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Abstract: Type IV collagen (Col IV) is an important protein in the basement membrane (BM), which can regulate the
attachment of epithelium and the lamina propria. To test the hypothesis that Col IV may play a significant role in the
progression of oral leukoplakia, we have observed the morphology and distribution of Col IV in 40 patients with oral
leukoplakia (epithelial hyperplasia and dysplasia). The results showed that the expression of Col IV in the BM was
continuous in normal oral mucosa, while it was non-continuous or fragmented in epithelial dysplasia by immunofluo-
rescent staining. Consequently, to analyze the correlated factors of the Col IV destruction, the expressions of gelati-
nase (MMP-2 and MMP-9) and tissue inhibitor of metalloproteinases -1 (TIMP-1) were detected in oral leukoplakia
tissues by immunochemical staining. Then statistical analyses were performed to determine their correlations with
Col IV levels. The statistics showed that the decreasing of Col IV was closely related to the increasing of MMP-9 in
both epithelial hyperplasia and dysplasia (P < 0.05), while MMP-2 expression was closely related to the increasing
of Col IV expression in epithelial dysplasia (P < 0.05). Therefore, monitoring changes in the expression of Col IV,

gelatinase and TIMP-1 is a useful technique for assessing prognosis of oral leukoplakia.
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Introduction

Oral leukoplakia (OLK) is a predominantly white
patch or plaque and represents a potentially
precancerous lesion in oral mucosa, which can-
not be characterized by any other definable
lesion or known disease (WHO) [1-4]. Based
on the clinical and pathological criteria, it is
classified into epithelial hyperplasia and dys-
plasia [3]. The presence of dysplasia is a pre-
dicting malignant transformation factor for oral
squamous cell carcinoma (OSCC) with the frag-
ment of type IV collagen (Col IV) in basement
membranes (BM) [5]. Most attention has been
paid to the development of OSCC. However,
there is still no consensus on the most appro-
priate diagnosis and management of oral leu-
koplakia [6]. The aims of this study include the
evaluation of the potential factors associated
with the genesis and development of oral
leukoplakia.

Matrix metalloproteinases (MMPs) and their
inhibitors are known to be associated with inva-
sive lesions and the genesis of carcinomas
through the extracellular matrix remodeling.
However, little is known about their role in pre-
cancerous lesions, such as oral leukoplakia.
During the progression of epithelial dysplasia
into carcinoma, the destruction of basement
membrane is a critical event [7, 8]. MMPs are
thought to constitute an important mechanism
for the destruction of Col IV in the BM [9].
Gelatinase, one member of MMPs family, is
divided into gelatinase A (the 72 kDa, MMP-2)
and gelatinase B (the 92 kDa, MMP-9). They
can degrade extracellular matrix and type IV
collagen in BM [10, 11]. The tissue inhibitors of
metalloproteinases-1 (the 28.5 kDa nonglyco-
sylated protein TIMP-1), provides a stable level
of anti-MMP activity in tissues [7, 9]. It could
forms a 1:1 complex with all activated MMPs,
including gelatinase [12].
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Therefore, research on the gelatinase that
mediate in the development of oral leukoplakia
and the distribution or morphology of Col IV in
basement BM is very necessary. In this study,
the expression of gelatinase and TIMP-1, and
the changes in the morphology of Col IV were
investigated. Then their relationship during the
progression of oral leukoplakia was analyzed to
determine whether these results can be used
to assess the prognosis of of oral leukoplakia
disease.

Material and methods
Patients

We collected 40 tissues samples from oral leu-
koplakia (20 for epithelial hyperplasia and 20
for epithelial dysplasia) patients diagnosed and
treated at the Department of Oral Medicine,
Peking University School of Stomatology
(Beijing, China). 20 tissue samples of normal
tissues were obtained from oral mucosa adja-
cent to the mucous cyst or trauma. Clinical and
pathological diagnoses were made according
to modified WHO diagnostic criteria for oral leu-
koplakia [1-3, 13]. All participants were infor-
med with consent. The study was approved by
the Peking University Biomedical Institutional
Review Board (IRBO0001052-12007).

Histological and immunochemical analysis

Samples were fixed with 4% formalin and
embedded. They were sectioned at 4 ym thick-
ness and stained with H&E staining for diagno-
sis. Sections adjacent to the H&E staining were
deparaffinized with xylene and then rehydrated
in graded ethanol. 3% hydrogen peroxide was
used to block the endogenous peroxidase activ-
ity for 20 min. After sections were treated with
heated antigen retrieval solution, 5% bovine
serum albumin (BSA) was applied to inhibit
non-specific antigens for 15 min. The tissue
section was then incubated with primary anti-
bodies overnight in a humidified chamber at
4°C respectively. For immunofluorescent stud-
ies, sections were incubated overnight with
primary antibody mouse anti-human Col IV
(1:200, Abcam, Cambridge, MA, USA), followed
by Rhodamine-conjugated secondary antibod-
ies (Bioworld Technology). Then samples were
observed under a confocal laser scanning
microscope (LSM 5, Carl Zeiss, Oberkochen,
Germany). For immunohistochemical analysis,
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sections were incubated overnight with primary
antibody rabbit anti-human MMP-2 (1:100),
MMP-9 (1:100), TIMP-1 (1:200, Bioworld Tech-
nology, St. Louis Park, MN, USA). Immuno-
histochemical staining was performed by the
universal two-step method. Subsequently, they
were treated with the corresponding secondary
antibody (PV6000, Zhongshan Goldenbridge
Biotechnology, Beijing, China) for 30 min at
37°C. Then the antibody reaction was visual-
ized using diaminobenzidine (DAB) chromogen
(Zhongshan Goldenbridge Biotechnology). All
slides were counterstained with hematoxylin.
Sections were incubated with immunoglobulins
of the same species at the same final concen-
trations as negative controls, and oral squa-
mous cell carcinoma tissues were used as posi-
tive controls.

Evaluation of immunochemical results

All collected samples were reviewed by two
independent investigators who were blinded to
the clinical manifestation of the patients.
Compared to normal tissue, the basement
membrane alterations were evaluated as fol-
lows: Grade 1: N, normal (well-defined border-
line with thin linear staining); Grade 2: TBM,
thickened basement membrane; Grade 3: G,
gaps in the continuity of the basement mem-
brane; Grade 4: DBM, disrupted basement
membrane [14-16]. Based on previous studies,
the grading of staining intensities observed in
the epithelial and mesenchymal tissues was on
a scale of O to 3 as follows: 0, 0-25%, negative;
1, 25-50%, mild; 2, 50-75%, moderate and 3,
75-100%, strong [1, 4, 14, 17].

Statistical analysis

The statistical analysis was performed by using
SPSS software version 13.0. The statistics of
expression of Col IV, MMP-2, MMP-9 and TIMP-
1 in normal oral mucosa, epithelial hyperplasia
and epithelial dysplastic were described as the
mean * standard deviation. The associations
between immunochemical results and clinic-
pathologic parameters were analyzed by using
¥x2 test with the chi-square or Fisher’'s exact
test. Pearson Correlation coefficient test was
applied for examining the correlations among
the expressions of MMP-2, MMP-9, TIMP-1 and
Col IV. P-values < 0.05 were regarded to be sta-
tistically significant.
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Figure 1. Clinical manifestations, histopathological features and expressions type IV collagen (Col IV) in normal
oral mucosa and oral leukoplakia. Clinical manifestations of normal oral mucosa (A) and oral leukoplakia (B). His-
topathologic features of normal oral mucosa (C) epithelial hyperplasia (D) and epithelial dysplasia (E) by H&E stain-
ing. Col IV expression in the basement membrane (BM), continuous in normal oral mucosa (F), gaps in epithelial
hyperplasia (white arrows in G) and discontinuity in epithelial dysplasia (white arrows in H) by immunofluorescent

staining. Scale bar = 100 um.

Table 1. Association between Col IV expression and clinic-pathological parameters

Col IV Grade 1 Grade 2 Grade 3 Grade 4 p
Age (years)
Mean + SD 47.23+15.39 53.67+11.34 56.57+12.45 46.67+7.04 0.283
Gender (%)
Male 16 (53.33%) 6 (20%) 4 (13.33%) 4 (13.33%) 0.982
Female 17 (56.67%) 6 (20%) 4 (13.33%) 3 (10%)
Sites (%)
Tongue 11 (42.3%) 6 (23.08%) 5 (19.23%) 4 (15.38%) 0.283
Buccal and/or labial 22 (66.67%) 5 (15.15%) 3(9.09%) 3(9.09%)
Others 0 1 0 0
Parameters
Oral mucosa (%) 17 (85%) 2 (10%) 1 (5%) 0 <0.01
Epithelial hyperplasia (%) 10 (50%) 7 (35%) 3 (15%) 0 (%)
Epithelial dysplasia (%) 6 (30%) 3 (15%) 4 (20%) 7 (35%)

Results
Histological analysis

The clinical manifestation of oral leukoplakia
was presented as a white patch or plaque
(Figure 1B), which is different from normal oral
mucosa (Figure 1A). According to histopatho-
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logical criteria, the number of epithelial cells
were increasing in the spinous layer and basal
layer in epithelial hyperplasia (Figure 1D).
Epithelial cell atypia and the stratification disor-
der were shown in epithelial dysplasia (Figure
1E), compared to normal oral mucosa (Figure
1C).
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Figure 2. Comparative immunolocalization of MMP-2, MMP-9 and TIMP-1 (E and S indicate the epithelium and
subepithelial mesenchyme respectively). The expression of MMP-2, MMP-9 and TIMP-1 in normal oral mucosal
epithelium and subepithelial mesenchyme were weak positive (A-C). MMP-2 expression was mainly located in the
cytoplasm of mesenchymal cells and proliferating epithelial cells in epithelial hyperplasia and epithelial dysplasia (D
and G). MMP-9 expression was increasing in epithelial hyperplasia and epithelial dysplasia, mainly in proliferating
epithelial cells and mesenchymal cells around the blood vessels (asterisks in E and H). TIMP-1 expression are scat-
tered in the cytoplasm of mesenchymal cells and epithelial cells in epithelial hyperplasia and epithelial dysplasia

(Fand ).

Immunochemical analysis

Col IV presented as a continuous linear struc-
ture below basal cells in most normal oral
mucosa (Figure 1F). Association between Col
IV expression and clinic-pathological parame-
ters was shown in Table 1. Col IV in epithelial
hyperplasia was observed as thickened BM
(35%) or with gaps in the continuity (15%) of the
BM (Figure 1G). No BM fragmented either in
normal oral mucosa or epithelial hyperplasia.
However, the expression of Col IV in the BM was
thickened, with gaps in the continuity and non-
continuous or fragmented (Figure 1H) in epi-
thelial dysplasia (70%).

Positive expression of MMP-2 was observed in

the cytoplasm of proliferating epithelial cells
and in mesenchymal fibroblasts and microvas-
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cular endothelial in normal oral mucosa (Figure
2A), epithelial hyperplasia (Figure 2D) and epi-
thelial dysplasia (Figure 2G). Association
between MMP-2 expression and clinic-patho-
logical parameters was shown in Table 2. The
expression of MMP-2 in the epithelial and mes-
enchymal cells of normal oral mucosa was neg-
ative or weak positive (35%). Its expression was
increased in epithelial hyperplasia (50%) and
epithelial dysplasia (80%).

Positive expression of MMP-9 was observed in
the cytoplasm of proliferating epithelial cells
and in mesenchymal fibroblasts and microvas-
cular endothelial in normal oral mucosa (Figure
2B), epithelial hyperplasia (Figure 2E) and epi-
thelial dysplasia (Figure 2H). Association
between MMP-9 expression and clinic-patho-
logical parameters was shown in Table 3. The
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Table 2. Association between MMP-2 expression and clinic-pathological parameters

MMP-2 Score O Score 1 Score 2 Score 3 p
Age (years)
Mean = SD 46.56+15.594 51.18+11.98 46.3311+11.6 52.25+11.25 0.537
Gender (%)
Male 10 (33.33%) 8 (26.67%) 7 (23.33%) 5 (16.67%)
Female 15 (50%) 3 (10%) 5 (16.67%) 7 (23.33%) 0.296
Sites (%)
Tongue 10 (38.46%) 5 (19.23%) 5 (19.23%) 6 (23.08%)
Buccal and/or labial 14 (43.75%) 5 (15.63%) 7 (21.88%) 6 (18.75%) 0.96
Others 1 (50%) 1 (50%) 0 0
Parameters
Oral mucosa (%) 13 (65%) 2 (10%) 3 (15%) 2 (10%)
Epithelial hyperplasia (%) 10 (50%) 4 (20%) 3 (15%) 3 (15%) 0.136
Epithelial dysplasia (%) 4 (20%) 4 (20%) 5 (25%) 7 (35%)
Table 3. Association between MMP-9 expression and clinic-pathological parameters
MMP-9 Score O Score 1 Score 2 Score 3 p
Age (years)
Mean + SD 47.73+15.51 47.75+11.68 48.36+12.49 53.29+7.27 0.801
Gender (%)
Male 14 (46.67%) 7 (23.33%) 4 (13.33%) 5 (16.67%) 0.496
Female 16 (53.33%) 5 (16.67%) 7 (23.33%) 2 (6.67%)
Sites (%)
Tongue 13 (54.17%) 5 (20.83%) 4 (16.67%) 2 (8.33%) 0.105
Buccal and/or labial 16 (47.06%) 6 (17.65%) 7 (20.59%) 5 (14.71%)
Others 1 (50%) 0 1 (50%) 0
Parameters
Oral mucosa (%) 14 (70%) 3 (15%) 3 (15%) 0 0.048
Epithelial hyperplasia (%) 11 (55%) 5 (25%) 2 (10%) 2 (10%)
Epithelial dysplasia (%) 5 (25%) 4 (20%) 6 (30%) 5 (25%)

expression of MMP-9 in the epithelial and mes-
enchymal cells of normal oral mucosa was neg-
ative or weak positive (30%). Its expression was
increased in epithelial hyperplasia (45%) and
epithelial dysplasia (75%). The expression of
MMP-9 in mesenchyme was mainly around the
blood vessels.

Positive expression of TIMP-1 was scattered in
the cytoplasm of epithelial and mesenchymal
cells in normal oral mucosa (Figure 2C), epithe-
lial hyperplasia (Figure 2F) and epithelial dys-
plasia (Figure 2I). Association between TIMP-1
expression and clinic-pathological parameters
was shown in Table 4. The expression of TIMP-1
in the epithelial and mesenchymal cells of nor-
mal oral mucosa was negative or weak positive
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(30%). Its expression was increased in epitheli-
al hyperplasia (40%) and epithelial dysplasia
(55%).

Association between the expression of MMP-2,
MMP-9, TIMP-1 and Col IV Pearson correlation
coefficient analysis revealed that the expres-
sion of MMP-9 was negatively correlated with
Col IV expression in epithelial hyperplasia (P =
0.024, Figure 3B). The expression of MMP-2
and TIMP-1 was not correlated with Col IV
expression in epithelial hyperplasia (P = 0.255
and P = 0.937, respectively; Figure 3A and 3C).
The expression of MMP-2 and MMP-9 were
negatively correlated with Col IV expression in
epithelial dysplasia (P = 0.026 and P = 0.003,
respectively; Figure 3D and 3E). There was no
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Table 4. Association between TIMP-1 expression and clinic-pathological parameters

TIMP-1 Score O Score 1 Score 2 Score 3 p
Age (years)
Mean + SD 48.69+14.56 48.67+11.28 47.25+13.41 48.8+12.83 0.994
Gender (%)
Male 15 (50%) 7 (23.33%) 3 (10%) 5 (16.67%) 0.091
Female 20 (66.67%) 5 (16.67%) 5 (16.67%) 0
Sites (%)
Tongue 13 (560%) 6 (23.08%) 4 (15.38%) 3 (11.54%) 0.928
Buccal and/or labial 20 (62.5%) 6 (18.75%) 4 (12.5%) 2 (6.25%)
Others 2 0 0 0
Parameters
Oral mucosa (%) 14 (70%) 4 (20%) 2 (10%) 0 0.58
Epithelial hyperplasia (%) 12 (60%) 4 (20%) 2 (10%) 2 (10%)
Epithelial dysplasia (%) 9 (45%) 4 (20%) 4 (20%) 3 (15%)
A B C
3 . T =~
. N o
= =1
(T = 0267 T 0 r=-0502 . odr=-0019 .-
p = 0.255 p =0.024 - P=0937 .
T T I ] T T T T I ) T . T . T
Graded Grade3 Grade2 Gradel Graded Grade3 Grade2  Gradel Graded  Grade3  Grade2  Gradel
Col IV Col IV Col IV
D E F
3
o cn —
el e e
= =
s s E—
r=-0.497 I =-0.087
p =0.026 p =0.003 p=0717 """ T
0 0 \\a 0
(iwldc-l Gnlach Gn:ch Gra'dcl G.-.'.M Glrach Gla'dc:Z Glladcl G,:,,m Gr:ldcii Gr:lmcz Gmldcl
Col IV Col IV Col IV

Figure 3. Association between expressions of MMP-2, MMP-9, TIMP-1 and Col IV in patients with oral leukoplakia by
Pearson correlation test. The association between the expression of Col IV with MMP-2 (A), MMP-9 (B) or TIMP-1 (C)
in epithelial hyperplasia. The association between the expression of Col IV with MMP-2 (D), MMP-9 (E) or TIMP-1 (F)
in epithelial dysplasia. r represents the coefficient of correlation. P < 0.05 was regarded to be statistically.

correlation between the expression of Col IV
and TIMP-1 in epithelial dysplasia (p=0.717;
Figure 3F).

Discussion

Col IV attached to the BM can effectively pre-
vent harmful substances penetrating to the
lamina propria and restrain pathological stimu-
lating factors acting on oral mucosa [18-20].
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Previous study showed when Col IV reduced,
fragmented and dissolved completely, cancer
cells could invade to the lamina propria in oral
squamous cell carcinoma (OSCC) [1, 4], and
about 17% to 35% of the oral leukoplakia cases
could undergo malignant transformation into
OSCC [2, 21, 22]. Therefore, we conducted this
study to detect the integrity of Col IV in oral leu-
koplakia. We found that Col IV gradually

Int J Clin Exp Pathol 2017;10(8):8535-8543
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reduced, fragmented or collapsed from epithe-
lial hyperplasia to epithelial dysplasia with the
development of oral leukoplakia. The reduction
of Col IV may be an implication that the destruc-
tion of BM in the phase of oral leukoplakia.
Thus it is necessary to analyze the cause for
Col IV distribution in the BM of this disease.

MMPs play a direct role in the evolution and
promotion modulation of the growth of primary
tumor, accompany with the destruction of BM
[23, 24]. Gelatinase (MMP-2 and MMP-9)
expression has been reported in various carci-
noma [25, 26]. To our knowledge, the clinical
significance of MMP-2 and MMP-9 in the devel-
opment of oral leukoplakia has not been dem-
onstrated. Thus in this study, the expressions
of MMP-2 and MMP-9 were evaluated in 40
oral leukoplakia tissue samples. They were
observed in the cytoplasm and plasma mem-
brane of proliferating epithelial cells, as well as
in the mesenchymal cells. We found that
MMP-2 expression was not correlated to Col IV
expression in epithelial hyperplasia, while it
was negatively correlated to Col IV in epithelial
dysplasia. MMP-9 expression was negatively
correlated to Col IV expression in epithelial
hyperplasia and dysplasia.

Mesenchymal cells can act as ‘promoters’, with
cancer cells as the ‘initiators’ of carcinogenesis
[27-29]. The expression of MMP-2 and MMP-9
has been reported to be localized in the cyto-
plasm of tumor and stromal cells in carcinoma
[1, 4, 30]. It's necessary to pay an attention to
the changes of MMP-2 and MMP-9 in precan-
cerous lesions, which may be a risk factor in
the progression of oral leukoplakia. MMP-9 has
also been shown the implication for the inva-
sion of cancer cells in previous research [31].
Taken together, with the negative correlation of
MMP-9 and Col IV expression in epithelial
hyperplasia and dysplasia, the results suggest
that MMP-9 expression may be an early event
in oral leukoplakia.

The effects of MMPs are regulated by the activi-
ties of the tissue inhibitors of metalloprotein-
ases (TIMPs) [7, 32, 33]. TIMP-1 could form a
1:1 complex with all activated MMPs and with
pro-MMP-9 [12]. Recent reports suggested
that TIMP-1 primarily complexed with MMP-9
[34]. As the negative correlation of MMP-9 and
Col IV expression was in both types of oral leu-
koplakia, we selected TIMP-1 to study. We
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found the expression of TIMP-1 was not corre-
lated with Col IV expression neither in epithelial
hyperplasia nor epithelial dysplasia. TIMPs
could provide a stable level of anti-MMP activity
in the extracellular matrix [32, 34]. Their func-
tions were depending on their concentration
and the presence of extracellular matrix [35].
Therefore, it suggested that increasing TIMP-1
in oral leukoplakia may be helpful for prevent-
ing the destruction of gelatinase for BM in
some aspect. However, in-depth studies are
still warranted to determine the role of MMPs
and their inhibitors in the genesis and develop-
ment of oral leukoplakia.

Conclusions

In this study, the expression of Col IV in the BM
of oral leukoplakia was found different from
that in the normal oral mucosal tissues, partic-
ularly it was non-continuous or fragmented in
epithelial dysplasia. Meanwhile there were
more expressions of gelatinase (MMP-2 and
MMP-9) in the oral leukoplakia than that in the
normal oral mucosal tissues, which implied
that gelatinase played an important role in the
genesis and progression of oral leukoplakia.
Specifically, the increased levels of gelatinase
was related to the Col IV destruction of BM in
epithelial dysplasia. It was found that the
decreasing of Col IV was closely related to the
increasing of MMP-9 in both epithelial hyper-
plasia and dysplasia, while MMP-2 expression
was closely related to the increasing of Col IV
expression in epithelial dysplasia. Thus moni-
toring changes in the expression of Col IV, gela-
tinase and TIMP-1 is a useful technique for
assessing prognosis of oral leukoplakia.
However, specific mechanisms of the Col IV,
gelatinase and TIMP-1 actions merit further
investigate and ascertain, and they will be
adressed in our future research work.
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