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MIF and MMP-9 expression levels positively correlate
with pathological stages of gingival cancer
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Abstract: Objective: The aim of the current study was to investigate expression levels of macrophage migration in-
hibitory factor (MIF) and matrix metalloproteinase-9 (MMP-9) in gingival cancer, analyzing correlation levels of MIF
and MMP-9 with pathological stages, differentiation degrees of gingival cancer, and prognosis. Methods: A total of
76 patients with gingival cancer (study group) and 64 healthy volunteers (control group) were prospectively ana-
lyzed. Enzyme-linked immunosorbent assays (ELISA) were conducted, detecting expression levels of MIF in serum
and expression levels of MMP-9 in dental pulp tissues. Correlation levels between MIF, MMP-9, pathological stages,
and differentiation degrees of gingival cancer were calculated. A 5-year-follow-up peroid was carried out, recording
patient survival in the first, third, and fifth years. Results: There were significant differences in expression levels of
MIF and MMP-9 between different pathological stages (P < 0.001), with the highest levels observed in stage IV (P
< 0.005), followed by stages Ill and II. Significant differences were observed in expression levels of MIF and MMP-9
between different degrees of differentiation (P < 0.001), with the highest levels observed in poorly-differentiated
tumors (P < 0.05), followed by moderately-differentiated tumors. Linear correlation analysis revealed that MIF and
MMP-9 were positively correlated with clinical pathological stages (r = 0.845, 0.828, P < 0.001) and negatively cor-
related with tumor differentiation (r =-0.630, -0.769, P < 0.001). Survival analysis indicated that patients with lower
expression levels of MIF and MMP-9 survived longer than those with higher expression levels of MIF and MMP-9
(P =0.042, 0.035). Conclusion: MIF and MMP-9 were highly expressed in patients with gingival cancer. They were
positively correlated with pathological stages of gingival cancer and negatively correlated with degrees of tumor dif-
ferentiation and survival. Thus, these proteins may be useful targets in gingival cancer treatment.
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Introduction easily misdiagnosed as gingivitis or periodonti-
tis, causing patients to miss the best chance

Gingival cancer is a common highly-differentiat- for treatment. Thus, upon diagnosis, the tumor

ed squamous cell carcinoma [1]. Gingival can-
cer predominantly affects middle-aged and el-
derly individuals. It presents mostly in the lower
gingiva. However, the average age of patients
has continually decreased [2]. According to
Keshaava et al. [3], there were approximately
450,000 newly diagnosed cases of gingival
cancer in 2016, of which 24% of the cases were
below 40 years of age. Compared to statistics
from 10 years ago, the number of patients with
gingival cancer had increased by more than
10-fold [4]. Many studies have suggested that
[5, 6] the number of patients will continue to
increase. Gingival cancer originates from the
interdental papilla and palatal border area. It is

has usually proceeded to middle and late stag-
es[7].

Pan et al. [8] found that the 5-year survival ra-
te of patients with advanced gingival cancer
was 62%. Currently, the main treatment for gin-
gival cancer is gingival resection. Total maxil-
lary resection has often been applied for ad-
vanced or more severe cases [9]. Regardless of
treatment method, the quality of life of patients
is adversely impacted when the gingiva or
entire maxilla is removed [10]. Therefore, stud-
ies examining methods for retaining gingival tis-
sue will help improve the prognosis of patients.
Matrix metalloproteinases (MMPs) have been
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shown to effectively rebuild periodontal tissues
and have been closely associated with the
absorption capacity of the tooth root [11].
Macrophage migration inhibitory factor (MIF), a
recently discovered cytokine, is abnormally
expressed in various inflammatory diseases
[12, 13]. De Faro Valverde et al. [14] detected
the presence of MIF in oral cancer tissues, sug-
gesting that MIF is associated with occurrence
and development of oral cancer.

However, very few studies have examined MIF
and gingival cancer. Therefore, the current stu-
dy analyzed expression levels of MIF and MMP-
9 in patients with gingival cancer, exploring as-
sociation levels between MIF, MMPs, and gingi-
val cancer.

Materials and methods
General information

A total of 127 Patients with gingival cancer, ad-
mitted to Stomatology and Oncology Depart-
ments, were enrolled and prospectively ana-
lyzed. They were included according to criteria
for clinical symptoms compiled in the 2011
Oral Cancer Diagnosis Guidelines [15]: Gingival
cancer was diagnosed by pathological biop-
sies, followed by treatment; Medical records
of the patients were complete; Patients were
cooperative to the arrangements of the medi-
cal staff; Patients were 20 to 70 years old.
Exclusion criteria: Patients were administered
with radiotherapy or chemotherapy; Patients
with other tumors, cardiovascular diseases,
pulmonary failure, infectious diseases, diges-
tive tract infections, physical disabilities, men-
tal disorders, and abnormal vital signs; Patients
transferred to other hospitals and bedridden
patients. In the end, a total of 76 cases were
included as study subjects, including 54 males
and 22 females, with an average age of 49.21
+ 10.57 years. Pathological stages and differ-
entiation degrees were evaluated according to
2011 Gingival Cancer Disease Guidelines [16].
Results showed that 14 patients were in stage
I, 18 patients were in stage Il, 27 patients we-
re in stage Ill, and 17 patients were in stage
IV. Highly-differentiated, moderately-differenti-
ated, and poorly-differentiated tumors were fou-
nd in 36, 21, and 19 cases, respectively, in the
study group. Additionally, 64 healthy volunteers
were selected as the control group, including

11179

42 males and 22 females, with an average age
of 50.54 + 9.87 years.

Methods

Two milliliters of venous blood were drawn fr-
om the two groups and centrifuged for 4 min-
utes (4,000 rpm/min) to obtain the superna-
tant. MIF-ELISA kits (from Thermo Fisher Sci-
entific, Waltham, MA, USA) were used to detect
MIF levels in the serum. Dental pulp tissues of
the subjects were obtained. MMP-9 protein
expression levels in the dental pulp tissue were
detected by ELISA. Pulp tissues were lysed by
cell lysis solution and protein concentrations
were detected with a spectrophotometer. The
proteins were placed in a water bath at 100°C
for 10 minutes. SDS-PAGE gel was used for
electrophoresis. After separation, the gel was
transferred to polyvinylidene fluoride mem-
branes and placed in blocking solution over-
night at 4°C. Primary antibodies (1:200 anti-
MMP-9 rabbit polyclonal antibody; 1:10,000
anti-beta-actin mouse monoclonal antibody)
were added. They were incubated with gentle
mixing for 3 hours, then discarded. After 3
washes with phosphate-buffered saline, the
peroxidase-labeled secondary antibody was
added. It was incubated with gentle mixing for 1
hour, then washed 3 times with phosphate-
buffered saline. Luminescent substrate ECL-
PLUS was added with B-actin as an internal ref-
erence for X-ray exposure and image develop-
ment. This study was approved by the Ethics
Committee of Zhangye People’s Hospital Affi-
liated to Hexi University.

Outcome measures

Expression levels of MIF and MMP-9 were
determined for the two groups. Expression lev-
els of MIF and MMP-9 in gingival cancer pa-
tients at different pathological stages and dif-
ferent degrees of differentiation were deter-
mined, along with correlation levels and 1-year,
3-year, and 5-year survival rates. These leve-
Is and rates were based on 5-year follow-up
periods.

Statistical analysis

SPSS 22.0 statistical software (SPSS, Inc., Chi-
cago, IL, USA) was used to analyze present da-
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Table 1. Comparison of clinical information between the

two groups of patients [n (%)]

od. Survival rates were compared by
log-rank tests. P < 0.05 indicates statis-

tical significance.

Test group Control group
X2ort P
=76 =64
(n ) (n ) Results

Age 49.21 + 10.57 50.54 £ 9.87
Body weight  72.34 +12.84 71.52 +13.26 Comparison of baseline data
Gender 0.475 0.491

Male 54 (71.05) 42 (65.63) Age, body weights, gender, smoking his-

Female 22 (28.95) 22 (34.38) tory, exercise habits, and living environ-
Smokes 0.214 0.643 ments between the two groups of pa-

Yes 64 (84.21) 52 (81.25) tients were not significantly different (P

No 12 (15.79) 12 (18.75) > 0.05), demonstrating that the two

) groups were comparable (Table 1).

Sports habits 0.558 0.455

Yes 15 (19.74) 16 (25.00) MIF and MMP-9 expression levels in

No 61 (80.26) 48 (75.00) both groups
Living Environment 0.296 0.586

Downtown 52 (68.42) 41 (64.06) Expression levels of MIF in the study

Suburbs 24 (31.58) 23 (35.94) group were significantly higher than

those in the control group (P < 0.001).
Expression levels of MMP-9 in the study

80+ group were significantly higher than those in

Bl Test group
[ Control group

60+
40+ .
—t
20+ *
T
0

oY ®
S e
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Figure 1. MIF and MMP-9 expression in both groups.
*represents P < 0.001 compared to experimental
group MIF or MMP-9 expression.

ta. Count data, such as gender, smoking habits,
and other clinical information, are expressed as
rates. Comparisons between groups were per-
formed using Chi-square tests. Measurement
data, such as MIF and MMP-9 expression lev-
els, are expressed as mean + standard devia-
tion. Comparisons between multiple groups
were performed by analysis of variance with
post-hoc Bonferroni’'s tests. Comparisons be-
tween the two groups were carried out by inde-
pendent t-tests. Linear correlation analysis was
used for correlation analysis. Survival rates
were calculated using the Kaplan-Meier meth-
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the control group (P < 0.001; Figure 1).

MIF and MMP-9 expression levels at differ-
ent pathological stages and differentiation
degrees

MIF levels in stages |, Il, Ill, and IV were 24.86 +
3.66, 35.21 + 5.25, 46.37 + 6.70, and 57.88 +
475 ng/mL, respectively. MMP-9 levels in
these stages were 37.66 + 4.86, 45.96 + 3.13,
59.14 + 5.94, and 68.38 + 5.07, respectively.
Present results indicate significant differences
in expression levels of MIF and MMP-9 in differ-
ent pathological stages (P < 0.001), with the
highest levels in stage IV (P < 0.005), followed
by stages Ill and Il. MIF and MMP-9 expression
levels were lowest in patients with stage | dis-
ease (P < 0.005). For well-differentiated, mod-
erately-differentiated, and poorly-differentiated
patients, MIF expression levels were 31.88 +
6.67, 47.70 + 9.58, and 59.14 + 7.27 ng/mL,
respectively. MMP-9 expression levels were
41.37 £5.09, 52.68 + 6.29, and 64.33 + 6.40,
respectively, revealing significant differences in
expression levels of MIF and MMP-9 at differ-
ent differentiation degrees (P < 0.001). Patients
with poorly-differentiated tumors showed the
highest expression levels (P < 0.05), followed
by moderate-differentiation. Well-differentiated
patients showed the lowest levels (P < 0.005,
Tables 2, 3).
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Table 2. MIF and MMP-9 expression levels at different
pathological stages

Stage MIF (ng/mL) MMP-9

Phase | (n = 14) 24.86 + 3.66 37.66 + 4.86
Phase Il (n = 18) 35.21 + 5.25” 45,96 + 3.13"
Phase Il (n = 27) 46.37 +6.70"* 59.14 + 5.94™#
Phase IV (n = 17) 57.88 + 4.75%*2 68.38 + 5.07"**
F 117.324 139.824

P <0.001 <0.01

Note: “compared with levels of expression of MIF or MMP-9 in patients at
stage |, P < 0.005; “compared with levels of MIF or MMP-9 expression in
patients at stage Il, P < 0.005; 2compared with expression levels of MIF

Prognosis survival rates

Of the 76 cases with gingival cancer,
72 cases were successfully followed-
up. According to median expression
levels, patients were divided into the
MIF high-expression group (MIF >
46.24 ng/mL based on the median,
34 cases in total), MIF low-expression
group (MIF < 46.24 ng/mL based on
the median, 38 cases in total), MMP-
9 high-expression group (MMP-9 >

or MMP-9 in patients at phase Ill, P < 0.005.

Table 3. Different levels of MIF and MMP-9 expression

56.72, 40 cases in total), and MMP-9
low-expression group (MMP-9 <56.72,
32 cases in total). Moreover, 1-, 3-,
and 5-year survival rates of the MIF

Differentiation MIF (ng/mL)

low expression group were 97.14%,

Highly differentiated (n = 36)

Poor differentiation (n = 19)
F 82.894
P <0.001

31.88+6.67 41.37 +£5.09
Medium differentiation(n = 21) 47.70 + 9.58" 52.68 + 6.29"
59.14 + 7.27"* 64.33 + 6.40"*
100.916
<0.001

85.64%, and 70.27%, respectively,
significantly higher than values of
87.15%, 69.68%, and 38.32% obser-
ved in the MIF high-expression group
(P =0.042). The 1-, 3-, and 5-year sur-
vival rates of the MMP-9 low-expres-

Note: “compared with expression levels of MIF or MMP-9 in patients with
high differentiation, P < 0.05; *compared with expression levels of MIF or
MMP-9 in patients with moderate differentiation, P < 0.05.

801 1 =0.845 P <0.001
[ |
604
w [
S 401 .
[ ]
20
0 T T L 1
0 1 2 3 4

Pathological stage

Figure 2. Correlation analysis of MIF and pathologi-
cal stage. Linear correlation analysis shows a posi-
tive correlation between MIF and pathological stag-
ing (r =0.845, P < 0.001).

Correlation analysis of MIF and MMP-9 with
pathological stages and differentiation

Linear correlation analysis showed that MIF
and MMP-9 were positively correlated with clini-
cal pathological stages (r = 0.845, 0.828, P <
0.001) and negatively correlated with differen-
tiation degrees (r = -0.630, -0.769, P < 0.001,
Figures 2-5).
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sion group were 97.06%, 93.71%, and
67.28%, respectively, also significantly
higher than 92.08%, 71.33%, and
42.36% values observed in the MMP-9
high-expression group (P = 0.035, Figures 6,
7).

Discussion

The pathogenesis of gingival cancer remains
unclear. Studies have suggested that [17, 18]
long-term gingival injuries and genetic factors
cause the deterioration of gingival tissue
lesions. These induce gingival cancer. Radio-
therapy and chemotherapy have been used to
treat gingival cancer in clinical practice. How-
ever, efficacy levels are approximately 30%
[19]. Thus, tissue resection remains the most
effective treatment. However, excising gingival
tissues or even jaw bones greatly decreases
the quality of life of patients. Therefore, it is a
major challenge to treat gingival cancer while
retaining original tissues. Many studies [20, 21]
have shown that occurrence and development
of gingival cancer is closely associated with
changes in multiple biological factors. Exploring
the presence of abnormally-expressed factors
in the pathogenesis of gingival cancer and
changes in the biological mechanisms of gingi-
val cancer can reveal target treatments for
gingival cancer. These treatments may enable

Int J Clin Exp Med 2019;12(9):11178-11184
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Figure 3. Analysis of the correlation between MMP-
9 and pathological stage. Linear correlation analysis
shows a positive correlation between MMP-9 and
pathological staging (r = 0.828, P < 0.001).

100+ r=-0.630, P <0.001.
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Figure 4. Correlation analysis of MIF and tumor differ-
entiation. Linear correlation analysis shows that MIF
was negatively correlated with the degree of tumor
differentiation r = -0.630, P < 0.001. 1- represents
poorly differentiated, 2- represents moderate differ-
entiation, and 3- represents high differentiation.

100+ r=-0.769, P <0.001
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Figure 5. Correlation analysis of MMP-9 and tumor
differentiation. Linear correlation analysis shows
that MMP-9 was negatively correlated with the de-
gree of tumor differentiation r = -0.769, P < 0.001.
1- represents poorly differentiated, 2- represents
moderate differentiation, and 3- represents high dif-
ferentiation.
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Figure 6. Prognosis 5-year survival rate in high- and
low-expression MIF groups. Survival rates of the MIF
low-expression group were 97.14%, 85.64%, and
70.27%, significantly better than those of the MIF
high-expression group (87.15%, 69.68%, 38.32%, P
=0.042).
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Figure 7. Prognosis for 5-year survival rates of MMP-9
high and low-expression groups. Survival rates of the
MMP-9 low-expression group were 97.06%, 93.71%,
and 67.28%, significantly better than those in the
MMP-9 high-expression group (92.08%, 71.33%,
42.36%, P = 0.035).

patients to retain original gingival tissues. MIF
can activate macrophage or monocyte cyto-
kines. The cytokines strongly regulate the acti-
vation of inflammatory cytokines. This has been
shown to be significant for abnormal expres-
sion in periodontitis [22]. MMP-9 is abnormally-
expressed in many tumor diseases, acting as a
carcinogenic factor closely associated with
metastasis and invasion of tumor lesions [23].
Therefore, detection of MIF and MMP-9 expres-
sion levels in patients with gingival cancer may
provide a foundation for targeted therapy of
gingival cancer.

Current results showed that both MIF and
MMP-9 were highly-expressed in patients with

Int J Clin Exp Med 2019;12(9):11178-11184
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gingival cancer, suggesting that these proteins
are closely associated with gingival cancer. MIF
and MMP showed positive correlation levels
with pathological stages and negative correla-
tion levels with degrees of differentiation. Re-
sults suggest that MIF and MMP-9 are involved
in the development of gingival cancer. MIF can
malignantly transform oncogenes by inhibiting
the division of normal cells [24]. It has been
predicted that MIF activates macrophages and
inflammatory factors in the cells, resulting in a
continuously damaged environment of gingival
tissues. In this case, cancer cells are more sus-
ceptible to invasion. As the cancer deteriorates,
cancer cells phagocytose normal cells in the
gingival tissue of patients, promoting the prolif-
eration of macrophages and mononuclear cyto-
kines. This results in additional deterioration.
Therefore, patients with more severe disease
show higher expression levels of MIF. Moreover,
MIF is a powerful regulator of the anti-inflam-
matory effects of renal epithelial hormone,
accelerating the formation of new blood ves-
sels and increasing growth rates of tumors.
MMP-9, a factor that degrades extracellular
matrix components, significantly destroys cells
[25]. MMP-9 induces local tissue and organ
damage by activating inflammatory factors,
including interleukin-1, tumor necrosis factor-q,
and transforming growth factor-f3 [26]. Its high
expression in gingival cancer demonstrates
that MMP-9 is present in gingival cancer cells.
It has been thought that, during disease pro-
gression, MMP-9 secretion increases, causing
synthesis in basal cells to be significantly lower
than the degradation rate, damaging gingival
tissue. Results of Monteiro et al. [27] are con-
sistent with current results, demonstrating the
validity of the current experiment. Investigation
of prognosis survival showed that survival rates
of patients with high MIF and MMP-9 expres-
sion levels were significantly lower than those
of patients with low expression, suggesting that
MIF and MMP-9 can be targeted for treatment
of gingival cancer. However, the mechanisms of
MIF and MMP-9 in promoting occurrence and
development of gingival cancer require further
investigation.

There were some limitations to the current
study, however. The subject population was
small and relatively simple. Statistical analysis
was not carried out on other types of gingival
cancer, in which differences in expression lev-
els between MMP-9 and MIF may have exis-
ted.
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In summary, MIF and MMP-9 were shown to be
highly-expressed in patients with gingival can-
cer, positively correlated with pathological stag-
es of gingival cancer, and negatively correlated
with degrees of tumor differentiation. Therefore,
they may be acceptable therapeutic targets for
treatment of gingival cancer.
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