed, from which were selected
cases with diagnoses of: healthy colorectal mucosa,
adenoma, and colon adenocarcinoma studied during
a period of six months, with formalin fixed paraffin-
embedded (FFPE) tissues. Two pathologists
evaluated the histological slides stained with
Haematoxilin-Eosin to select representative tissue
samples from each of the categories to be studied,
and assign each sample within one of the following
three groups: healthy colonic mucosa, adenoma, and
colon adenocarcinoma. The clinical-pathological
information of the cases was obtained including:
age, sex, type of adenoma and grade of dysplasia,
and, differentiation and extent of adenocarcinoma
cases. Subsequently, the expression of the COX2
and Osteopontin proteins and the Ki67 cell
proliferation marker were determined in the samples
included in the study, using immunohistochemical
assays, the results of which were evaluated and
compared between the established groups.

Immunohistochemistry assays and analysis

Three new sections were made to each of the
selected FFPE tissue blocks, which were subjected
to immunohistochemistry tests with each of the
markers under study. The assays were performed in
the Laboratory of Histotechnology of the faculty of
Medicine of the University of Cartagena, under the
routine  protocol,  briefly:  sections  were
deparaffinized in xylol and dehydrated in alcohol,
subjected to antigen recovery in 10 mM citrate
buffer at 90°C, subsequently covered with
Hydroxygen Peroxide Block, and Ultra V Block,
then 100 ul of each of the primary antibodies were
added to each section: COX2: Clone SP21 rabbit
monoclonal  antibody, (Thermo  Scientific®,
Whaltam, MA, U.S.A)); Osteopontin: rabbit
polyclonal antibody, (Thermo Scientific®, Whaltam,
MA, U.S.A.) and incubated for 30 minutes at room
temperature; while the primary antibody Ki67:
rabbit monoclonal antibody, (Thermo Scientific ®,
Whaltam, MA, U.S.A.), was incubated overnight at
4°C. Subsequently, the sections were incubated for
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30 minutes at room temperature with the secondary
antibody UltraVision ONE HRP Polymer (Thermo
Scientific®, Whaltam, MA, U.S.A); the
visualization of the reaction was carried out using
DAB Plus Chromogen, (Thermo Scientific®,
Whaltam, MA, U.S.A.)), and the sections were
contrasted with hematoxylin; for all the assays the
commercial kit Ultravision ONE Detection System,
HRP Polymer & DAB Plus Chromogen, (Thermo
Scientific ®, Whaltam, MA, U.S.A.) was used.

The evaluation of immunohistochemistry was
performed blindly by two pathologists who analyzed
the percentage of positive cells for each of the
markers, as well as the staining intensity in relation
to the cell types and their location in the tissue,
according to the parameters established for each one
of them. The analysis was carried out at a final
magnification of 100X and 400X using an Eclipse
microscope 400® connected to a DSFil® camera
(Nikon, Japan), and the intensity of the staining was
measured using the NIS-Elements-3.0® program
(Nikon, Japan).

For the immunohistochemical analysis of COX-2,
the point scale proposed by Soslow was applied,
according to which, depending on the percentage of
positive cells, it was classified on a quantitative
percentage scale of 0-4 (11), and depending on the
intensity of the stain on a quantitative intensity scale
of 0-3 (11). Both scales converge in the German
InmunoReactive Score, according to which, the
result of the quantitative scales of percentage and
intensity of expression was multiplied to classify in
a scale of 0-12 points, in addittion, the expression by
location was documented using a scale proposed by
Wasilewicz (18) of 1-3 (12). The Osteopontin
expression was considered positive when there was
an evident yellowish-brown staining at the
cytoplasmic level in more than >10% of the
evaluated cells (19). The evaluation of the
immunohistochemical staining for Ki-67 was
performed based on the method of Petrisor et al (20)
according to which the microscopic field was
divided into four quadrants by imaginary lines, in
each quadrant a random count of one hundred cells
was made, from which the percentage of positive
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cells was obtained and an average representing the
score of cell proliferation was obtained (14). The cell
proliferation index was considered high when it was
50%, medium if it was between 20% - < 50%, and
low when it was < 20%.

Statistical Analysis

The data were recorded in a Microsoft Excel®
database (Microsoft, Redmond, WA, U.S.A.). The
associations between the expression of COX2,
Osteopontin and Ki67 were determined between the
groups of tissues with healthy colonic mucosa,
adenoma, and colon adenocarcinoma, and in relation
to the clinical-pathological variables, by performing
Chi square tests, Student t test and ANOVA test,
depending on the type of variable and the groups
compared. For all analyses, GraphPad Prism® v 8.0
software (San Diego, CA, U.S.A.) was used, a value
of p <0.05 was considered statistically significant.

RESULTS

A total of 65 cases with colonic tissue samples were
included, 19 of them corresponding to non-tumor
colonic mucosa, 13 cases of adenomas and 33 cases
of infiltrating adenocarcinoma. Among the cases of
non-tumor colonic mucosa, 9 (47.3%) corresponded
to colonic mucosa neighboring an adenocarcinoma.
The cases of colonic adenoma corresponded to
patients with mean age of 70.15 years (SD=+12.79),
13 women (76.9%) and 3 men (23.1%). They
included: 6 tubular adenomas, four of them with
mild dysplasia, one with moderate dysplasia and one
with severe dysplasia, and 7 tubular-villous
adenomas of which 1 had mild dysplasia, 3 had
moderate dysplasia and 3 had severe dysplasia.

In the group of adenocarcinoma cases, the mean age
of the patients was 56.5 years (SD= £ 14.73), 13
(39.4%) were female and 20 (60.6%) were male.
They included 12 (36.3%) well-differentiated
adenocarcinomas, 16  (48.5%)  moderately
differentiated adenocarcinomas, and 5 (15.2%)
poorly differentiated adenocarcinomas. As for the
extent of the tumor, all cases of adenocarcinoma had
infiltration beyond the submucosa, limited to the
muscle layer in 3 (9%) cases, with involvement up
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to the serosa in 7 (21.3%) cases, with extension to
the pericolonic tissue in 15 (45.5%) cases, and, with
pericolonic lymph node involvement in 8 (24.2%)
cases.

The cell proliferation index with the Ki-67 antibody
was significantly higher in cases of adenoma and
adenocarcinoma than in the non-tumor colonic
mucosa; a high percentage was found in tumor cells
and dysplastic cells compared to normal crypts,
where it was increased only at the base level. A cell
proliferation index greater than 50% was found in
41.9% (n=13) of adenocarcinoma cases, with a
statistically  significant  difference  (<0.0001)
between the different tissue types studied (Table 1),
(Figure 1). In two cases of adenocarcinoma, it was
not possible to evaluate the cell proliferation index,
due to the depletion of tumor tissue in the new
sections.

Positive staining for COX-2 was cytoplasmic and
granular. In all cases of non-tumor colonic mucosa,
some grade of positivity to the expression of COX-2
was found in epithelial cells, being mild and focal in
most of them, and intense in only 3 (15.7%) cases;
in addition, occasional mild expression of COX-2
was observed in inflammatory and stromal cells
adjacent to the epithelium. No greater expression of
COX-2 was found in the healthy peritumoral
mucosa, compared to the healthy non-peritumoral
mucosa.

In cases of adenoma and adenocarcinoma, positive
expression for COX-2 was observed in 30.7% and
27.3%, respectively, being intense and positive in
more than 75% of the cells in 8 (24.2%) cases of
adenocarcinoma, and in 4 (30.7%) cases of
adenoma, compared with only two cases of non-
tumor mucosa with this same pattern of COX-2
expression (Figure 2). The expression of COX2 was
localized at the level of epithelial and tumor cells in
all cases of adenoma and adenocarcinoma,
respectively, being also expressed at the stromal
level in one of the cases of adenocarcinoma.

In several adenocarcinoma cases, a marked contrast
was observed between the intensely positive
expression of COX-2 in tumor cells, compared to the
absent or weak expression in the neighboring non-
tumor mucosa. (Figure 2). However, no significant
difference was found in the immunohistochemical
expression of COX-2 between non-tumor colonic
mucosa, adenomas and colonic adenocarcinomas
(p=0.888, ANOVA), nor, between the subtypes and
grades of dysplasia of the adenomas, or between the
different grades of differentiation and extent of
adenocarcinoma cases (Table 2). Although a high
cell proliferation index was found in all cases of
adenocarcinoma with strong expression of COX-2,
there was no significant difference in the level of
expression of COX-2 between tumors with different
grades of cell proliferation (p= 0.73, t-test), (Table
2).

Table 1. Cell proliferation index by tissue type

Cell proliferation

Non-tumor colonic

Adenoma Adenocarcinoma

index mucosa n (%) n (%) P Value
n (%)

High: >50% 0 (0%) 3(23.1%) 13 (41.9%)

Medium: >20% - < 1(5.3%) 9 (69.2%) 18 (58.1%) <0.0001*

50%

Low: >20% 18 (94.7%) 1(7.7%) 0 (0%)

Total 19 13 31

* Chi square test

Revista Ciencias Biomédicas Vol. 10 Num. 1, (2021)
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Figure 1. A, B: Histological slices of well-differentiated adenocarcinomas with nuclear positivity for Ki-67 (brown staining,
arrows)) (IHQ, Ki-67 antibody, 40X). C. Cell proliferation index in different tissue types (ANOVA).
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Figure 2. A. Tubulo-villous adenoma, positive for COX-2 at epithelial level (arrows). B. Well-differentiated adenocarcinoma,
positive for COX-2, (arrows). C. Positive staining for COX-2 in tumor cells (arrows) compared to negative staining in
neighboring non-tumor colonic mucosa (arrowheads), (IHQ, COX-2 antibody, 40X).
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Osteopontin showed a cytoplasmic staining pattern,
being its positivity more frequent in cases of
adenocarcinoma (72.7%) and adenomas (84.6%) than
in cases of non-tumor mucosa (10.5%), with a
significant association between its expression and the
type of tissue (p=<0.0001, Chi square), (Table 3);
(Figure 3). No significant differences were found in
the expression of Osteopontin between the subtypes
and grades of dysplasia of the adenomas, nor between
the grades of differentiation, extension and

proliferation of cases of adenocarcinoma, (Table 3).
However, there was a significant association between
the expression of Osteopontin and the cell
proliferation index for all types of tissues (Table 4). In
two of the Osteopontin-positive adenocarcinoma
cases, it was not possible to evaluate the cell
proliferation index due to tissue depletion. No
significant association was found between COX-2

expression and Osteopontin expression (Table 5).

Table 2. COX-2 expression in hon-tumor colonic mucosa, adenomas and colon adenocarcinomas

COX-2 expression

n (%) Media (xDE) p Value
Non-tumor mucosa 19 (29.2%) 6.73 (£ 2.6)
Adenoma 13 (20%) 7.31 (x3.8) 0.888*
Adenocarcinoma 33 (50.7%) 6.97 (£3.3)
Adenomas, subtype
Tubular 6 (46.2%) 55(x2.6) 0.116"
Tubulo villous 7 (53.8%) 8.8(x4.1)
Adenomas, grade of dysplasia
Mild dysplasia 5 (38.4%) 7(x4)
Moderate dysplasia 4 (30.8%) 5(x2) 0.179*
Severe dysplasia 4 (30.8%) 10 (£ 4)
Adenocarcinomas, differentiation
Well differentiated 12 (36.4%) 6.66 (+ 3.6)
Moderately differentiated 16 (48.5%) 7.62 (£ 3.6) 0.479*
Poorly differentiated 5 (15.1%) 5.6 (x0.8)
Adenocarcinomas, extension
Outer muscular layer 3(9.1%) 466 1.1)
Serosa 7 (21.3%) 7.42 (£ 3.5) 0.649*
Pericolonic tissue 15 (45.41%) 7.93 (£3.7)
Neighboring lymph nodes 8 (24.2%) 75(x29)
Adenocarcinomas, cellular
proliferation index
High (> 50%) 13 (41.9%) 6.84 (+ 3.1) 0.735"
Low (< 50%) 18 (58.1%) 7.27 (£ 3.7)

* ANOVA, T t Test.

Revista Ciencias Biomédicas Vol. 10 Num. 1, (2021)
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Table 3. Osteopontin expression in non-tumor colonic mucosa, adenomas and colon adenocarcinomas

Osteopontin expression

n (%) p Value
Positive Negative
Non-tumor mucosa 2 (10.5%) 17 (89.5%)
Adenoma 11 (84.6%) 2 (15.4%) <0.0001*
Adenocarcinoma 24 (72.3%) 9 (27.7%)
Adenomas, subtype
Tubular 5 (83.3%) 1(16.7 %) >0.99997
Tubulo-villous 6 (85.7%) 1 (14.3%)
Adenomas, degree of dysplasia
Low dysplasia 4 (80 %) 1 (20 %) >0.99991
Moderate/ severe dysplasia 7 (87.5%) 1 (12.5%)
Adenocarcinomas, differentiation
Well differentiated 7 (58.3%) 5 (41.7%)
Moderately differentiated 14 (87.5%) 2(12.5%) 0.1807*
Poorly differentiated 3 (60 %) 2 (40 %)
Adenocarcinomas, extension
Muscular layer / serosa 9 (81.8%) 2 (18.2%)
Pericolonic tissue 10 (66.6%) 5 (33.4%) 0.5971*
Neighboring lymph nodes 5 (62.5%) 3 (37.5%)
Adenocarcinomas, cellular proliferation
index
High (= 50%) 12 (92.2%) 1 (7.8%)
Low (< 50%) 10 (55.6%) 8(44.4%) 0.0448"

*Chi square, T Fisher test

Table 4. Immunohistochemical expression of Osteopontin in relation to cell proliferation index in all types of

tissues studied

Osteopontin expression

Cellular proliferation index n (%) p Value
Positive Negative

High: greater than or equal to 50% 14 (38.8%) 2 (6.9%)

Medium:: >20 — less than a 50% 20 (55.5 %) 10(34.5%) <0.0001*

Low: less than 20% 2 (5.5 %) 17(58.6%)

Total 36 29

* Chi square test
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Figure 3. A. Non-tumor colonic mucosa, negative for Osteopontin. B. Tubulo-villous adenoma, positive for Osteopontin at
epithelial level, (arrows). C. Well-differentiated adenocarcinoma, positive for Osteopontin, (arrows), (IHQ, Osteopontin
antibody, 40X). D. Osteopontin expression in different tissue types (Chi square).

Table 5. Immunohistochemical expression of Osteopontin in relation to COX-2 expression
Osteopontin expression

COX-2 Expression n(%o) p Value
Positive Negative

Strong 9(24.3 %) 7 (25%)

Moderate 19 (51.4 %) 15(53.6%) 0.96*

Weak 9(24.3%) 6 (21.4%)

Total 36 28

* Chi square test

Revista Ciencias Biomédicas Vol. 10 Num. 1, (2021)
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DISCUSSION

Non-tumor colonic mucosa tissues, adenomas and
colon adenocarcinomas were analyzed to evaluate
the expression of the COX2 and Osteopontin
biomarkers in relation to proliferative activity using
Ki-67, a monoclonal antibody directed at a nuclear
antigen expressed in proliferating cells (21). As
described by several studies, a high cell proliferation
index was found in all cases of colon
adenocarcinoma (20, 22-24); while in the adenomas
the distribution pattern for Ki-67 showed expression
beyond the crypt bases, similar to previously
reported by Torlakovic et. al. (25)

Cyclooxygenase or prostaglandin synthase, has two
isoenzymes, COX-1 is the constitutive isoform
normally present in the organs, and COX-2 is
induced in a limited number of organs, by cytokines,
growth factors, hormones and carcinogens. It has
been stated that the expression of COX-1 in colon
cancer does not differ from its expression in non-
tumor colonic mucosa, while the expression of
COX-2 is significantly higher in this neoplasm (9,
10, 26, 27). However, these findings are
controversial, while some studies suggest a
relationship between COX-2 expression and colon
cancer (28), others find no evidence of such a
relationship (29, 30), which is consistent with the
findings of this study in which no significant
difference was found between its expression and the
type of colonic tissue studied (non-tumor colonic
mucosa, adenomas, and colon adenocarcinoma).

COX-2 expression was found in healthy colonic
mucosa, with weak positivity for this marker in a
high percentage of non-tumor epithelium samples
not associated with neighboring tumor lesion, but
was often associated with acute and chronic
inflammatory infiltrate in the surrounding lamina
propria, so that mild expression of the enzyme in the
non-tumor mucosa could be attributed to the
inflammatory component present in those tissues,
according to the established relationship between
increased expression of COX-2 and inflammatory
processes (31). Mild positivity to COX-2 was also
detected in most of the samples of peritumoral tissue
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studied, without it being greater than that found in
the healthy non-peritumoral mucosa, unlike that
described by Soslow et. al., who found a higher
expression of COX-2 in the tissue neighboring the
tumor and suggested a paracrine-type field effect,
raising the possibility of an increased risk of
developing further neoplasms in these tissues. This,
possibly originating in the effect of prostaglandins
produced by COX-2-positive tumor cells, as positive
modulators of the interaction between transformed
cells and the activation of stromal elements,
necessary for tumor growth and invasion capacity
(112).

There was no association between the expression of
COX-2 and the cell proliferation index, a similar
finding to that described by Sakuma et. al., who
compared COX-2 and Ki67 in human colon cancer
without finding a correlation in their expression,
suggesting that the enzyme has no effect on cell
proliferation and that despite playing an important
role in carcinogenesis, its effects on tumor growth
are unclear (26).

On the other hand, Osteopontin plays an important
role in tissue homeostasis, with diverse biological
functions such as regulation of the immune response,
bone resorption, wound healing, and cellular
adhesion to the extracellular matrix (13, 32). Its
expression has been described as associated with
tumorigenesis, as well as the progression and
metastasis of malignant tumors of the breast, lung,
prostate, pancreas, and colon (33). Elevated
circulating levels of this protein have been reported
in colon cancer (34), and its overexpression has been
found to correlate with poor prognosis and reduced
survival (13, 33). It has been described that the low
expression  of  Osteopontin  can  suppress
tumorigenicity, while its overexpression induces cell
survival, early metastasis, and resistance to
chemotherapy  (35). This  study  showed
overexpression of Osteopontin in cases of colon
adenocarcinoma compared to healthy mucosa, a
result similar to that reported in other studies (19, 34)
such as that of Li et. al., who in a sample of 77
patients with colon cancer found increased
expression of Osteopontin in 49.4% of cases (19),
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and to the study carried out by Youseff et. al., where
72 cases of colon cancer were evaluated, finding
overexpression of Osteopontin in 45.8% of them
(36), highlighting that in the present study the
overexpression of Osteopontin was found in a much
greater percentage of the adenocarcinoma cases.

In the study by Cheng et. al., in patients with
colorectal carcinoma, Osteopontin expression levels
were higher in tumor tissue than in benign tissue. As
in this work, this difference in expression was
maintained between tumors of different sizes and
grades of differentiation and extension, however,
unlike what was found in the present study, they
reported that the expression of Osteopontin was
positively correlated with the presence of nodal
involvement and with the clinical-pathological stage
(37); showing clear evidence of the involvement of
this protein in the migration and invasion of tumor
cells by triggering a response leading to the
activation of the PI3K-AKT-GSK/3b-b/catenin
signaling pathway, and postulate it as a possible
therapeutic target for and prevention of metastasis in
the progression of this neoplasm (37).

Osteopontin regulates tumor growth, angiogenesis,
and metastasis, and induces relapses through
multiple signaling pathways; one of these is
specifically observed in the tumor
microenvironment, where it induces the secretion of
COX-2 and PGEZ2 facilitating motility of tumor cells
and angiogenesis (17, 35), it has also been reported
that in prostate cancer Osteopontin plays an
important role in the activation of MMP-2 by tumor
cells that regulates tumor progression (17). In
melanoma, tumor infiltration by macrophages
positive for Osteopontin and COX-2 has been
reported to correlate with angiogenesis and
increased tumor growth (16). In this study, no
association was found between overexpression of
Osteopontin and COX-2 in tumor tissue.

A limitation of this study is the number of samples
studied; another could be having included adenomas
with different grades of dysplasia, however, the
results obtained between them were compared when
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performing analysis between the subgroups, without
finding significant differences.

In conclusion, the present study provides evidence of
overexpression of Osteopontin in colon cancer and
colonic adenomas compared to the non-tumor
colonic mucosa, and in relation to the cell
proliferation index in premalignant and malignant
lesions of the colon, in human tissues. These
findings are additional evidence of their possible
involvement in the process of colonic
carcinogenesis.
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