
Abstract. Background: Cytokines, metalloproteinases
(MMPs) and their tissue inhibitors (TIMPs) take part in
many processes involved in tumor progression and invasion
such as degradation of the extracellular matrix, influence on
immune cells associated with tumor tissue, and angiogenesis.
Thus, the aim of this study was to compare the concentration
of plasma levels and tissue expression of macrophage
colony-stimulating factor (M-CSF), vascular endothelial
growth factor (VEGF), matrix metalloproteinases (MMP)-2
and MMP9, and their tissue inhibitors TIMP1 and TIMP2 in
patients with cervical cancer, patients with high-grade
cervical intraepithelial dysplasia (CIN3) and patients with
ectropion. Patients and Methods: Concentration and
expression of all tested parameters was measured in serum
with enzyme-linked immunosorbent assay (ELISA) and in
tissue with immunohistochemistry method. Results: The
epithelial expression of M-CSF and TIMP1 in cancer tissue
was much stronger as compared to that in ectropion and
CIN3. In the case of MMP2, lack of or weak expression in
epithelial cells was observed in all tested groups. Our studies
showed statistical differences of tested parameters in tissue
expression and in plasma concentrations in patients with

cervical cancer, patients with CIN3 and patients with
ectropion. Moreover, data revealed positive correlation
between plasma level and cervical cancer cell expression of
VEGF. Conclusion: Our findings indicate a potential role of
all the proteins tested here in cervical cancer diagnosis,
especially VEGF. However, further studies will show whether
they play a role in the progression of cancerous changes in
epithelial tissue of the cervix.

Cervical cancer remains one of the most common malignant
tumors. Epidemiological data show that it has become a
significant health problem, particularly in women in
developing countries. The development of cervical cancer is
well studied and involves dysplasia, its progression to a
precancerous stage and invasion through the epithelium (1).
Treatment of cervical cancer depends on the clinical stage
and may include surgery, chemotherapy and radiation
therapy, alone or followed by surgery. Organized screening
programs for cervical cancer using annual cytology appear
to be effective and, thus have reduced the incidence of
cervical cancer (2). However, the main problem in cervical
cytology screening is its low sensitivity and reproducibility,
leading to variable accuracy (3). Therefore, new, less
invasive diagnostic biomarkers improving the detection of
cervical cancer and clinical performance are needed. Protein-
based biomarkers might be effective in early detection,
especially at a curable stage, and helpful in the prediction of
treatment response (4).

Tumor invasion and metastasis, which involve the
disruption of the basement membrane and extracellular
matrix (ECM) remodeling, are key characteristics in the
progression of cancer. Although many proteases have been
associated with cancer progression, a specific group of more
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than 20 enzymes called matrix metalloproteinases (MMPs)
may play a key role. They are synthesized and secreted by
cells in an inactive form (5). MMP2 and MMP9, which
belong to gelatinase subfamily, share proteolytic activity
against other extracellular matrix molecules (6). MMPs also
cooperate in the cell migration process by leading to
revealing new binding sites, cleaving cell-matrix receptors,
and releasing ECM-bound chemoattractants (7). Several
studies have connected MMP2 and MMP9 to tumor
angiogenesis and growth (8-10). The function of MMPs in
vivo is determined by the local balance between them and
tissue inhibitors of metalloproteinases (TIMPs) that can form
complexes with enzymes (11). There are four homologous
members of the TIMP family. Both TIMP1 and -3 can form
complexes with proMMP9 while TIMP2, -3 and -4 are
capable of interaction with pro-MMP-22 (12). The imbalance
between the MMPs and TIMPs activity may trigger cancer
cell migration (5, 13) TIMP1 and TIMP2 levels correlate
with a poor prognosis in many types of (12, 14-17).

Macrophage colony-stimulating factor (M-CSF) was
identified as a hematopoietic growth factor that controls the
proliferation, survival, and differentiation of macrophages.
In inflammation, M-CSF stimulates macrophages to secrete
cytokines and proteases (18). Increased expression of M-CSF
and its receptor (M-CSF-R) is correlated with tumor
progression and poor survival in breast, ovarian and prostate
cancer (19-24). M-CSF has mainly been studied in breast
carcinomas, where its expression is well described (25, 26).

Tumor progression is accompanied by an angiogenic switch
as a result of protein released by the tumor and cells in the
microenvironment. In this process, the balance between pro-
and anti-angiogenic factors tilts towards proangiogenic factors
such as VEGF, which can increase vascular permeability (27-
29). However, the exact role of these proteins with pleiotropic
function needs a more detailed understanding. While proteases
such as MMP9 may stimulate the production of angiogenic
factors they have been also identified to suppress the
angiogenic effects of VEGF (30).

Thus, this study aimed to compare the concentration of
plasma levels and tissue expression of M-CSF, VEGF,
MMP2, MMP9, TIMP1 and TIMP2 in patients with cervical
cancer (CC) with high grade cervical intraepithelial dysplasia
(CIN3) and patients with ectropion.

Patients and Methods

Study participants. Table I shows the tested groups. The study
comprised 60 patients with invasive primary carcinoma of the
uterine cervix (51 cases with squamous cell carcinoma and nine
cases with adenocarcinoma of the cervix), 20 patients with high-
grade cervical intraepithelial dysplasia (CIN3) and 20 patients with
ectropion who were referred to the Department of Gynecology,
Bialystok Medical University Teaching Hospital, Poland. The
clinical stage and histological classification were determined

following the International Federation of Gynecology and Obstetrics
(FIGO) criteria in all cases (31). Written consent including
participants’ statements regarding their medical history and lifestyle
habits were obtained from all as previously stated (32). None of the
patients had received chemo- or radiotherapy before sample
collection. Pretreatment staging procedures included physical and
blood examinations and ultrasound scanning, which also confirmed
no inflammation. All samples were taken prior to any treatment. The
study was performed according to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines
and approved by the local Ethics Committee (R-I-002/239/2014).

Plasma collection and storage. Venous blood samples were
collected from each patient into a heparin sodium tube, centrifuged
2,000 × g for 20 min to obtain plasma samples, and stored at −85˚C
until assayed.

Measurement of M-CSF, VEGF, MMP2, MMP9, TIMP1 and TIMP2.
The tested parameters (M-CSF, VEGF, MMP2, MMP9, TIMP1 and
TIMP2) were measured with enzyme-linked immunosorbent assay
(ELISA) (Quantikine Human Immunoassay; R&D Systems,
Abingdon, UK), according to the manufacturer's protocols, and
duplicate samples were assessed for standard and samples. This assay
employs the quantitative sandwich enzyme immunoassay technique.
The values of intra- and inter-assay CVs were enclosed in the reagent
kits. The assay does not exhibit cross-reactivity or interference with
numerous human MMPs, TIMPs, cytokines and other growth factors.

Immunohistochemistry. The immunohistochemistry was carried out
for three groups of patients’ tissue: 31 cases with CC, 17 cases with
CIN3 and five cases with ectropion. Formalin-fixed and paraffin-
embedded tissue specimens cut on a microtome into 4 μm sections
were deparaffinized in xylenes and hydrated in alcohols, as previously
(32). To retrieve antigens sections were heated in a water-bath in
EDTA (pH 9; M-CSF, VEGF and TIMP1 antigens) buffer and citrate
buffer (pH 8; MMP2 and TIMP2 antigens) at 99.5˚C for 20 min. For
MMP9 antibody the step of antigen retrieval was not required.
Endogenous peroxidase was blocked in 3% H2O2 for 5 min. Next,
they were incubated with anti-human antibodies: rabbit polyclonal
antibody against M-CSF (clone ab9693, dilution 1:100; Abcam) for
60 min; mouse monoclonal antibodies against: VEGF (clone #26503,
dilution 1:100; R&D Systems) for 60 min; mouse monoclonal
antibody to MMP2 (clone 17B11, overnight dilution 1:60; Leica
Biosystems, Newcastle upon Tyne, UK); MMP9 (clone 15W2,
dilution 1:80; Leica) for 60 min; mouse monoclonal antibody to
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Table I. Characteristic of examined groups: Cervical cancer, cervical
intraepithelial neoplasia grade 3 (CIN3) and ectropion. 

Study group                                                                            
Cervical ectropion (n=20)
  Median age (range), years                                         46 (23-58)
CIN3 (n=20)
  Median age (range), years                                         42 (22-61)
Cervical cancer (n=60)
  Median age (range), years                                         45 (25-61)
  Squamous cell carcinoma, n                                            51
  Adenocarcinoma, n                                                            9



TIMP1 (clone 6F6a, dilution 1:750; Leica) for 15 min; and TIMP2
(clone 46E5, dilution 1:20; Leica) for 60 min. The reaction was
visualized with a detection kit NovoLink Polymer (Novocastra,
Poland) and 3,3'-diaminobenzidine chromogen (Novocastra, Poland).
Hematoxylin was used to counterstain nuclei. Next slides were
dehydrated in alcohol, rinsed in xylene and closed in DPX medium
(Sigma Aldrich, Poole, UK). Positive and negative controls were also
performed. Stained preparations were observed under a light
microscope. The positive reaction of the investigated proteins was
observed in the cell cytoplasm (magnification ×200). Expression was
evaluated using an immunoreactive score that represented the
percentage of positive cells (0, none; 1, <25%; 2, 25-50%; and 3, 50-
100%;) and the staining intensity (0, no staining; 1, light, yellow
staining; 2, moderate yellow staining; and 3, strong, brown staining).
The reported score for each patient was the average of the scores in
five areas of the slide. The total score ranged from 1 to 3 and protein
expression was considered as none, 0; weak, score 1; moderate, score
2; and strong, score 3.

Statistical analysis. Statistical analysis was performed by IBM SPSS
Statistics for Windows 20.0 (IBM Corp., Armonk, NY, USA). The
Shapiro–Wilk test for preliminary assessment revealed that the
cytokine, metalloproteinases and their inhibitor levels did not follow a
normal distribution. Consequently, statistical analysis between the
examined groups of patients was performed using the Kruskal–Wallis
and multivariate analysis of various data by the post-hoc Dwass–
Steele–Crichlow–Flinger test. Pearson’s chi-squared test and post-hoc
test for two proportions including Bonferroni correction for multiple
comparisons were used to perform analyses between the expression of
all tested parameters in endothelial cells in tested groups. Comparative
analyses of expression in epithelial cells and stromal cells were
performed by using the Wilcoxon matched-pairs test. Statistically
significant differences were defined as comparisons resulting in p<0.05.

Results

Plasma levels of proteins in patients with cervical ectropion,
CIN3 and CC. The median value for VEGF in patients with
CC (136.9 pg/ml) was significantly higher compared with

that for the CIN3 group (111.5 pg/ml; p<0.05). The median
value for MMP9 in patients with CC (339.6 ng/ml) was
significantly higher compared with that for the ectropion
group (69.3 ng/ml; p<0.001) (Table II). 

Additionally, the median value for TIMP2 in the CC group
(75.6 ng/ml) was significantly lower compared with the
ectropion group (88.2 ng/ml) (p<0.01). Moreover, the median
MMP9 value in the CIN3 group (276.4 ng/ml) was significantly
higher compared to the median value in patients with ectropion
(p<0.01). The median TIMP2 level in the same group (70.2
ng/ml) was significantly lower than that in ectropion (p<0.01). 

Furthermore, higher MMP9 and lower TIMP2 plasma
levels were observed in CC compared to CIN and in CIN3
compared to ectropion (p<0.01).

Immunohistochemical expression of M-CSF, VEGF, MMP2,
MMP9, TIMP1 and TIMP2 in epithelial cells in patients with
cervical ectropion, CIN3 and CC. The expression of all
tested proteins was observed in the cytoplasm of normal,
dysplastic and tumor cells. M-CSF, MMP2 and TIMP1
epithelial expression was dependent on the type of cervical
lesion (p<0.01, p<0.05, p<0.05, respectively, Table III).
Strongest M-CSF and TIMP1 expression was observed in
CC, whereas MMP2 expression was rather weak or moderate
but stronger in CC than in CIN3 and stronger in CIN3 than
in ectropion. In the case of other parameters, no association
was found (p>0.05).

In the ectropion group, lack of or slightly marked expression
of M-CSF was detected. Positive reaction for M-CSF was
observed only in epithelial cells of patients with CC. Lack of
or weak expression of MMP2 protein was observed in all
tested groups. In patients with CC and CIN3, expression of
TIMP1 was detected in all cases. Expression of TIMP1 was
mainly moderate or strong, and was stronger in patients with
CC in comparison to those with CIN3 or ectropion (p<0.05).
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Table II. Plasma levels of tested parameters in patients with cervical cancer (CC), Cervical intraepithelial neoplasia grade 3 (CIN3) and cervical
ectropion. 

Group                            M-CSF (pg/ml)          VEGF (pg/ml)a           MMP2 (ng/ml)         MMP9 (ng/ml)b,c,d      TIMP1 (ng/ml)b    TIMP2 (ng/ml)b,c,d

Cervical ectropion
   Median (range)      477.6 (144.8-776.6)   124.1 (48.9-613.3)     208 (144.5-309.0)       69.3 (42.2-480.0)      45.5 (20.1-199.2)     88.2 (64.0-136.1)
   Mean±SD                     525.9±357.3               147.2±123.9                  213±42.9                    111.5±99.7                  62.8±43.7                 89.5±16.4
CIN3
   Median (range)      400.1 (220.6-986.2)    111.5 (27.1-426.9)    194.8 (119.5-288.6)     276.4 (16.0-515.6)     67.6 (16.0-153.1)      70.2 (51.5-91.3)
   Mean±SD                       456.3±204                140.9±102.9                195.9±48.8                 276.6±170.6                  69.5±42                  71.6±12.3
CC
   Median (range)      476.2 (95.2-1696.7)    136.9 (11.8-615.5)    206.8 (124.8-379.0)    339.6 (49.5-1099.4)     75.1 (7.2-264.3)      75.6 (26.9-125.5)
   Mean±SD                     551.1±359.4               191.8±154.8               219.9±58.09                373.7±225.5                 87.6±62.4                 74.3±20.3

M-CSF: Macrophage colony-stimulating factor; MMP2/9: matrix metalloproteinase 2/9; TIMP1/2: tissue inhibitor of matrix metalloproteinase 1;
VEGF: vascular endothelial growth factor. Significantly different: aCC vs. CIN3: p<0.01; bCC vs. ectropion: p<0.001; cCIN3 vs. ectropion: p<0.01;
dCC vs. CIN3 vs. ectropion: p<0.01.



The expression of M-CSF was higher in epithelial cells
than in stromal cells in cervical ectropion (p<0.01) and in
CC (p<0.001). Additionally, higher VEGF expression was
found in CC epithelial cells and in dysplastic cells (CIN 3)
than stromal cells (p<0.01; Table IV).

Regarding MMP2, we also observed stronger positive
expression in normal squamous epithelial cells in cervical
ectropion and stromal cells (p<0.05). The expression of
MMP9 was higher in epithelial cells than in stromal cells in
cervical ectropion (p<0.01) and in CC (p<0.001) and was
also higher in dysplastic cells when compared to
corresponding stromal cells (p<0.001, Table V). 

In the case of studied TIMPs, higher expression in squamous
epithelial cells (cervical ectropion), dysplastic cells (CIN3) or
in CC cells was found comparing corresponding stromal cells
(for TIMP1: p<0.1, p<0.05 and p<0.001, respectively; for
TIMP2: p<0.001, p<0.001 and p<0.001, respectively; Table VI)
(Figure 1). 

No significant difference was demonstrated between the
expression of the tested proteins and the histological type of
CC (data not shown).

Spearman’s rank correlation. Our analysis revealed a
statistically significantly positive correlation between plasma
levels and cervical epithelial cancer cell expression of VEGF
(R=0.43; p=0.021). Moreover, for TIMP1, negative
correlation was also observed between plasma levels and
stromal cell expression in CC (R=−0.37, p=0.038), and
positive correlation between plasma levels and stromal cells
in CIN3 (R=0.50, p=0.039).

Discussion

CC remains the fourth most frequent cancer in women in
poorly developed countries, with an estimated 265,700
causes of death worldwide annually (33). Many internal and
external factors are necessary for the development of cancer.
Tumors of non-hematological origin often secrete growth
factors e.g. M-CSF and VEGF, and overexpress MMPs to
sustain incessant proliferation (34, 35). Data report a
potential role of all the aforementioned markers in CC
progression (36, 37). Advanced disease correlates with
poorer overall survival. Therefore, new potential serum
biomarkers are needed in cancer diagnostics due to their
simplicity in routine clinical measurement (38). 

In this study, attention was focused on plasma levels and
tissue expression of cytokines M-CSF, VEGF, MMP2, MMP9
and their inhibitors TIMP1, TIMP2. Results showed a higher
concentration of MMP9 and a lower concentration of TIMP2
in patients with CC and CIN3 when compared to the ectropion
group. Braicu et al. analyzed plasma levels of VEGFA,
TIMP2, MMP2, and MMP9 in patients with primary CC to
monitor response to chemoradiotherapy (36). High VEGFA
levels in patients with CC were demonstrated, which
decreased after adjuvant treatment. A new diagnostic panel of
VEGFA and TIMP2 has been suggested for monitoring
patients with CC. Low concentrations of TIMP2 suggest that
TIMPs (or physiological production by healthy cells) are
ineffective in inhibiting large amounts of MMPs from
cancerous cells, resulting in the degradation of ECM. Thus,
higher TIMP2 concentration in serum is associated with a
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Table III. Comparison of the immunohistochemical expression of tested parameters in epithelial cells for all examined groups. Only statistically
significant data are shown using Pearson’s chi-squared test and post-hoc test for two proportions (including Bonferroni correction for multiple
comparisons).

                                                                                                                                                                                                                p-Value

                            Score                    Ectropion, n (%)                      CIN3, n (%)                        CC, n (%)                       Pearson’s                    Post-hoc

M-CSF                    0                              3 (30.0)                                  5 (27.8)                              0 (0.0)                             <0.01                           a,b
                               1                              6 (60.0)                                  4 (22.2)                              9 (29.0)                                                                  
                               2                              0 (0.0)                                    4 (22.2)                              8 (25.8)                                                                  
                               3                              1 (10.0)                                  5 (27.8)                            14 (45.2)                                                                  
MMP2                    0                              2 (20.0)                                  5 (27.8)                            10 (32.3)                           <0.05                              
                               1                              4 (40.0)                                13 (72.2)                            17 (54.8)                                                                  
                               2                              4 (40.0)                                  0 (0.0)                                2 (6.5)                                                                  b,c
                               3                              0 (0.0)                                    0 (0.0)                                2 (6.5)                                                                    
TIMP1                    0                              1 (10.0)                                  0 (0.0)                                0 (0.0)                             <0.05                              
                               1                              0 (0.0)                                    0 (0.0)                                6 (19.4)                                                                  
                               2                              2 (20.0)                                  5 (29.4)                            12 (38.7)                                                                  
                               3                              7 (70.0)                                12 (70.6)                            13 (41.9)                                                                  

CC: Cervical cancer; CIN3: cervical intraepithelial neoplasia grade 3; M-CSF: macrophage colony-stimulating factor; MMP2: matrix
metalloproteinase 2; TIMP1: tissue inhibitor of matrix metalloproteinase 1. Significantly different: aCC vs. ectropion: p<0.05; bCC vs. CIN3: p<0.05;
cCIN3 vs. ectropion: p<0.05. Score: 0: None; 1: weak; 2: moderate; and 3: strong staining.



better clinical outcome. Braicu et al. showed that a TIMP2
concentration lower than 90 ng/ml was significantly associated
with poorer overall and progression-free survival (39). In the
current study, the usefulness of TIMP2 and MMP9 in the
differential diagnosis of ectropion, CIN3, and CC has been

indicated. It has been demonstrated that MMP9 concentration
increase with the clinical stage of the tumor (40). 

Cancer cells constitute a source of various growth factors,
which are excreted to the stroma. Under physiological
conditions, stromal cells create a barrier against epithelial cell
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Table IV. Comparison of immunohistochemical cytokine expression in epithelial (normal, dysplastic and cancerous) and stromal cells (only
statistically significant data are shown, Wilcoxon test).

                                                                                                                                                                Stromal cells, n (%)
                                                                                                                                                                            Score

                             Group                                 Cell type                          Score                  0                     1                      2                     3               p-Value

M-CSF       Cervical ectropion       Normal squamous epithelial              0                 3 (30.0)           0 (0.0)             0 (0.0)            0 (0.0)            <0.01
                                                                                                                    1                 6 (60.0)           0 (0.0)             0 (0.0)            0 (0.0)                 
                                                                                                                    3                 1 (10.0)           0 (0.0)             0 (0.0)            0 (0.0)                 
                               CC                             Cancer epithelial                       1                 4 (33.3)          2 (16.6)           3 (50.0)           0 (0.0)           <0.001
                                                                                                                    2                 2 (16.7)          5 (41.7)           1 (16.7)           0 (0.0)                 
                                                                                                                    3                 6 (50.0)          5 (41.7)           2 (33.3)        1 (100.0)               

                                                                                                                                                        0                                 1                     2                      

VEGF                   CIN3                                Dysplastic                           0                              1 (7.7)                       1 (25.0)           0 (0.0)            <0.01
                                                                                                                    1                            12 (92.3)                     3 (75.0)        1 (100.0)               
                               CC                             Cancer epithelial                       0                             4 (22.2)                      1 (10.0)           0 (0.0)            <0.01
                                                                                                                    1                            13 (72.2)                     7 (70.0)        3 (100.0)               
                                                                                                                    2                              1 (5.6)                       2 (20.0)           0 (0.0)                 

CC: Cervical cancer; CIN3: cervical intraepithelial neoplasia grade 3; M-CSF: macrophage colony-stimulating factor; VEGF: vascular endothelial
growth factor. Score: 0: None; 1: weak; 2: moderate; and 3: strong staining.

Table V. Comparison of the immunohistochemical expression of selected metalloproteinases (MMP2 and MMP9) in epithelial (normal, dysplastic
and cancerous) and stromal cells (only statistical significance).

                                                                                                                                                                Stromal cells, n (%)
                                                                                                                                                                            Score

                             Group                                 Cell type                          Score                                          0                      1                                      p-Value

MMP2        Cervical ectropion       Normal squamous epithelial              0                                         0 (0.0)            2 (50.0)                                  <0.05
                                                                                                                    1                                        4 (66.7)            0 (0.0)                 
                                                                                                                    2                                        2 (33.3)           2 (50.0)                

                                                                                                                                                0                             1                              2                         

MMP9       Cervical ectropion       Normal squamous epithelial              0                      0 (0.0)                  1 (100.0)                   0 (0.0)                <0.01
                                                                                                                    1                     6 (66.7)                   0 (0.0)                     0 (0.0)                    
                                                                                                                    2                     2 (22.2)                   0 (0.0)                     0 (0.0)                    
                                                                                                                    3                     1 (11.1)                   0 (0.0)                     0 (0.0)                    
                             CIN3                                Dysplastic                            0                     6 (42.9)                  1(33.3)                    0 (0.0)                <0.05
                                                                                                                    1                     8 (57.1)                  2 (66.7)                    0 (0.0)                    
                               CC                                     Cancer                               0                     3 (13.6)                  1 (12.5)                    0 (0.0)               <0.001
                                                                                                                    1                    18 (81.8)                3 (37.5)                 1 (100.0)                  
                                                                                                                    2                      1 (4.6)                   3 (37.5)                    0 (0.0)                    
                                                                                                                    3                      0 (0.0)                   1 (12.5)                    0 (0.0)                    

CC: Cervical cancer; CIN3: cervical intraepithelial neoplasia grade 3. Score: 0: None; 1: weak; 2: moderate; and 3: strong staining.



transformation. However, the stromal compartment undergoes
extensive remodeling in response to progressive changes in the
epithelium. The rearrangement of the tumor environment has an
important role in several processes related to cancer progression,
including recruitment of new stromal cells that secrete factors
stimulating cell proliferation and matrix remodeling (40).
MMPs regulate tumor development by the remodeling of ECM
components. Fernandes et al. showed greater expression of
MMP2 in the stromal cells of invasive carcinoma of the cervix
than in CIN3 and assumed that stromal cells play a crucial role
in tumor progression (41). However, our results are opposed and
showed no statistical differences in expression of the studied
MMPs between groups. We detected the expression of MMP2
in normal squamous epithelial cells and stromal cells, but we
noted no statistical discrepancy between cancerous and stromal
MMP2. Interestingly, our results are similar to those of Westin
et al. (42). The expression of MMP2 and MMP9 was detected
as slight in control samples and increased in patients with CC.
The researchers suggested that MMP2 and MMP9 expression
were associated with the stage of CC and the age of patients. In
our study, we did not notice differences in expression of MMP9
between the CIN3, CC and ectropion groups. We indicated the
relationship between the expression of MMP9 in epithelial and
stromal cells. Similarly, Li et al. detected that MMP9 expression

was increased in CC compared to normal tissue, which was
associated with stromal invasion, CC stage and lymph node
metastasis (43). Interestingly, results by Westlin et al. showed
significantly higher expression of MMP9 in tumor stroma than
in cancerous cells (42). In our examinations, stronger positive
MMP9 reaction in dysplastic cells was detected compared to
stromal cells in CIN3. Moreover, higher MMP9 expression in
normal squamous epithelial cells than in stromal cells was
observed. Notably, this might be the effect of huge epithelial
remodeling whereby proliferative keratinocytes migrated inside
the stroma, which leads to an increase in the expression of
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Table VI. Comparison of the immunohistochemical expression of tissue inhibitors of metalloproteinases (TIMPs) in epithelial (normal, dysplastic
and cancerous) and stromal cells (only statistical significance).

                                                                                                                                                                Stromal cells, n (%)
                                                                                                                                                                            Score

                             Group                                 Cell type                          Score                  0                     1                      2                     3               p-Value

TIMP1       Cervical ectropion       Normal squamous epithelial              0                1 (33.33)          0 (0.0)             0 (0.0)            0 (0.0)            <0.01
                                                                                                                    2                1 (33.33)         1 (14.3)            0 (0.0)            0 (0.0)                 
                                                                                                                    3                1 (33.33)         6 (85.7)            0 (0.0)            0 (0.0)                 
                             CIN3                                Dysplastic                            2                 3 (50.0)          2 (20.0)            0 (0.0)            0 (0.0)           <0.001
                                                                                                                    3                 3 (50.0)          8 (80.0)          1 (100.0)          0 (0.0)                 
                               CC                                     Cancer                               1                 6 (75.0)           0 (0.0)             0 (0.0)            0 (0.0)           <0.001
                                                                                                                    2                 1 (12.5)         11 (52.4)           0 (0.0)            0 (0.0)                 
                                                                                                                    3                 1 (12.5)         10 (47.6)         1 (100.0)       1 (100.0)               

                                                                                                                                                      0                                              1          

TIMP2       Cervical ectropion       Normal squamous epithelial              0                           1 (20.0)                                    0 (0.0)                        <0.05
                                                                                                                    1                           2 (40.0)                                   3 (75.0)     
                                                                                                                    2                           2 (40.0)                                   1 (12.5)     
                                                                                                                    3                            0 (0.0)                                    1 (12.5)     
                             CIN3                                Dysplastic                            1                           9 (81.8)                                   1 (16.7)                     <0.001
                                                                                                                    2                           2 (18.2)                                   2 (33.3)     
                                                                                                                    3                            0 (0.0)                                    3 (50.0)     
                               CC                                     Cancer                               0                           3 (10.0)                                   2 (18.1)                     <0.001
                                                                                                                    1                          14 (46.7)                                  4 (36.4)     
                                                                                                                    2                          12 (40.0)                                  4 (36.4)     
                                                                                                                    3                            1 (3.3)                                     1 (9.1)      

CC: Cervical cancer; CIN3: cervical intraepithelial neoplasia grade 3. Score: 0: None; 1: weak; 2: moderate; and 3: strong staining.

→

Figure 1. Immunohistochemical expression of macrophage-colony
stimulating factor (M-CSF; absent in normal epithelium moderate in
CIN3 and strong in CC), vascular endothelial growth factor (VEGF;
weak in normal epithelial tissue, absent in CIN3, weak in CC), matrix
metalloproteinase 2 (MMP2; moderate in normal epithelial tissue, weak
in CIN3 and CC), matrix metalloproteinase 9 (MMP9; absent in normal
epithelial tissue, weak in CIN3 and CC), tissue inhibitor of matrix
metalloproteinase 1 (TIMP1; strong in normal epithelium and CIN3 and
absent in CC) and tissue inhibitor of matrix metalloproteinase 2
(TIMP2; absent in normal epithelial tissue and in CIN3 and moderate
in CC) observed in cell cytoplasm (magnification ×200).
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MMPs. Data confirmed that MMP9 expression in CC may be
an independent prognostic factor, and might be a potential
diagnostic target (42, 43).

Zhou et al. observed different expression of TIMP1 and
TIMP2 in human squamous cell carcinoma of the uterine
cervix (44). They indicated higher positive rate in TIMP1
and TIMP2 expression among CC and CIN in comparison to
normal tissue. In our studies, expression of TIMP1 and
TIMP2 in all tested groups was detected, but we only noted
statistically significant differences in the expression of
TIMP1. Similarly, Westin et al. found the percentage of cells
expressing TIMP1 was statistically higher in cancerous cells
compared to cells in the CIN3 group (42). They also
demonstrated no statistical differences in the expression of
TIMP2 between patients with CIN3 and those with CC. High
expression of TIMPs plays an important role in the
remodeling of the epithelium. Overexpression of TIMPs was
shown to reduce MMP activity, which directly suppressed
remodeling of the tumor environment. TIMPs inhibit
vascular smooth muscle and endothelial cell migration, but
also possess growth factor activity (45).

VEGF is potent angiogenic agent and its increased
production induces blood vessel growth (30). It might be
considered a useful diagnostic biomarker in CC. The
expression level of VEGF increases with the decline of
oxygen concentration in various types of malignant cells (46,
47). Moreover, VEGF can increase vascular permeability,
promote cell migration and inhibit apoptosis (48). Zhang et al.
demonstrated that the positive expression of VEGF was
significantly higher in CC than in normal cervical tissue. In
their study, VEGF mRNA expression was also detected. High
expression of VEGF was associated with an increased
metastatic potential of tumor cells and a poor survival rate
(49). Belfort-Mattos et al. demonstrated a positive correlation
between the expression of VEGF and CIN grade, which
suggests a tendency for strong VEGF expression among
patients with high-grade lesions (50). The results presented
from our study showed no difference in the expression of
VEGF among those with cervical ectropion, CIN3 and CC,
however the VEGF tissue expression and plasma levels were
correlated. Our data showed higher expression of the protein
in cancerous and dysplastic cells than in stromal cells, which
may suggest that the presence of VEGF expression is strongly
associated with high-grade intraepithelial lesions.

Different macrophage populations co-exist within single
tissues. Tumor-associated macrophages often occur in solid
tumors, which affects their development. Tumor cells produce
M-CSF as a tumor-associated macrophage regulatory factor
for differentiation and proliferation (51). It is hypothesized
that the expression of M-CSF and its receptor are involved in
the progression of female cancer (52). In murine models of
cervical carcinogenesis, the pharmacological inhibition of M-
CSF receptor also inhibited the tumor growth (53). Moreover,

silencing M-CSF gene expression using regulatory siRNA
inhibited the process of angiogenesis (54). Our data revealed
a higher expression of this protein in tumor cells in
comparison with normal squamous epithelial cells. Kirma et
al. similarly showed elevated expression of M-CSF in tumor
cells in comparison to normal epithelium (52). 

In summary, to our knowledge, this is the first comparative
analysis of tissue expression and serum concentration of
selected parameters in epithelial lesions of the cervix and
stromal compartment. Depending on the type of lesion, different
concentrations and tissue expression of these proteins were
observed. Statistical differences in the expression of M-CSF,
MMP2, and TIMP1 among normal squamous epithelial,
dysplastic and cancerous cells may indicate a potential role of
these proteins in CC diagnosis. Moreover, the statistical
differences in serum concentrations of MMP9 and TIMP2 and
lack of such differences in tissue expression suggest that these
proteins play a questionable role in progression of epithelial
lesions. The lack of correlation between the plasma level and
tissue expression of M-CSF, MMPs and TIMPs indicates that
these proteins in serum are derived from blood cells, and
therefore do not reflect the severity of the remodeling in the
tumor itself but a peripheral response, and should not be
evaluated as a marker of an ongoing process in the cervix. Our
findings confirm that the plasma level of VEGF is correlated
with tissue expression, nevertheless, its usefulness in the
diagnosis of CC is uncertain. However, it can be hypothesized
that a diagnostic panel with VEGF may be sufficient for the
detection of CC. To confirm our findings, further investigation
and enlargement of the study group to predict if these
parameters can be used as potential diagnostic markers in CC
is required.
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