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Abstract
Objective The objective of this study was to investigate serum
and salivary levels of chemerin and MMP-9 as early diagnos-
tic biomarkers for patients with oral premalignant lesions
(OPMLs) and oral squamous cell carcinoma (OSCC).
Methods This study included 45 individuals; 15 healthy con-
trol, 15 patients with OPMLs, and 15 patients with early stage
OSCC. Chemerin and MMP-9 were determined in serum and
saliva samples utilizing enzyme-linked immunosorbent
assays.
Results Serum and salivary levels of chemerin and MMP-9 in
patients with OSCC were significantly higher than OPMLs
and control group. Patients with OPMLs showed also elevated
profiles for serum and salivary chemerin and MMP-9 com-
pared to control group. Receiver operator characteristic curve
analysis revealed that all tested biomarkers have 100 % sen-
sitivity and 100% specificity with area under the curve (AUC)
of 1.00 in detecting early stage OSCC and OPMLs. In
distinguishing OSCC from OPMLs, salivary MMP-9, serum
chemerin, and salivary chemerin showed AUC of 0.99, 0.92,
and 0.88, respectively, showing higher sensitivity and speci-
ficity compared with serum MMP-9 (AUC; 0.6) which failed
to differentiate between the two conditions.
Conclusion Chemerin and MMP-9 might be considered as
salivary diagnostic biomarkers for OPMLs and early detection

of OSCC and also for detecting early cancerization of
OPMLs.
Clinical relevance This research implied that salivary
chemerin was a novel diagnostic factor for patients with
OPML and early stage OSCC patients, and chemerin could
be a new therapeutic target for regulating cancer angiogenesis
and blocking malignization of OPMLs.
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Introduction

Oral cancer is the 6th most common cancer globally with
approximately two thirds of all cases occurring in developing
countries [1]. Oral squamous cell carcinoma (OSCC) is one of
the ten most frequently diagnosed cancers in the world ac-
counting for about 90 % of the oral cancer, with an annual
estimated incidence approximately 275,000 [2].

Moreover, the fact that the survival of the patients with
stages I–II of the disease ranges from 60 to 80 % suggests a
high potential for treatment when oral cancer is early detected
in high-risk patients [3]. Meanwhile, OSCC are mostly pre-
ceded by a period during which the affected epithelium shows
histologic evidence of epithelial dysplasia, though not always
clinically apparent. It has been reported that the annual rate of
malignant transformation of oral premalignant lesions
(OPMLs) varies from 0 to 20 % in 1–30 years [4]. While the
risk of premalignant progression is associated with histologi-
cal grade, it is currently impossible to predict accurately which
lesions will progress into cancer. Moreover, some pre-
cancerous lesions with unrecognized mild dysplasia might
undergo malignant transformation and become severe dyspla-
sia [5]. While histopathological analysis of oral biopsy is the
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only available gold standard for confirming oral cancer, how-
ever, it is time consuming, invasive, requires experts, and
expensive to be used during screening programs [6].
Consequently, there is an unmet need for laboratory diagnostic
tools to early detect oral cancer and to distinguish between the
OPMLs and OSCC.

The molecular mechanisms involved in the cancerization
of normal oral tissue and epithelial dysplasia are still poorly
understood. Tumorigenesis depends on multiple steps includ-
ing degradation of the basement membrane and extracellular
matrix as well as angiogenesis [7]. In addition, the process of
malignant transformation from OPMLs to OSCC is compli-
cated and regulated by many factors [8]. Angiogenesis is one
of the most important events which may play a role in evolu-
tion of OSCC from epithelial dysplasia [9]. Angiogenesis is a
dynamic process regulated by pro- and anti-angiogenic mole-
cules including chemerin [10] and extracellular matrix degra-
dation proteins such as matrix metalloproteinase-9 (MMP-9)
[11]. Thus, assessment of pro-angiogenic factors might be
useful for the detection of early malignant changes in the oral
cavity.

Chemerin is an 18 kDa novel member of adipokines, also
referred to as tazarotene-induced gene 2, which was identified
as the natural ligand of the previously orphan receptor
ChemR23 [12]. Chemerin is widely expressed in adipose tis-
sue, endothelium, fibroblasts, and keratinocytes [13] and cir-
culates in human plasma as an inactive precursor
(prochemerin) that is activated by extracellular proteases
[12]. Increasing evidence has pointed to the importance of
chemerin in various pathophysiological conditions [14].
Numerous studies have reported that chemerin is a multifunc-
tional adipokine that plays important roles in regulating an-
giogenesis, cell proliferation, and inflammation [13, 15, 16].
In a recent review, Mariani and Roncucci [17] addressed the
inflammatory role of chemerin through chemerin/chemR23
axis, this pathway may regulate immune responses by contrib-
uting to the pathogenesis of inflammatory diseases. As a po-
tent leukocyte chemoattractant, chemerin specifically modu-
lates chemotaxis and activation of macrophages, dendritic and
natural killer cells to sites of inflammation through the
ChemR23 receptor [18–20]. In addition, chemerin leads to
the stimulation of intracellular signal path such as p38 and
Erk ½, which in turn causes the induction and regulation of
proinflammatory cytokines such as tumor necrosis factor al-
pha and interleukin-1β [15]. Moreover, active forms of
chemerin have been isolated from human inflammatory exu-
dates, including ovarian cancer ascites, rheumatoid arthritis,
and osteoarthritis synovial fluids and serum [21, 22].
Recently, Özcan et al. [23] demonstrated that high levels of
salivary chemerin in patients with periodontitis were correlat-
ed with the degree of tissue destruction. In addition, chemerin
was widely overexpressed in several malignant tumors
[24–28]. Although, Wang et al. [29] concluded that

overexpression of chemerin mRNA and protein was associat-
ed with tumor angiogenesis and poor clinical outcomes in
patients with squamous cell carcinoma of the tongue, yet,
the impact of chemerin on carcinogenesis remains controver-
sial and its role in OSCC is still unclear. Furthermore, the
current literature lacks evidence concerning the specificity
and sensitivity of salivary chemerin as biomarkers for detect-
ing OSCC and OPMLs.

Advances in molecular biology have revealed that matrix
metalloproteinases (MMPs) play an important role in cancer
progression, invasion, and angiogenesis [30]. MMPs are a
large gene family of zinc-dependent endopeptidases responsi-
ble for the degradation of all extracellular matrix and base-
ment membrane components in physiological and pathologi-
cal conditions. At least 26 members of the MMP family have
been discovered to date; MMP-9 (gelatinase B) being the larg-
est member of the gene family [31]. Recent literature provides
well-established evidence regarding the overexpression of
MMP-9 in cancer [32, 33]. It has also been shown that in-
creased risk for developing oral cancer is associated with
MMP-9 polymorphism [34]. MMP-9 has been demonstrated
to participate in cancer pathogenesis as they degrade type IV
collagen, elastin, and fibronectin and through the regulation of
angiogenesis [35]. Although a considerable body of evidence
has accumulated showing overexpression of MMP-9 in
OSCC tissues [36–40], surprisingly, it is still unclear whether
MMP-9 contributes to neoangiogenesis during the process of
early tumorigenesis and what specific mechanisms regulate
their production in OSCC [41].

To date, the knowledge about specific molecules involved
in malignant transformation of OPML and early detection of
OSCC has not been satisfying. Evidence-based recommenda-
tions highlighted that sensitive and specific diagnostic bio-
markers for screening of OPMLs and early detection of oral
cancer must be identified and validated to maximize treatment
efficacy for future patients [42, 43]. Although potential sali-
vary biomarkers have been identified for the diagnosis of oral
cancer [44–46], surprisingly, few studies have examined sali-
vary tumor markers in patients with OSCC. Saliva harvesting
is noninvasive, eliminate risks of contamination and easy to
use, which may make it an attractive alternative to serum
testing [47]. Salivary examination has been proposed to be
an effective modality for early diagnosis of oral cancer be-
cause of the direct contact between the oral cancer lesion
and saliva [5]. Moreover, it may provide a cost-effective ap-
proach for the screening of large high-risk populations, as
patients with OPMLs [6]. Based on the above mentioned data,
the aim of this study was to identify and compare the levels of
chemerine and MMP-9 in serum and saliva of subjects with
OPMLs, OSCC, and healthy controls. Based on the authors’
knowledge, this is the first investigation conducted in an at-
tempt to explore the diagnostic potentials of salivary chemerin
and MMP-9 as biomarkers which might be helpful in
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differentiating between OSCC and OPMLs and in early can-
cer detection.

Materials and methods

This clinical trial has been registered at ClinicalTrials.gov
(identifier NCT02323672).

Study population

The entire study sample comprised 45 individual. Fifteen sub-
jects with definitely diagnosed early stage OSCC (9 female
and 6 male; range 22 to 67 years) and 15 subjects with OPML
(10 female and 5 male; range 24 to 60 years) were enrolled in
the study as were 15 age-sex matched control subjects (8
female and 7 male; range 26 to 58 years). All OSCC patients
had recently been diagnosed with primary disease and had not
received any prior treatment in the form of chemotherapy,
radiotherapy, surgery, or alternative remedies. The group with
OPML included patients with atrophic oral lichen planus, ac-
tinic keratosis, and speckled leukoplakia. The control group
were healthy normal individuals free form any systemic dis-
ease or inflammatory oral lesions or periodontal disease.

Inclusion and exclusion criteria

All individuals enrolled in this study were selected from the
Outpatient clinic, Department of Oral Medicine and
Periodontology, Faculty of Oral and Dental Medicine, Cairo
University and National cancer institute, Cairo University dur-
ing the period from February 2014 to September 2014. A
detailed medical history of each subject was obtained accord-
ing to the detailed questionnaire of the modified Cornell
Medical Index [48]. Body mass index (BMI) was measured
based on World Health Organization guidelines. Inclusion
criteria included patients diagnosed with early (stage I or II)
OSCC or OPMLs based on oral clinical examination and con-
firmed by histopathological examination. All subjects includ-
ed in this study had clinically healthy gingiva with zero plaque
index, gingival index, and clinical attachment loss and ≤3 mm
pocket depth. Exclusion criteria included patients with sys-
temic disease, inflammatory oral lesions or periodontal dis-
ease; patient had a history of prior malignancy, immunodefi-
ciency, autoimmune disorders, hepatitis, or human immuno-
deficiency virus infection; and prior treatment in the form of
chemotherapy, radiotherapy, surgery or alternative medicine,
pregnancy or lactation, and former or current smokers.

Comprehensive oral diagnosis was carried out for all indi-
viduals enrolled in the study using the Department of Oral
Diagnosis chart. Following an explanation of the study as well
as the information about the sampling procedures, each sub-
ject signed a written informed consent form approved by the

Faculty Research Ethics committee (September 2013). After
obtaining patients’ written consent, tissue biopsy specimens
were harvested for the lesions clinically diagnosed as OPML
and processed for further histopathologic examination in order
to confirm the clinical diagnosis. The tissue specimens were
processed by the Department of Oral Pathology, Faculty of
Oral and Dental Medicine, Cairo University, and the histo-
pathologic diagnosis of all specimens was confirmed by two
oral pathologists. All of the OPMLs were found to have mod-
erate to severe epithelial dysplasia in order to qualify for en-
rollment. Seven specimens were graded as moderate epithelial
dysplasia, while eight were graded as severe epithelial
dysplasia.

Collection of samples

Serum sample collection

Peripheral venous blood samples (5 ml) were taken by stan-
dard venipuncture from patients and controls using plain
tubes. Samples were centrifuged. The clarifying supernatant
was filtered and stored at −20 °C until assayed.

Salivary sample collection

Collection of whole unstimulated saliva (WUS) was done
using standard techniques according to Navazesh [49]. At
the time of saliva collection, lesions were actively symptom-
atic. Salivary samples were obtained in the morning and sub-
jects were asked not to eat, brush their teeth, or use mouth
rinse at least 2 h prior to salivary sample collection on that day.
Samples were obtained by requesting subjects to swallow
first, tilt their head forward, and expectorate 10 ml of
unstimulated whole saliva into a sterile centrifuge tube.
After collection, the saliva was immediately centrifuged for
2 min at 10,000×g and the clarified supernatant was filtered
through a 0.45 μm low protein binding membrane, separated
into 0.5-ml aliquots and frozen at −80 °C until assayed.

Detection of human MMP-9 levels in saliva and serum
samples

Quantitation of MMP-9 levels was done using Quantikine
ELISA kit provided by R&D system Inc., Minneapolis,
USA (Catalog Number DMP900). This assay is a quantitative
sandwich enzyme immunoassay technique. A monoclonal an-
tibody specific for MMP-9 has been pre-coated onto a micro-
plate. Standards and samples are pipetted into the wells and
any MMP-9 present is bound by the immobilized antibody.
The unbound substances were removed by washing. The
enzyme-linked monoclonal antibody specific for MMP-9 is
added to all wells. A substrate solution is added to the wells
after washing to remove any unbound antibody-enzyme
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reagent. Color was developed in proportion to the amount of
MMP-9 bound in the initial step. The color development is
stopped and the intensity of the color is measured by ELISA
reader. MMP-9 levels were determined as nanogram per
milliliter.

Detection of chemerin level in saliva and serum samples

The serum and salivary levels of chemerin were measured
using the RD191136200R Human Chemerin ELISA which
is a sandwich enzyme immunoassay for the quantitative mea-
surement of human chemerin. The kit was provided by
BioVendor–Laboratorní medicína, Guang Zhou, CHINA. In
the Biovendor Human Chemerin ELISA, standards, quality
controls, and samples are incubated in microtitration wells
pre-coated with polyclonal anti-human chemerin antibody.
After a 60-min incubation followed bywashing, biotin labeled
polyclonal anti-human chemerin antibody is added and incu-
bated with the captured chemerin for 60 min. After another
washing, streptavidin-HRP conjugate is added. After 30 min
incubation and the last washing step, the remaining conjugate
is allowed to react with the substrate solution (TMB). The
reaction is stopped by addition of acidic solution and absor-
bance of the resulting yellow product is measured. The absor-
bance is proportional to the concentration of chemerin. A
standard curve is constructed by plotting absorbance values
against chemerin concentrations of standards, and concentra-
tions of unknown samples are determined using this standard
curve. Chemerin levels were determined as nanogram per
milliliter.

Statistical and power analysis

Using G power analysis program [50], sample size was deter-
mined by comparing the mean ± SD for chemerin nanogram
per milliliter in the control and cancer groups. A total sample

size of 16 patients was calculated to be sufficient to detect
effect size (f = 1.39) by considering level of significance
α = 0.05, with 80 % power. This number was increased to
30 patients (15 in each group) to increase the validity of the
results. Data were presented as mean and standard deviation
(SD) values. Wilcoxon-signed rank test was used to compare
serum and salivary values of the tested biomarkers in the three
studied groups. Analysis of variance (ANOVA) test was car-
ried out for comparing the biochemical data in different
groups at 5 % level of significance. To evaluate the diagnostic
effectiveness of the studied biomarkers and the extent to
which the obtained data could separate the different clinical
settings, receiver operating characteristic (ROC) curve analy-
sis was performed and the area under curve (AUC) presented a
direct measure of the diagnostic accuracy of the test. The
biomarker that has the largest AUC was identified as having
the strongest predictive power for detecting OSCC or OPMLs.
The best cut off value was defined for each biomarker as the
test result with the highest sensitivity and specificity and that
lied closest to the left upper corner of the curve. All data were
processed with a computerized statistical package (SPSS 15.0
for Windows, SPSS Inc., Chicago, IL).

Results

Table 1 shows demographic data for all subjects included in
this study and the tumor clinicopathological parameters of
patients with OPMLs and OSCC. All included subjects had
a normal BMI (<25 > 18.5 kg/m2). No statistical differences
were found between the three groups regarding age and BMI
(P > 0.05). The results of this investigation indicated that
serum and salivary levels of chemerin and MMP-9 in OSCC
patients were significantly elevated as compared to their levels
in patients with OPMLs as well as to their levels in the control
healthy group (P < 0.05). Furthermore, serum and salivary
levels of chemerin and MMP-9 in patients with OPMLs were

Table 1 Demographic and
clinical data of subjects Clinical characteristics of subjects OSCC (n = 15) OPMLs (n = 15) Control (n = 15)

Age (years) mean ± SD (min-max) 47.66 ± 14.07

(22–67)

42.33 ± 10.99

(24–60)

43.26 ± 11.82

(26–58)

Sex (males: females) 6:9 7:8 6:9

BMI (kg/m2) mean ± SD (min-max) 22.78 ± 1.12

(21.2–24.45)

22.41 ± 1.07

(20.76–24.02)

22.66 ± 1.52

(18.52–24.75)

Site of lesion

Tongue 6 3 –

Retromolar area 4 0 –

Labial mucosa 0 4 –

Buccal mucosa 0 7 –

Floor of mouth 5 1 –
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significantly elevated as compared to their levels in the control
healthy group (P < 0.05). In addition, a significant difference
was observed when comparing between serum levels and sal-
ivary levels of both chemerine and MMP-9 in OPMLs and
OSCC patients (P < 0.05), where the highest values for both
chemerin and MMP-9 were detected in the serum samples.
Regarding the control group, there was a significant difference
between serum and salivary levels of chemerin (P < 0.05), yet,
no significant difference was evident when comparing be-
tween serum and salivary values of MMP-9 (P = 0.1363).
Table 2 demonstrates the comparison between serum and sal-
ivary levels of chemerin and MMP-9 in all studied groups.

In order to characterize these potential biomarkers for
OSCC early prediction, ROC curve analysis was performed.
The areas under curve (AUC) values of salivary chemerin,
serum chemerin, salivary MMP-9, and serum MMP-9 were
1.00, with a 100 % sensitivity, specificity, and diagnostic ac-
curacy. Based on the distribution of sensitivities and specific-
ities, cut off/thresholds of the tested biomarkers were chosen
for detecting early stage OSCC. The current data showed a cut
off value of >6.29, 307, 260.3, and 184.5 ng/ml for salivary
chemerin, serum chemerin, salivary MMP-9, and serum
MMP-9, respectively. Therefore, cases above these cut off
values are diagnosed as having OSCC, whereas cases below
these values are diagnosed as negative (healthy) cases.
Another ROC curve was plotted to evaluate the diagnostic
value of the tested biomarkers in patients with OPMLs.
Likewise, salivary chemerin, serum chemerin, salivary
MMP-9, and serum MMP-9 revealed AUC of 1.00 with a
100 % sensitivity, specificity, and diagnostic accuracy in dis-
criminating patients with OPMLs from healthy control. The
clinically relevant cut off values of chemerin in saliva and
serum were >5.87 and >223.04 ng/ml, respectively, while
the cut off points of MMP-9 in saliva and serum were
>214.35 and >197.63 ng/ml, respectively, i.e., patients with
levels exceeding these values are diagnosed with OPMLs,
while patients having lower levels are diagnosed as healthy
subjects. Collectively, this study demonstrated that all the

tested biomarkers have the ability to differentiate the presence
or absence of both early stage OSCC and OPMLs.

In addition, to distinguish patients with OSCC from those
with OPMLs, the ROC curve analysis revealed an AUC of
0.88, 0.92, 0.99, and 0.6 for salivary chemerin, serum
chemerin, salivary MMP-9, and serum MMP-9, respectively,
(Fig. 1). Salivary MMP-9 had the highest diagnostic accuracy
(93%), whereas a cut off value of >318.74 ng/ml was detected
with 100 % sensitivity and 93 % specificity. This was follow-
ed by serum chemerin, revealing a good diagnostic accuracy
(80 %), 87 % sensitivity, and 93.3 % specificity with a cut off
value of >507.06 ng/ml. Salivary chemerin also provided a
good diagnostic accuracy (73 %), where a cut off value of
>9.19 ng/ml showed high levels of sensitivity (93 %) and
specificity (80 %). However, ROC curve analysis showed that
serum MMP-9 had the least diagnostic accuracy (46 %) for
classifying cases into malignant and premalignant, a cut off
value of 429.27 ng/ml was observed with low levels of sensi-
tivity and specificity, 53.3 and 93.3 %, respectively. The cases
above these cut off values were considered as malignant and
below these cut off values were considered as premalignant
cases.

The detailed statistics of AUC, cut off values, correspond-
ing sensitivities and specificities, and diagnostic accuracy
(Youden index value) for all of the tested biomarkers in diag-
nosing OSCC, OPMLs, and distinguishing them from each
other are listed in the Tables 3–4.

Discussion

Most OSCC is not diagnosed until an advanced stage, which
has been one of the major reasons for minimally improved
survival rate over the years. Therefore, early oral cancer de-
tection is imperative where treatment in the pre-invasive stage
offers the best prognosis and even the chance of cure [47]. The
gold standard for definitive diagnosis of oral cancer is based
on traditional stage predicted indices (TNM system) and

Table 2 Comparison of chemerin and MMP-9 levels in serum and saliva in all studied groups (ng/mL)

Body fluid OSCC (n = 15) OPMLs (n = 15) Control (n = 15) f value P value

Salivary chemerin
mean ± SD (min-max)

13.19 ± 3.75
(8.31–22.35)

9.08 ± 1.87
(7.47–14.36)

3.06 ± 0.69
(2.06–4.28)

2.832 P < 0.01

Serum chemerin
mean ± SD (min-max)

654.49 ± 149.94
(402.96–927.25)

408.04 ± 84.81
(234.98–559.92)

186.82 ± 12.91
(168.7–211.1)

2.546 P < 0.01

P value P < 0.0001 P < 0.0001 P < 0.0001

Salivary MMP-9
mean ± SD (min-max)

1642.5 ± 1498.98
(325.22–4532.78)

275.81 ± 30.88
(233.28–333.17)

108.44 ± 31.43
(73.22–195.42)

3.780 P < 0.0001

Serum MMP-9
mean ± SD (min-max)

535.43 ± 514.47
(213.36–2315.13)

355.93 ± 52.23
(239.62–455.54)

89.64 ± 35.55
(38.76–155.64)

3.784 P < 0.0001

P value P < 0.0001 P < 0.0001 P = 0.1363
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histopathological grading [51]. Unfortunately, these predictors
are subjective and relatively unreliable, with inter and intra-
observer variability [6]. Consequently, there has been an ever-
growing effort dedicated to the basic research of oral cancer,
focusing on identifying biological indicators as alternative di-
agnostic methods for early cancer detection [3, 43, 52]. To the
authors’ knowledge from indexed literature, this is the first
study in which pro-angiogenic factors like chemrine and
MMP-9 are investigated in the saliva of patients with OSCC
and OPMLs. This investigation showed that serum and sali-
vary chemerin and MMP-9 profiles were significantly

elevated in patients with OSCC compared to OPMLs and
healthy subjects as well as in patients with OPMLs compared
to control subjects. The studied biomarkers showed no corre-
lation with neither age nor BMI, thus, it can be assumed that
the differences in chemerine and MMP-9 levels between the
groups in this study do not arise from age or BMI [23].

In this study, the OPMLs group included patients
having oral lesions with a recognized tendency for ma-
lignant transformation as atrophic oral lichen planus
(OLP) and speckled leukoplakia [53, 54]. Paroloni
et al. [18] hypothesized that chemerin local production

ROC curve for differentiating OSCC from OPMLsFig. 1 The ROC curve for
salivary chemerin, serum
chemerin, salivary MMP-9 and
serum MMP-9 along with the 45
degree line of non-discrimination
(reference line) for differentiating
OSCC from OPMLs

Table 3 Results of the ROC curve analysis of serum and salivary chemerin and MMP-9 biomarkers in OSCC and OPMLs

Biomarker
(ng/ml)

Cut
off
value

Sensitivity % Specificity % PPV %
(95 % CI)

NPV%
(95 % CI)

Younden
Index
value

AUC
(95 % CI)

SE P value

OSCC vs. Control

Salivary chemerin 6.29 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

Serum chemerin 307.03 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

Salivary MMP-9 260.32 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

Serum MMP-9 184.5 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

OPMLs vs. Control

Salivary chemerin 5.87 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

Serum chemerin 223.04 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

Salivary MMP-9 214.35 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

Serum MMP-9 197.63 100.0 100.0 100.0 (29.2–100) 100.0 (87.2–100) 1.00 1.00 (0.88–1) 0.0 0.0001

PPV positive predictive value, NPV negative predictive value, AUC area under curve
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in the endothelium may orchestrate the colocalization of
dendritic and natural killer cells in OLP lesions, which
might partly explain the currently elevated levels of
chemerin observed in OPMLs like atrophic OLP. In ad-
dition, the current findings were similar to those report-
ed by Chang et al. [55]. The authors observed elevated
serum levels of MMP-9 in patients with OSCC and oral
leukoplakia compared to control subjects, suggesting
that this biomarker could identify patients at risk of oral
cancer. Furthermore, other investigations showed that
MMP-9 was expressed in tissues of oral leukoplakia
[56] and that this expression was up-regulated during
cancerization of these lesions [57]. Consistent with these
data, previous studies demonstrated that MMP-9 was
overexpressed in oral dysplastic lesions suggesting that
it might serve as a biomarker of malignant transforma-
tion [58] and even increased in more severe dysplasia
compared to those with lower degrees of dysplasia [41].
In support with this study, Chen et al. [54] observed
that MMP-9 expression was significantly higher in both
OSCC from OLP and atrophic OLP compared to non-
atrophic OLP and healthy tissue, suggesting that MMP-
9 might be a useful predictive marker for determining
the early stages of OLP cancerization. Interestingly, re-
cent reports concluded that salivary MMP-9 was higher
in habitual gutka (pre-cancerous) chewers compared
with non-chewers [59] and could be considered as a
sensitive and specific diagnostic biomarker for OLP
[60]. Based on the above mentioned studies, this inves-
tigation recommends that OLP should be carefully
followed due to the possibility of malignant transforma-
tion and definitive diagnosis should be established as
early as possible [54].

The present study observed that serum and salivary
chemerin was highly elevated in patients with OSCC
compared to OPMLs and control groups, which is in
agreement with others reporting elevated serum chemerin

levels in patients with gastric cancer [28, 61]. Moreover,
chemerin has been suggested as a potential biomarker for
cancer diagnosis [24, 27]. Although chemerin expression
was up-regulated in cancer tissues [25, 26], chemerin was
showed to be suppressed in other tumors [62, 63]. A
probable explanation for these inconsistencies is that the
expression of chemerin may vary in different types of
cancers, which are not rare phenomena in tumor biology
[64, 65]. In accordance with the present data, Wang et al.
[29] demonstrated that chemerin was overexpressed in
poorly differentiated squamous cell carcinoma of the
tongue (SCCOT) and was associated with tumor angio-
genesis as well as poor clinical outcomes. The authors
proposed that chemerin might be a novel prognostic in-
dicator for patients with SCCOT and targeting chemerin
may serve as a novel approach in cancer treatment.

Nearly, all biological activities of tumors depend on tumor
angiogenesis, where adipokine signaling plays an important
role in the development of cancer. However, the relationship
between chemerin levels and tumor angiogenesis has not yet
been explored in OSCC lesions. This study suggests that the
highly elevated serum and salivary levels of chemerine in
patients with OSCC might be attributed to its angiogenic po-
tentials. This assumption is supported by the pro-angiogenic
function of chemerin revealed by in vitro angiogenic assays
[15, 19]. Chemerin was shown to promote angiogenesis in
adipose tissue and enhance adipocyte differentiation [10].
Moreover, chemerin has been associated with markers of en-
dothelial activation [16] and had a direct association with the
vascular endothelial growth factor (VEGF) in diabetic patients
with peripheral vascular disease [66]. A recent review sug-
gested that chemerin might play a distinct role in tumor path-
ogenesis through the regulation of angiogenesis and that sup-
pression of chemerin in these specific tissues might be bene-
ficial in suppressing the tumor spread [20].

The data presented herein are in line with previous reports
showing elevated levels of serum MMP-9 in patients with

Table 4 Results of the ROC curve analysis of serum and salivary chemerin and MMP-9 biomarkers for differentiating OSCC from OPMLs

OSCC vs. OPML

Biomarker
(ng/ml)

Cut
off
value

Sensitivity % Specificity % PPV %
(95 % CI)

NPV%
(95 % CI)

Younden
Index
value

AUC
(95 % CI)

SE P value

Salivary chemerin 9.19 93 80 34.16
(7.1–72.43)

99.03
(82.78–100)

0.733 0.880
(0.75–1)

0.07 0.0001

Serum chemerin 507.06 87 93.3 59.06
(12.14–95.45)

98.46
(83.86–100)

0.80 0.924
(0.83–1)

0.05 0.0001

Salivary MMP-9 318.74 100 93.3 62.38
(15.38–95.85)

100
(86.38–100)

0.933 0.991
(0.97–1)

0.01 0.0001

Serum MMP-9 429.27 53.3 93.3 47.04
(4.16–94.0)

94.74
(78.5–99.67)

0.466 0.60
(0.36–0.84)

0.12 0.351

PPV positive predictive value, NPV negative predictive value, AUC area under curve
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OSCC [39, 67]. Similarly, numerous studies demonstrated
that MMP-9 was overexpressed in head and neck cancer as
well as OSCC [11, 39–41, 68]. Although Kousen et al. [69]
reported that the expression of MMP-9 in OSCC cells had no
prognostic role, yet the strong stromal signal of MMP-9 was
associated with poor tumor differentiation. The results of this
study are supported by previous reports suggesting thatMMP-
9 might be a useful marker for predicting early stage OSCC as
well as a good target for intervention therapy [36–38].
Recently, Monteiro et al. [40] also suggested that MMP-9
could be regarded as an important prognostic biomarker in
OSCC. As for the current demonstrated increase in salivary
MMP-9, it is worth noting that it was shown earlier to be
elevated in saliva of patients with OSCC [44, 45].

There is enough evidence that enhanced production of
MMP-9 might play a significant role in the induction of early
angiogenic events during carcinogenesis [70]. Vilen et al. [71]
suggested that MMP-9 may play a dual role, switching from a
pro-angiogenic to an anti-angiogenic molecule in cancer an-
giogenesis. MMP-9 can act as a pro-angiogenic factor during
tumorigenesis via increasing VEGF activity [35, 41, 72]. In
contrast, other studies were unable to confirm these results [7,
30, 73] which might be explained by the anti-angiogenic role
of MMP-9 proposed by Vilen et al. [71]. The variety of meth-
odologies and the low sample sizes might also explain the
discrepancy in these results.

Meanwhile, previous observations which indicate that
chemerin could induce functional angiogenesis along
with concurrent increases in MMP-9, might suggest a
potential causal relationship between chemerin-induced
MMP-9 activity and angiogenesis. For instance,
chemerin has been shown to induce MMP-9 in human
endo the l i a l ce l l s and o the r MMPs in human
chondrocytes [15, 19]. Kaur et al. [15] demonstrated
that chemerin leads to the formation of new blood ves-
sels through various signaling pathways, including
MAPK, Akt, and activation of endothelial gelatinases
(MMP-2/-9), promoting endothelial cell proliferation,
migration, and capillary tube formation. Considering
that enhanced gelatinase (MMP-2/-9) production is a
feature of early vascular remodeling and dysregulated
angiogenesis that contributes to endothelial barrier dys-
function [74], hence, a chemerin-induced increase in
MMP-9 activity suggests a potential functional associa-
tion between the chemerin/chemR23 system and angio-
genesis [15, 17]. In addition, Wang et al. [61] found
that chemerin stimulated cancer cell invasion in vitro
through induction of MMPs. However, the current liter-
ature lacks studies correlating the relation between
chemerin and MMP-9 whether in saliva or in serum,
thus future research is required to elucidate the precise
role of MMP-9 in chemerin-induced angiogenesis. Still,
whether the increased chemerin observed in this study

might regulate OSCC angiogenesis through increasing
MMP-9 levels, needs to be further explored.

In a recent systematic review, Guerra et al. [52] concluded
that only few salivary biomarkers used to early diagnose head
and neck cancer were diagnostically accurate. An ideal diag-
nostic biomarker should have high disease sensitivity and
specificity, mandatory presence in all affected patients, and
provide a cut off value with minimal overlap between normal
and disease states. In view of that, all the tested biomarkers in
this investigation revealed an excellent diagnostic perfor-
mance (100 %) with 100 % sensitivity and specificity in dis-
criminating OSCC patients as well as patients with OPMLs
from healthy controls. In an attempt to differentiate between
patients with OSCC and those with OPMLs, results of the
ROC curve analysis for salivary MMP-9 and serum chemerin
revealed an AUC of 0.99 and 0.92, with high levels of sensi-
tivity (100 and 87 %), specificity (93.3 %), and diagnostic
accuracy 93 and 80 %, respectively. This was followed by
salivary chemerin with an AUC of 0.8 with high levels of
sensitivity (93 %) and specificity (80 %). The present study
suggests that these biomarkers might have a diagnostic utility
as surrogate indicators of carcinogenic transformation from
premalignant to malignant condition in oral cancer. This
agrees with other reports in the literature showing that early
angiogenic activity may play a role in promoting tumor pro-
gression in epithelial dysplasia [8, 9]. However, this investi-
gation showed that sensitivity and specificity were very low
for serum MMP-9 with an AUC of 0.6 bringing to light the
limits of this marker to distinguish OSCC from OPMLs.

Adipokines are believed to act through their effects on in-
sulin sensitivity and hence altered levels of these hormones
were associated with diabetes mellitus. In recent years, re-
searchers have examined the potential link between chemerin
and the pathogenesis of insulin resistance, obesity, and meta-
bolic syndrome. Chemerin serum levels were discovered to be
higher within the serum of patients with type 2 diabetes
mellitus than in the normal-glucose-tolerant groups [75].
The increasing research in this area is gradually revealing
the complex adipokine-mediated interplay among adipose tis-
sue and metabolic disorders. Accordingly, the preliminary re-
sults presented in this study encourage future research to eval-
uate the prognostic potentials of chemerin as biomarker for
oral cancer detection in patients suffering from diabetes
mellitus. The current investigation paves the way for further
clinical studies to examine the discriminatory power of sali-
vary chemerin as an oral screening test, in the flesh patients
withOPML andOSCCwhomight also have impaired glucose
tolerance, diabetes, and obesity.

In conclusion, within the limitations of this study, salivary
chemerin and MMP-9 might be considered as biomarkers for
detecting malignant transformation of OPMLs and diagnosing
early stage OSCC and OPMLs. This investigation proposes
highly sensitive salivary diagnostic biomarkers that may be
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applied as a potential technique for oral cancer screening and
early detection of OSCC [76]. Nevertheless, it must be noted
that this salivary analysis may be regarded as an aid and not as
a replacement for other well-established diagnostic tools avail-
able for oral cancer [6]. In addition, the efficacy of these bio-
markers can only be determined through well-designed, large,
prospective multi-institutional trials, where identification of
early cancer changes may be useful in selecting patients for
early interventional therapies. Further studies are also warrant-
ed to elucidate the molecular mechanisms regulating MMP-9
in chemerin-induced angiogenesis of oral cancer and prema-
lignant conditions.
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