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Background: Oral leukoplakia is the most common oral mucosal disease. A proportion of
such cases can progress to oral squamous cell carcinoma (OSCC). The mechanism of oral
leukoplakia malignant transformation is still unclear. In this study, we analyzed the expres-
sion of parathyroid hormone-like hormone (PTHLH) in oral leukoplakia and the effect on
prognosis, so as to find reliable molecular markers that can predict oral leukoplakia malig-
nant transformation.

Methods: We measured PTHrP which is coded by PTHLH in oral leukoplakia tissues of 79
cases (30 cases progressed to OSCC and 49 did not) and analyzed the clinical outcomes.
Then, PTHLH expression was reduced using lentivirus-mediated small hairpin RNA
(shRNA) interference to determine the biological role of PTHLH in DOK cells.

Results: PTHrP was found to be highly expressed in 38% of tissues of oral leukoplakia.
There was weak or no PTHrP expression in 25 patients, moderate expression in 24 patients,
and strong in 30 patients with oral leukoplakia. The expression level was associated with the
degree of atypical hyperplasia and poor prognosis. The cell proliferation, invasion, migra-
tion, cell cloning, and cell cycle were affected after reducing PTHLH expression.
Conclusion: Our data suggest that either PTHLH or PTHrP plays a key role in the
malignant transformation of oral leukoplakia and might be a reliable biomarker for predicting
the carcinogenesis of oral leukoplakia.
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Introduction

Oral leukoplakia, also classified as an oral mucosal disease, is a precancerous
lesion, which refers to a white or grayish-white keratotic disorder that cannot be
characterized as any other specified disease, either clinically or histologically.'~
Patients with oral leukoplakia do not generally have any symptoms, although some
might experience an uncomfortable feeling of pain when eating a stimulating food.>
The pathogenesis of oral leukoplakia is still not clear. Long-term smoking, tooth
friction, Candida albicans infection, alcohol consumption, etc. are considered high-
risk factors for oral leukoplakia.*”” As a result, nonspecific treatments are used to
cure the disease.

The purpose of treating oral leukoplakia is to prevent transformation. According
to literatures, 1~47% of oral leukoplakia cases have a malignant transformation
potential due to different clinical features and medical history.*’ Defining the
degree of atypical hyperplasia of epithelial cells is still the current method to
predict a malignant transformation;'® however, a morphological assessment of the
atypical hyperplastic cells presents a certain amount of subjectivity. Therefore, there
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is no specific or objective method of monitoring to predict
the prognosis of oral leukoplakia. Finding objective bio-
markers that are better than histopathological observations
to predict the prognosis of oral leukoplakia is our major
challenge. To some extent, this can prevent the malignant
transformation of oral leukoplakia and explain the
mechanism of carcinogenesis more accurately.

Oral leukoplakia can gradually progress into oral squa-
mous cell carcinoma (OSCC), which is considered to be
a multistep and complex process. In recent years, more
and more genes have been involved in the development of
OSCC, which might be a molecular target for cancer
therapy.''™* Due to close relation of gene imbalance to
oral cancer, salivary biomarkers become more important in
the diagnosis and prognosis of oral cancer.'* For example,
salivary IL-8, IL-6 and TNF-a were recognized as poten-
tial diagnostic biomarkers for oral cancer.'> Parathyroid
hormone-like hormone (PTHLH), that encodes for para-
thyroid hormone-related protein (PTHrP) secreted by few
normal tissues and many tumor cells in an autocrine or
paracrine manner, is found to be upregulated in many
tumors, including OSCC.'*'® In our previous study,"
PTHLH mRNA and PTHrP protein were found to be
upregulated in OSCC with an effect on the biological
functions of OSCC cells, suggesting that PTHLH plays
an important role and might be an oncogene in OSCC
carcinogenesis. In this study, the PTHLH gene was further
analyzed to discover genes critical to malignant transfor-
mation of oral leukoplakia and to provide an objective
basis for predicting its prognosis.

Patients and Methods

Patients and Specimens

In this study, samples were obtained from 79 patients who
were diagnosed with oral leukoplakia and had not under-
gone any treatment between 2010 and 2018. All samples,
obtained by surgical incisional biopsy, with complete fol-
low-up information were available from the Department of
Stomatology, Affiliated Hospital of Xuzhou Medical
University. Then, patients who underwent any previous
treatments such as drugs, laser or traditional Chinese med-
icine and so on were ruled out. Full data of 79 patients
including basic information and clinicopathological data
were obtained to analyze the correlation between PTHrP
levels and clinicopathological parameters. Samples were
embedded and then stained with hematoxylin and eosin to
analyze the pathological diagnosis, the degree of keratosis

and atypical hyperplasia. The pathological diagnosis and
atypical hyperplasia were confirmed by two experienced
pathologists. Each of the patients involved signed a written
informed consent form, and the work was approved by the
Medical Ethics Committee of the Affiliated Hospital at
Xuzhou Medical University.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue was cut into 4
pm sections. The procedure was performed according to
the instructions in the ABC Kkit; the tissue sections were
deparaffinized in xylene and rehydrated in graded ethanol,
and then were boiled and treated with citrate buffer for 15
minutes for antigen retrieval. Tissue sections were incu-
bated with rabbit polyclonal PTHrP antibody (1:150;
Bioworld, USA) at 4°C overnight, followed by incubation
with a biotinylated secondary antibody for half an hour at
room temperature, and finally stained with diaminobenzi-
dine (DAB) (Dako, Denmark). The staining index was
divided into scores of 0, 1, 2, and 3 according to the
staining intensity. In this study, the percentage of positive
epithelial cells expressed as 0—100% was analyzed by two
experienced pathologists. The total score was calculated
by multiplying the staining intensity index by the percen-
tage of positive epithelial cells. Then, the scores were
ranked from low to high and divided into three groups to
determine the weak, moderate, and strong expression of
PTHrP.

Cell Culture

Two oral leukoplakia cell lines, including DOK and Leuk-
1 cells (purchased from Shanghai Baili Biotechnology Co.,
Ltd), were cultured in KSF medium (GIBCO-BRL) with
25 pg/mL BPE and 0.2 ng/mL recombinant epidermal
growth factor (rEGF) (Invitrogen, USA). All cells were
cultured in a 5% CO,, 37°C cell incubator.

ShRNA Knockdown

Three PTHLH-targeted shRNAs and negative control sShRNA
CONO077 (named psc4504-1) were purchased from Shanghai
Genechem Co., Ltd. The PTHLH- targeted shRNA sequences
were 5-ACGATTCTTCCTTCACCAT-3' for (psc15995-1),
5'- AGATACCTAACTCAGGAAA-3' for (psc15996-1), and
5'- AAGATTTACGGCGACGATT-3' for (psc15997-1). The
negative  control ~ shRNA  sequence  was 5"
TTCTCCGAACGTGTCACGT-3" which shows no homolo-
gous sequencing to human genes. For more convenience, we
marked them as KD1, KD2, and KD3, respectively; also, the
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negative control psc4504-1 was named as NC group. All
transfection experiments were performed according to the
manufacturer’s protocols. The protocols were as follows: the
two abovementioned cells were inoculated into a six-well plate
containing 3 mL culture solution. Subculture was carried out
when the cell density reached 80% in order to maintain a good
growth state. 6~10x10" cells were cultured in a six-well plate
containing 2 mL culture solution, exchanged 1mL of culture
solution and then an appropriate amount of virus (MOI
values were 10 and 20, respectively, for DOK and Leuk-1
cells) was added when the cell density reached 20%. Then,
conventional culture medium replaced the above culture med-
ium when the cells were infected for 16 hours and the next
experiments were carried out 72 hours after cell infection.

Western Blot

Cells were washed with PBS buffer and harvested in an
SDS lysis buffer (Beyotime, China); then, the proteins
were boiled and the concentrations were analyzed to
ensure consistent protein quality, and the total protein
lysate was separated by SDS-PAGE. The target protein
was then transferred to a PVDF membrane and blocked
with 1% non-fat milk for an hour at room temperature,
then incubated with primary antibodies against PTHrP
(rabbit, Proteintech) and GAPDH (mouse, Santa Cruz)
for two hours at room temperature or 4°C overnight, and
secondary antibodies labeled with IRDye™ 800. In this
study, PVDF membrane was washed using phosphate-
buffered saline (PBS) buffer after each step. Finally, an
Odyssey Infrared Imaging System (Rockland, USA) was
used to detect specific immunoreactivity.

RNA Extraction

Cells were washed using PBS buffer after 72 hours infection,
the total RNA was extracted from cells using Trizol reagent
(Invitrogen, USA), and the major procedures included cell
lysis, iodoform extraction, ethanol purification and RNA
dissolution. The specific steps were as follows: about 5%x10°
cells were harvested and lysed for ten minutes by 1 mL cold
TRIzol reagent, and then 200 pL iodoform reagent was
added upon to react for 10 minutes. The supernatant was
collected after centrifuge for 15 minutes, and then an equal
volume of isopropanol was added to precipitate RNA and
centrifuge for 15 minutes, followed by 1 mL of 75% ethanol
to purify RNA and centrifuge for 5 minutes. Finally, RNA
was precipitated in the centrifuge tube after discarding the
supernatant and it was then dissolved by 30 uL DEPC water.

Then, finally RNA converted to cDNA using the SuperScript
reverse transcriptase reagent kit (Takara, Japan).

Real-Time PCR

Real-time PCR amplification systems include cDNA 1 pL,
SYBR Premix E x Tap 20 pL, ROX Reference Dye 0.4
uL, forward primers 0.4 pL, reverse primers 0.4 uL, and
sterile distilled water 7.8 pL. Real-time PCR was per-
formed according to the SYBR Premix ExTap DNA poly-
merase kit instructions (Takara, Japan). And then the ABI
7300 real-time PCR system (ABI, USA) was used to
complete the PCR amplification. The results of PCR
were analyzed using the 272" method, where ACt indi-
cated the difference between the target gene Ct values and
GAPDH Ct values, and AACt indicated the difference
between the ACt of the experimental and control groups.

Primer Sequences for PTHLH

The forward primer was 5-AAGTCCATCCA
AGATTTACGG-3', and the reverse primer was 5'-
TCCACCTTGTTAGTTTCCTGAG-3'.

Primer Sequences for GAPDH

The forward primer was 5-TGACTTCAACA
GCGACACCCA-3', and the reverse primer was 5'-
CACCCTGTTGCTGTAGCCAAA-3'.

Cell Proliferation Assay

The cell viability of the transfected cells was measured
every 24 h for five days using a Cell-Counting Kit-8
(CCK-8) (Dojindo, Japan). 1 x 10° cells/well cultured in
150 pL culture medium were transferred to triplicate wells
of a 96-well cell culture plate after transfection with
shRNA for 72 hours. The cells were cultured in a 5%
CO,, 37°C cell incubator, and then the growth curve was
measured from the second day and for five consecutive
days. The specific methods were as follows: 10 mL CCK-8
reagent was added to each dish and continued to culture
the above cells for 2 hours. Two hours later, the optical
densities (ODs) value was read at 450 nm according to the
CCK-8 kit instruction and the OD values were analyzed
between the experimental and control groups. In this study,
each experiment was independently repeated three times.

Plate Colony Formation Assay

1 x 10° transfected cells were cultured in a 2.4 cm dish
containing 6 mL medium for two weeks. The cell colonies
which included more than 50 cells were washed with PBS
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buffer and fixed with formalin for 30 minutes, then stained
with crystal violet solution, and washed with double dis-
tilled water. The number was counted according to the size
and density of the colonies. Each experiment was inde-
pendently repeated three times. In this study, all cells were
cultured in a 5% CO,, 37°C cell incubator.

Cell Cycle Analysis

5% 10° cells were cultured in 6 cm dish overnight in KSF
medium without rEGF and BPE after transfection with
shRNA for 72 hours, and were then cultured in KSF
medium with rEGF and BPE for 24 hours and the cell
density reached about 70~80%, the cells were washed with
PBS buffer and collected in centrifuge after digestion with
the cell number not less than 10° cell/tube, then fixed in
70% ethanol overnight at 4°C. The cells were then washed
with PBS and stained with PI/RNase Staining Buffer (BD
Pharmingen) for 30 minutes. Cell cycle analysis was per-
formed using flow cytometry. In this study, all cells were
cultured in a 5% CO,, 37°C cell incubator.

Cell Migration Array in vitro

A 24-well Millicell Hanging Cell Culture Insert (Millipore
Corporation, USA) was used. 1 x 10> cells contained in
500 puL of KSF media without rEGF and BPE were cul-
tured in the upper chambers, and 750 pL of KSF media
with TEGF and BPE was placed in the lower chambers.
After 24 hours of incubation in a 5% CO,, 37°C cell
incubator. The cells were fixed with 4% formaldehyde
and stained with Giemsa solution. The cells that did not
migrate in the upper chamber were wiped off, and then
migratory cells from each field were photographed, and at
least five random microscopic fields (200x) were counted.
All experiments were repeated three times.

Cell Invasion Array in vitro

Matrigel (BD Biosciences) and KSF were mixed, and the
mixture was plated into the 24-well Millicell Hanging Cell
Culture Insert. After rehydration, 1 x 10° transfected cells
were cultured in 500 pL KSF media without rEGF and
BPE in the upper chambers, and 750 pL. KSF media with
rEGF and BPE was placed in the lower chambers. After 24
hours of culture in a 5% CO,, 37°C cell incubator, the
upper cells were removed with a cotton swab and fixed
with 4% formaldehyde stained with Giemsa solution.
Invasion cells from each field were photographed, and at
least five random microscopic fields (200x) were counted.
All experiments were repeated three times.

Statistical Analysis

A Student’s t-test was used to compare the difference
between the two groups; one-way analysis of variance
was used in the comparison between more groups.
Event-free survival (EFS) was the outcome variable.
The Log rank test was used to analyze the EFS of
patients with weak, moderate, or strong PTHrP expres-
sion. Univariate and multivariate Cox proportional
hazards regression model analyses were used to analyze
various parameters associated with the prognosis of
patients with oral leukoplakia. In this study, all analyses
were conducted using SPSS 13.0 software and all ana-
lyses were two-tailed tests, where P < 0.05 was consid-
ered statistically significant.

Results
Patients with Oral Leukoplakia and
PTHrP Expression

In this study, 79 patients with oral leukoplakia were
recruited, and the follow-up time ranged from 5 to 75
months after diagnosis. Of these patients, 30 (38%) later
developed OSCC within five years, whereas 49 (62%)
remained OSCC-free during the follow-up interval.
PTHrP is mainly expressed in epithelial cell nuclei.
Among the 79 patients, PTHrP expression in oral leuko-
plakia tissues ranged from negative to strongly positive,
and it was mainly expressed in about 68.4% (moderate and
strong) of patients. It was found that 30 samples showed
strong PTHrP staining, 24 showed moderate PTHrP stain-
ing, and 25 revealed weak PTHrP staining. PTHrP expres-
sion was strongly associated with the degree of dysplasia
(Figure 1A and B); meanwhile, the expression was inde-
pendent of dysplasia after analyzing the correlation
between PTHrP expression and clinical parameters such
as medical history, pathology, location, smoking, alcohol,
etc. (Table 1).

PTHrP Expression and OSCC

Development

To determine the role of PTHrP expression in oral
leukoplakia malignant transformation, we further ana-
lyzed the relationship between PTHrP levels and the
prognosis of oral leukoplakia. We found that the
PTHrP expression level was strongly associated with
oral leukoplakia that had progressed to OSCC (Figure
1C). From a total of 30 patients developed OSCC during
the follow-up period, 66.7% (20/30) of patients had
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Figure | PTHrP expression in oral leukoplakia and effect of PTHrP on oral leukoplakia. (A) Compared to the negative control (Aa), PTHrP expression gradually increased in
oral leukoplakia of mild (Ab), moderate (Ac), and severe (Ad) atypical hyperplasia, as shown by immunohistochemistry; (B) statistical analysis of PTHrP expression in oral
leukoplakia of mild, moderate, and severe atypical hyperplasia; (C) prognosis of PTHrP expression in patients with oral leukoplakia.

a high PTHrP expression, 30% (9/30) of patients had
a moderate PTHrP expression, and only 3.3% (1/30) of
patients showed a weak PTHrP expression. In the uni-
PTHrP

variate analysis, in addition to dysplasia,

expression was also
OSCC development.
PTHrP expression and dysplasia presented higher risks

significantly associated with
In the multivariate analysis,

for oral leukoplakia malignant transformation (Table 1).
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Table | Univariate and Multivariate Cox Proportional Hazards
Regression Models for Estimating the Prognosis of Oral

Leukoplakia
Characteristics HR 95% CI P
Univariate analysis
Age (<60 y vs 260 y) 1.202 | 0.582-2.484 | 0.619
Gender (male vs female) 1.468 | 0.707-3.050 | 0.303
Smoking (smoker vs nonsmoker) 1.135 | 0.554-2.326 | 0.729
Alcohol (drinker vs nondrinker) 1.009 | 0.489-2.079 0.981
Disease site 1.189 | 0.705-2.006 0517
Dysplasia (mild, moderate, severe) | 3.277 | 1.966-5.4640 | 0.000
PTHrP expression (weak, 4.542 | 2.468-8.359 | 0.000
moderate, strong)
Multivariate analysis
Dysplasia (mild, moderate, severe) | 1.772 | 1.017-3.087 | 0.043
PTHrP expression (weak, 3.305 | 1.652-6.612 | 0.001
moderate, strong)

Abbreviations: HR, hazard ratio; Cl, confidence interval.

PTHLH Affects DOK Cell Function

To further explore the potential role of PTHLH in oral
leukoplakia, lentivirus-mediated shRNA interference tech-
nique was targeted to downregulate PTHLH expression in
DOK and Leuk-1 cells, which are premalignant cells of
oral mucosa. In this study, three types of PTHLH-shRNA,
named KD1, KD2, and KD3, were analyzed, and PTHLH
expression was downregulated (Figure 2A and B). We
found that PTHLH levels could be reduced by 50% using
shRNA-KD2 in DOK (Figure 2C and E,
Supplementary Figure S1), and we found the interference
efficiency of DOK cells was better than that of Leuk-1
cells (Figure 2D and F, Supplementary Figure S1). Then,
we used shRNA-KD2 (recorded as KD2) to analyze the
potential PTHLH function in DOK cells. Cell proliferation
(Figure 3A and B), cell migration (Figure 3C and D), and
invasion (Figure 3E and F) were decreased with the down-
regulation of PTHLH. Cell cycle (Figure 4A—C) and cell
colonies (Figure 4D-I) were also significantly decreased
after reducing PTHLH expression in DOK cells. These
data suggest that PTHLH may play a role in promoting

cell

the malignant transformation of oral leukoplakia.

Discussion

Oral leukoplakia is considered a serious risk to human
health as it can progress into OSCC. Clinically, it has
been found that some lesions disappear after surgical treat-
ment or medical therapy whereas others progress to OSCC

within several years of treatment. Certain risk factors such
as long-term smoking, age and sex (young women being
more at risk), or long-term friction can make oral leuko-
plakia more susceptible to malignant transformation.
Although smoking induces changes in salivary PH and
inflammatory biomarker levels associated with oral dis-
eases and it was found that sodium bicarbonate mouth
rinse is effective in decreasing IL-1B and increasing sali-
vary PH favorable for prevention of oral diseases among
smokers.”’ And the occurrence of oral leukoplakia is clo-
sely related to smoking according to the literature. In this
study, we did not find that smoking was associated with
the malignant transformation of oral leukoplakia. The
mechanism of oral leukoplakia malignant transformation
has long been a focus of investigation for oral oncologists.
In recent years, major breakthroughs have been made in
the molecular research of oral leukoplakia, and many
genes have been found to be dysregulated. For example,
CCND1, EZH?2, Ki67, IL-6, Snail, and Axin2 have been
found to be upregulated in oral leukoplakia *®*2'"2*
Furthermore, a copy number variation frequently occurs
at 3p, 9p, and 13q loci during progressive dysplasia of oral
leukoplakia,*® as oral leukoplakia represents an uncontrol-
lable inflammatory lesion. To some extent, molecular
mechanism research can reveal the uncontrolled inflamma-
tion mechanism of OSCC. This will play an important
guiding role in the treatment of oral leukoplakia. It can
also help to prevent malignant transformation of oral
leukoplakia.

PTHLH and its encoded protein PTHrP were reported
to be upregulated in many cancers, including lung

cancer,26 breast cancer,zL29 30-32

prostate cancer, and gas-
troesophageal carcinoma,”® with their expression level
closely related to the prognosis of these tumors. In addi-
tion, our previous study revealed that either PTHLH or
PTHrP was elevated in OSCC,IQ which means that the
PTHLH gene plays a stimulating role in carcinogenesis
and is a potential oncogene. PTHrP is an autocrine or
paracrine protein, which can be secreted by many tumor
cells. Tang et al found that PTHrP secretion was upregu-
lated upon the reintroduction of PTHLH in the intrahepatic
cholangiocarcinoma cell lines which down regulated
PTHLH expression,** so we thought that downregulation
of PTHLH can lead to the reduction of intracellular PTHrP
as well as secreted PTHrP. In the current study, we found
that PTHrP was upregulated in the majority of oral leuko-
plakia tissues, of which 54 showed moderate to high
expression. We also found that oral leukoplakia with
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Figure 2 PTHLH and PTHrP expression in transfected DOK and Leuk-1 cells with lentivirus-mediated PTHLH-targeted shRNAs. (A) DOK cells growth after transfection
with different PTHLH-targeted shRNAs; (B) Leuk-1 cells growth after transfection with different PTHLH-targeted shRNAs; (C) the expression of PTHLH mRNA was analyzed
in the transfected DOK cells; (D) the expression of PTHLH mRNA was analyzed in the transfected Leuk-1 cells; (E) the expression of PTHrP was analyzed in the transfected
DOK cells; (F) the expression of PTHrP was analyzed in the transfected leuk-1 cells.
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high PTHrP expression was more likely to progress into
OSCC when compared with tissues with low PTHrP
expression. This means that oral leukoplakia with higher
PTHrP expression has a poor prognosis. Combined with
our previous research revealing PTHrP high expression in
most OSCC,"? it can be concluded that PTHLH or PTHrP
expression may gradually increase from normal oral
mucosa, precancerous lesions, to malignancy in order.

This largely explains the molecular mechanisms involved
in carcinogenic uncontrolled inflammation. In univariate
and multivariate analyses, we found that, in addition to the
atypical hyperplasia, PTHLH or PTHrP expression can be
used as an independent risk factor for assessing the prog-
nosis of oral leukoplakia.

The results of the current study revealed that PTHrP level
and degree of atypical hyperplasia are the two major prognostic
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factors of oral leukoplakia, and also the expression of PTHrP is
closely related to the degree of atypical hyperplasia. But it has
its own advantages. For example, 4/30 cases of mild dysplasia
developed into OSCC, as did 12/27 cases of moderate dyspla-
sia and 14/22 cases of severe dysplasia. However, during 45
months of follow-up, only 1/25 cases with weak PTHrP
expression progressed into OSCC, as did 9/24 cases with
moderate PTHrP expression and 20/30 cases with high
PTHrP expression. Therefore, it is obvious that, relative to
pathological atypical hyperplasia, it is preferable to predict
the malignant transformation of oral leukoplakia based on
PTHrP expression. In addition, as the pathology of atypical
hyperplasia relates to the change in cytomorphology, it is
feasible to objectively and quantitatively analyze the prognosis
of oral leukoplakia based on gene expression. Therefore, in
addition to the pathological features, PTHrP expression is also
a good choice for us to determine the prognosis of leukoplakia.

In this study, DOK cells were used as a biological medium
to further confirm the role of PTHLH in oral leukoplakia. We
found that this can slow down the cell growth, affect the cell
cycle, and participate in cell migration and invasion after
downregulating PTHLH expression. In combination with our
clinical studies, it is not difficult to speculate that the PTHLH
gene plays a positive role in the transformation of oral leuko-
plakia into OSCC. As in our previous study,'® we found that
PTHLH affects the cell cycle of OSCC cell lines because it can
cause the down-regulation of Cyclin D1 and CDK4 as well as
up-regulation of P21. Therefore, we also considered that
PTHLH may also affect the expression of cyclin associated
proteins and thus affecting cell function in oral leukoplakia in
indirect or direct manners.

Limitation

This study was based on only a small sample analysis of
the Chinese population; hence, it has certain limitations.
However, the study opens up new ways of estimating the
prognosis of leukoplakia.

Conclusion

In this study, we can conclude that either PTHLH or
PTHrP is highly expressed in a portion of oral leukoplakia,
indicating that PTHLH might be involved in the pathogen-
esis of oral leukoplakia. There is a correlation between
PTHrP level and the atypical hyperplasia of oral leukopla-
kia. Furthermore, the leukoplakia with high expression of
PTHLH or PTHrP is more prone to malignant transforma-
tion. It was also found that PTHLH or PTHrP is prior to

judge the prognosis of oral leukoplakia compared with
atypical hyperplasia according to the prognosis analysis.

Moreover, cell functions including the proliferation abil-
ity, migration ability, invasion ability, cell cycle and plate
colony formation ability were obviously reduced after down-
regulating the PTHLH expression in oral leukoplakia cell
line, indicating PTHLH involvement in regulating the biolo-
gical functions of oral leukoplakia cells. To some extent, this
can explain the reason of high PTHLH or PTHrP expression
in oral leukoplakia that was prone to malignant transforma-
tion. So it is not difficult for us to come to a conclusion that
PTHLH or PTHrP can be used as an independent biomarker
to predict the prognosis of oral leukoplakia.
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