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Abstract. Oral squamous cell carcinoma (OSCC) is the most 
prevalent pathological cancer occurring in the head and neck 
area. Progress has previously been made regarding treat-
ment strategies of OSCC, however the 5-year survival rate 
of these patients is only 50%. The present study examined if 
leflunomide (LEF), a drug primarily used for the treatment 
of rheumatoid arthritis, exhibited antitumor effects in OSCC. 
The results demonstrated that LEF inhibited cell proliferation 
and blocked the cell cycle at the S phase in OSCC cells, with 
upregulation of cyclin A protein expression. LEF reduced 
the expression of dihydroorotate dehydrogenase, which is 
an essential enzyme in the de novo pyrimidine biosynthetic 
pathway. LEF additionally inhibited colony formation in soft 
agar and reduced tumor growth in a xenograft model. The 
results suggested that LEF may act as a potential therapeutic 
agent in the treatment of OSCC in the future.

Introduction

Head and neck cancer is the sixth most common cancer world-
wide, which affect 650,000 people and cause 350,000 deaths 
per year (1). Oral squamous cell carcinoma (OSCC) is the 
most common type of head and neck cancer, which accounts 
for more than 80% of all forms of head and neck cancer (2). 
In spite of some advances in the treatment of OSCC, the 
five‑year survival rate of these patients is only 50% and has 
not improved in the past three decades (3). The poor prognosis 
is due to poor response to current therapy methods and high 

recurrence rates (4). Therefore, it is necessary to identify addi-
tional therapeutic options for OSCC.

Leflunomide (LEF) is an anti‑inflammatory and immuno-
modulatory drug which was introduced and licensed for the 
treatment of rheumatoid arthritis (RA) in 1998 (5). Besides 
that, some other treatment potential of LEF has been reported. 
LEF has been used in other autoimmune diseases, like 
Psoriatic Arthritis, Wegener granulomatosis, Sarcoidosis and 
others (6). LEF also been used as antiviral drug in solid organ 
transplantation for polyomavirus type BK or cytomegalovirus 
infection (5). In addition, some reports showed that LEF had 
anti-proliferation effect in some malignant tumors including 
glioma (7,8), leukemia (9,10), melanoma (11), and neuroblas-
toma (12). These reports provided evidence that LEF might be 
used as a novel drug for antitumoral treatment. However, the 
effect of LEF on the growth of OSCC is not clear.

In this study, we showed that LEF inhibited cell prolifera-
tion and blocked cell cycle in S phase in OSCC. We also found 
that LEF inhibited colony formation in soft agar and reduced 
tumor growth in a xenograft model. The result suggested that 
LEF might be an optional agent for the treatment of OSCC.

Materials and methods

Cell culture. Human OSCC cell lines Tca8113 and KB were 
purchased from Shanghai Cell Bank, Chinese Academy of 
Science. Both cells were grown in RPMI-1640 supplemented 
with 10% fetal bovine serum (FBS) and 1% antibiotics 
penicillin and streptomycin (P/S). The growth media, FBS 
and antibiotics were purchased from Gibco. The cells were 
cultured at 37˚C in a 5% CO2 humidified incubators.

Cell growth assay. Leflunomide was dissolved in dimethyl 
sulfoxide (DMSO) (both from Sigma) as 200 mM stock 
solutions. Tca8113 and KB cells were seed in 6-well plate at 
20,000 cells/well for overnight. Then the cells were treated 
with 100 µM LEF or DMSO for 72 h. Micrographs of cell 
morphology were taken by an inverted microscopy (Olympus). 
Cells were collected and calculated by trypan blue staining.

Cell viability was further determined using MTT assay. 
Cells were seed in 96-well plate at 1,000 cells/well for over-
night. Then the cells were treated with LEF at 25, 50, 100 or 
200 µM. After indicated time period, 20 µl MTT (5 mg/ml; 
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Sigma) was added to each well and incubated at 37˚C for 4 h. 
Then the supernatant was removed and 200 µl DMSO was 
poured to each well to dissolve the cell pellets. After shaking 
for 15 min, the absorbance was measured at a wavelength of 
570 nm.

Cell cycle assay. Cells were plated in 10-cm plates and treated 
with 100 µM LEF or DMSO. After 72 h of treatment, cells were 
collected and fixed with 70% ethanol, resuspended in 200 µl 
PBS and stained with 1 µl propidium iodide (PI, 5 mg/ml) for 
1 h, and analyzed by flow cytometry with CellQuest analysis 
software (BD Biosciences).

Apoptosis assay. Cells were plated in 10-cm plates and treated 
with 100 µM LEF or DMSO. After 72 h of treatment, cells 
were collected and resuspended in 100 µl binding buffer, 
incubated with 2.5 µl FITC-Annexin V and 5 µl PI (50 µg/ml) 
for 15 min, and analysed by flow cytometry with CellQuest 
analysis software.

Western blot assay. Cells were plated in 10-cm plates and 
treated with 100 µM LEF or DMSO. After 48 or 72 h of treat-
ment, cells were collected and proteins were extracted with 
RIPA lysis buffer and PMSF (Beyotime). Protein concentra-
tions were determined with enhanced BCA protein assay kit 
(Beyotime). Seventy micrograms of proteins were separated in 
10% SDS-PAGE and transferred to PVDF membranes. After 
blocked with 5% nonfat milk for 2 h, the membrane was washed 
in TBST and incubated with primary antibody for overnight. 
Then the membrane was washed in TBST and incubated with 
horseradish peroxidase (HRP)-labeled secondary antibody for 
2 h. The signal was visualized by the ECL reagent (Beyotime) 
and captured by western blotting detection instruments (Clinx 
Science). The primary antibodies mouse anti-CDK2 (sc-6248, 
1:200), mouse anti-dihydroorotate dehydrogenase (DHODH, 
sc-166377, 1:200) and rabbit anti-CCNA (sc-751, 1:200) were 
purchased from Santa Cruz Biotechnology. The primary anti-
body mouse anti-GAPDH (AG019, 1:1,000) was purchased 
from Beyotime Biotech. The second antibodies including 
HRP-labeled goat anti-mouse IgG (H+L) (A0216, 1:5,000), 
and HRP-labeled goat anti-rabbit IgG (H+L) (A0208, 1:5,000) 
were purchased from Beyotime Biotech.

Soft agar colony formation assay. The lower gel including 
0.6% soft agar (Sigma) and culture media was used as support. 
The upper gel consisted of 0.3% soft agar and culture media. 
The cells were suspended in upper gel, seed in 6-well plates 
at 1,000 cells/well and treated with 100 µM LEF or DMSO. 
After 20 days of treatment, the micrographs of cell colonies 
were taken by an inverted microscopy. Then the cells were 
stained with MTT and pictures were taken using a scanner 
(Epson).

In vivo tumorigenic assay. Six severe combined immunodefi-
ciency (SCID) mice (4 weeks old) were used and maintained 
under specific pathogen‑free conditions. Tca8113 cells were 
trypsinized and collected. Cells (1x106) were subcutane-
ously injected in 200 µl culture media into the flanks of 
SCID mice. After 7 days of tumor growth, the mice were 
administered intraperitoneal injections of LEF (7.5 mg/kg) 

or control DMSO once daily for 7 days. Tumor diameter was 
measured with digital calipers every day, and tumor volume 
was calculated (volume = length x width2 x 0.5236). Mice 
body weight was monitored every two days. After treatment, 
the mice were sacrificed by CO2, and tumors were measured 
and weighed. All animal experiments were pre-approved by 
the Institutional Animal Care and Use Committee of our 
university.

Statistical analysis. Each experiment was repeated at least 
three times. The results were presented as mean ± SD. The 
two-tailed Student's t-test was performed for paired samples. 
P<0.05 was considered statistically significant.

Results

LEF inhibited cell growth and proliferation in OSCC cells. 
Two OSCC cell lines Tca8113 and KB were treated with 
LEF or control DMSO for 72 h. The result showed that LEF 
at 100 µM dramatically inhibited cell growth compared with 
DMSO-treated control (Fig. 1A). More than 50% reduction 
in cell number was observed in both cell lines (Fig. 1B). To 
further investigate the cytostatic effects of LEF, cell growth 
curve was determined by MTT assay. The result showed that 
LEF could inhibit cell growth in a dose and time-dependent 
manner in both cells (Fig. 1C). LEF at concentration higher 
than 100 µM could lead to dramatically decrease in cell 
number compared with control, so 100 µM LEF was used in 
following experiments. This dose was consistent with other 
studies (12,13).

LEF induced cell cycle S phase arrest in OSCC cells. Then 
we examined whether LEF could affect cell cycle in Tca8113 
and KB cells. As shown in Fig. 2A, 100 µM LEF dramati-
cally increased cell proportion in S phase and decreased cell 
proportion in G0/G1 phase. The percentage of S phase cells 
increased from 40.73 to 68.41% in Tca8113 and from 35.41 to 
68.92% in KB. We further checked the expression of cell cycle 
regulatory protein related to S phase arrest. The results showed 
that the expression of CCNA was obviously upregulated in 
both Tca8113 and KB cells after LEF treatment, while the 
expression of CDK2 didn't change (Fig. 2B). Taken together, 
our results demonstrated that LEF could inhibit OSCC cells 
growth through regulating the expression of cell cycle protein 
and inducing S phase arrest.

LEF induced cell apoptosis in KB cells, not in Tca8113 cells. 
In order to determine whether LEF induced apoptosis in 
Tca8113 and KB cells, we performed a flow cytometry assay 
by FITC Annexin V and PI staining. The results demonstrated 
that 100 µM LEF slightly increased apoptotic cells propor-
tion from 3.91 to 4.39% in Tca8113 cells after 72 h treatment. 
The difference was not significant after statistical analysis. 
However, LEF treatment obviously increased apoptotic cell 
proportion from 0.97 to 13.48% in KB cells (Fig. 3). These 
results showed that apoptosis was implicated in LEF-induced 
inhibition of growth in KB cells, but not in Tca8113 cells.

LEF reduced DHODH expression in OSCC cells. DHODH 
is one of the essential enzymes in the de novo pyrimidine 
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Figure 1. Leflunomide inhibited cell growth and proliferation in OSCC cells (A). Cell morphologic observation of Tca8113 and KB cells after being treated 
with 100 µM leflunomide or DMSO for 72 h (B). Cell counting of Tca8113 and KB cells after being treated with 100 µM leflunomide or DMSO for 72 h. 
**P<0.01. N=3 (C). Tca8113 and KB cells were treated with leflunomide at 25, 50, 100 or 200 µM. DMSO was used as a control. Cell growth was tested by 
MTT assay every 2 days. N=3.

Figure 2. Leflunomide induced cell cycle S phase arrest in OSCC cells (A). After being treated with 100 µM leflunomide or DMSO for 72 h, the cell cycle of 
Tca8113 and KB cells was examined by PI staining. **P<0.01. N=3 (B). After being treated with 100 µM leflunomide for 48 or 72 h, protein expression of CCNA 
and CDK2 in Tca8113 and KB cells was investigated by western blot assay. DMSO was used as a control. *P<0.05, **P<0.01. N=3.
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biosynthetic pathway. LEF was reported to interfere with the 
metabolism of pyrimidine nucleotides through directly blocking 
the activity of DHODH (14,15). Some studies have shown that 
DHODH inhibition through LEF was effective for treatment of 
some cancers including melanoma (11) and neuroblastoma (12).

To further explore the pathway by which LEF inhibited cell 
growth in OSCC cells, we performed western blot assay to 
detect the protein expression of DHODH after LEF treatment. 
We found that LEF dramatically reduced DHODH expression 
in Tca8113 and KB cells after 48 or 72 h treatment (Fig. 4). The 
results indicated that downregulation of DHODH expression 
might be one of the mechanisms implicated in LEF-induced 
inhibition of growth in OSCC cells.

LEF inhibited soft agar colony formation of OSCC cells. 
To determine whether LEF inhibits tumorigenic ability 
of Tca8113 and KB cells in vitro, we performed a soft agar 
colony formation assay. After 20 days of treatment, 100 µM 
LEF obviously inhibited the volume and number of colonies 
in both cell lines (Fig. 5A and B). These results suggested that 
LEF could inhibit anchorage-independent growth and colony 
formation capacity in OSCC cells.

LEF inhibited tumor growth in mouse xenograph model. We 
further examined the effect of LEF on OSCC tumor growth 
in mouse xenograph model. Tca8113 cells were injected into 
SCID mice subcutaneously. After 7 days of tumor growth, 
LEF was used for 7 days. The result showed that LEF treat-
ment inhibited tumor growth dramatically (Fig. 6A-C). The 
tumor volume and weight was decreased by 42.7 and 37.6% 
respectively. In addition, the injection of LEF did not affect 
the animal weight (Fig. 6D) and behaviour. These results 
suggested that LEF could inhibit OSCC growth in vivo.

Discussion

In recent years, LEF have been reported to display some 
antitumoral activity in several kinds of malignant tumors 
by inhibiting cell growth and proliferation. In this study, we 
investigated the effect of LEF on OSCC growth in vitro and 
in vivo. The result showed that LEF obviously reduced OSCC 
cell growth, colony formation and xenograph tumor growth.

It was reported that LEF could inhibit cell growth by 
G0/G1 phase cell cycle arrest in multiple myeloma cells (16) 
and chronic lymphocytic leukemia cells (9) or S phase cell 

Figure 4. Leflunomide inhibited DHODH expression in OSCC cells. After being treated with 100 µM leflunomide for 48 or 72 h, DHODH protein expression 
of Tca8113 and KB cells was investigated by western blot assay. DMSO was used as a control. *P<0.05. N=3.

Figure 3. Leflunomide induced cell apoptosis in KB cells, not in Tca8113 cells. After being treated with 100 µM leflunomide or DMSO for 72 h, the cell 
apoptosis was examined by FITC-Annexin V and PI labeling. **P<0.01. N=3.
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cycle arrest in neuroblastoma (12) and prostate cancer (17). 
In this study we confirmed that LEF induced S phase cell 
cycle arrest in OSCC cells. The percentage of S phase cells 
increased obviously in both Tca8113 and KB cells. Then 
we examined the expression of cell cycle regulatory protein 
related to S phase arrest. We found that the expression of 
CCNA was obviously upregulated in both cells after LEF 
treatment. Therefore, the inhibition of cell cycle progression 
might be an important mechanism by which LEF controlled 
OSCC cells growth.

LEF was also reported to promote apoptosis in a variety 
of tumor cells (9,12,16,17). In this study we found that LEF 
induced apoptosis in KB cells, but not in Tca8113 cells. The 

result suggested that the pro-apoptotic effect of LEF was 
restricted to certain kinds of OSCC cells. LEF might interfere 
with different pathways in Tca8113 and KB cells and lead 
to different apoptosis effect. The similar result was found 
by Ringshausen et al (9). They found that teriflunomide (an 
active metabolite of LEF) treatment induced apoptosis in 
ZAP70-positive chronic lymphocytic leukemia cells, whereas 
it failed to induce cell death in ZAP70-negative cells. Thus 
the apoptosis effect of LEF in OSCC cells might depend on 
different cell kinds.

LEF had been reported to inhibit tumor growth by inter-
fering with the enzymatic activity of DHODH and inhibiting 
pyrimidine biosynthesis (11), or by inhibiting the tyrosine 

Figure 5. Leflunomide reduced colony formation of OSCC cells in soft agar (A). Tca8113 and KB cells were seed in soft agar in 6‑well plates at 1,000 cells/well 
and treated with 100 µM leflunomide or DMSO. After 20 days of treatment, the micrographs of cell colonies were taken by an inverted microscopy (B). The 
cell colonies of Tca8113 and KB cells were stained with MTT and pictures were taken with a scanner.

Figure 6. Leflunomide repressed tumor growth in mouse xenograph model (A). The photo of SCID mice xenograft tumor after being treated with leflunomide 
(7.5 mg/kg) or DMSO (B). The xenograft tumor weight after being treated with leflunomide or DMSO. *P<0.05. N=3 (C). The xenograft tumor volume after 
being treated with leflunomide or DMSO. N=3 (D). The SCID mice body weight after being treated with leflunomide or DMSO. N=3.
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kinase activity of platelet-derived growth factor (PDGF) 
receptor (7,18) or epidermal growth factor (EGF) receptor (19). 
The biological activity of LEF was dependent of its active 
metabolite, A77 1726. Previous studies have demonstrated that 
A77 1726 was capable of inhibiting the activities of DHODH 
and tyrosine kinases (20). In this study we found that LEF 
dramatically reduced DHODH expression in both Tca8113 and 
KB cells. The results suggested that DHODH pathway might 
be one of the mechanisms implicated in LEF-induced inhibi-
tion of growth in OSCC cells. Whether LEF could inhibit the 
growth of OSCC cells via inhibiting the activities of tyrosine 
kinases will be investigated in our next study.

In summary, our study demonstrated that LEF could inhibit 
cell proliferation and tumor growth of OSCC cells. LEF has 
been used in clinical treatment of RA for more than ten years. 
Because of its prominent antitumoral effect in OSCC and its 
known toxicology and pharmacology in humans and animals, 
LEF could be an optional candidate for OSCC treatment.
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