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ABSTRACT
Cordyceps militaris (CM) and its active ingredient cordycepin have been reported 

to inhibit tumor growth, but the mechanisms are not fully understood. This study used 
a mouse model for oral cancer and a cell line, 4NAOC-1 derived from the model to 
study the mechanisms. Our results show that a CM preparation (CMP) can significantly 
inhibit tumor development and malignant transformation in the model. In vitro 
data indicate that CMP and cordycepin can inhibit 4NAOC-1 cell proliferation, either 
anchorage-dependent or -independent. Cordycepin can also increase cell apoptosis, 
and decrease cell mitosis and EGFR signaling. In accordance, CMP treatment can 
significantly decrease the levels of ki-67 and EGFR signaling molecules in cancer 
tissues. We also found that the levels of IL-17A in cancer tissues of control mice were 
significantly increased, and CMP inhibited these levels. IL-17A can stimulate cancer 
cell proliferation, which can be suppressed by cordycepin. Furthermore, cordycepin 
can reduce the expression of IL-17RA and its downstream signaling molecules. 
Moreover, CMP and cordycepin can significantly decrease IL-17A production in vitro 
and in vivo. Finally, CMP and its ingredients can enhance tumoricidal activities with 
increase in IFN-γ and TNFα, and decrease PD-L1 expression. In conclusion, CMP and 
its ingredient cordycepin can inhibit tumor growth and malignant transformation 
in a mouse model for oral cancer via inhibition of EGFR- and IL-17RA-signaling and 
enhancement of anti-tumor immunity. 

INTRODUCTION 

Cancer has been an important, if not the most important 
issue in human health since the last century. Despite 
witnessing huge progress, it remains a great challenge. 

It is known that cancer tissues are infiltrated with 
immune cells, which can play either a pro-tumor or 
anti-tumor role [1, 2]. IL-17A is a cytokine produced by 
immune cells to promote tumor growth via up-regulation 

of IL-6, IL-8, G-CSF, VEGF, MMP-2, MMP-9, and 
p-STAT3 expression in cancer cells and tissues [3–11]. On 
the other hand, cytokines like IFN-γ and TNFα are known 
to regulate cancer cell apoptosis and tumor regression 
[8, 12–14]. Cancer immunotherapy is developed with a 
hope that by manipulation of the body’s own immune 
system, cancer can be inhibited or even cured. One 
example that has brought patients and doctors a great 
hope is the immune checkpoint inhibitors; however, for 
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the majority of cancer patients, a durable efficacy is still 
not achievable [15]. Nevertheless, it still reminds us that 
regulation of immune responses is a promising therapeutic 
strategy for cancer patients.

For every type of cancer, the best prognosis always 
comes from those patients who are diagnosed at an 
early stage, and when surgery can successfully remove 
tumor tissues from the body. This fact reminds us that 
intervention should start as early as possible. When cancer 
cells are well grown and established in many locations, 
the war is definitely harder to fight [10]. Therefore, early 
intervention with preventive agents is important.

Ancient Chinese spared no efforts to find 
solutions for maintenance of health and achievement of 
longevity. Among the well-known remedies are Dong-
Chong-Xia-Cao and Cordyceps militaris (CM). Both 
belong to the division of Ascomycete, and have been 
reported to have many functions, like anti-inflammation 
[16], anti-angiogenesis [17], anti-tumor [18, 19], and 
immunomodulation [20–22]. Cordycepin is one of the 
active ingredients in CM [19], which can cause apoptosis 
and cell cycle arrest through decreasing expression of Wnt 
[23], mTOR [24], and Erk1/2 [25] signaling pathway-
related proteins. Despite many studies have demonstrated, 
the detailed mechanisms of CM and cordycepin are still 
not well understood.

Here, we used an established murine oral cancer 
model [26], which has many features similar to those in 
human oral cancer [26–29]. In particular, both benign and 
malignant lesions are present in a single mouse tongue. 
We used this model and a cell line derived from the 
model to study the anti-tumor mechanisms of CMP and 
cordycepin.

RESULTS

CMP inhibited tumor growth 

We used a HPLC system to analyze active 
compounds in the CMP, and results are shown in 
supplementary Figure 1. Preliminary results showed 
that CMP at 200 mg/kg/day (n = 12) or 500 mg/kg/day 
(n = 12) for 20 weeks had mild to moderate inhibiting 
effects on oral lesions, and these mice tolerated the 
doses well, as judged by body weight changes (data 
not shown). In this study, we gave mice CMP at doses 
of 500 mg/kg/day (LCM group) or 1500 mg/kg/day 
(HCM group) for 20 weeks after exposure to oral 
carcinogens. The experimental protocol is illustrated in 
Figure 1A. Mice tolerated these doses well, as judged 
by body weight gains (data not shown). CMP treatment 
markedly inhibited development of oral lesions in mice 
(Figure 1B). At sacrifice, CMP treatment significantly 
suppressed levels of tumor volume and tumor multiplicity 
in the tongue, compared with those from 4NA group 
(Figure 1C and 1D).

CMP inhibited malignant transformation  

One characteristic of the mouse model is that lesions 
from benign to malignant are present in the tongue. A 
representative longitudinal section is shown (Figure 2A). 
CMP significantly suppressed the incidence and multiplicity 
of SCC in situ and invasive SCC in the tongue (Figure 2B 
and 2C). We also found that invasive SCC lesions in the 
4NA group were intensely infiltrated with neutrophils (sub-
Figure 6 of Figure 2A), a phenomenon was not observed in 
mice with CMP treatment (data not shown). 

Both CMP and cordycepin suppressed 
proliferation of 4NAOC-1 cells 

We assayed the anti-proliferation activity of these 
four compounds on 4NAOC-1 cells, a cell line derived 
from an oral cancer tissue of 4NA group. Both CMP and 
cordycepin significantly inhibited cell proliferation, but 
EPS, adenosine, and D-mannitol did not (Figure 3A). 
CMP or cordycepin also significantly inhibited colony 
formation in vitro (Figure 3B). Moreover, we used a soft 
agar assay to show that cordycepin was also potent in 
inhibiting cell proliferation in an anchorage-independent 
environment (Figure 3C).

Both CMP and cordycepin inhibited mitosis and 
EGFR signaling in 4NAOC-1 cells

Cordycepin and CMP increased cell apoptosis time-
dependently, though the levels at 24 hour post-treatment 
were less than that by gefitinib, an EGFR-specific inhibitor 
(Figure 4A). In addition, cordycepin treatment decreased 
cell cycle of G2/M phase (Figure 4B). Western blots 
showed that cordycepin markedly decreased expression 
of p-EGFR, p-Erk1/2, p-STAT3, p-p70 S6K, β-catenin, 
and cyclin B1, and increased expression of p-STAT1 in 
4NAOC-1 cells (Figure 4C). Moreover, CMP treatment in 
mice significantly reduced the expression levels of ki-67, 
p-EGFR, and p-STAT3 in cancer tissues (Figure 4D, 4E, 
and 4F). Collectively, these results support our hypothesis 
that both CMP and cordycepin inhibit cancer cells mitosis 
and EGFR signaling.

Both CMP and cordycepin inhibited IL-17RA 
signaling

IL-17A was intensely expressed in the intra-tumor and 
peri-tumor areas of cancer tissues in 4NA group (Figure 5A 
and 5B), and the expression was reduced by CMP treatment 
(Figure 5C, 5D, and 5E). In addition, we showed that 
IL-17A enhanced cancer cell proliferation, which was 
significantly inhibited by cordycepin (Figure 5F). Moreover, 
IL-17A increased DNA synthesis in cancer cells, and 
cordycepin inhibited the effect, too (Figure 5G). As shown 
in Figure 5H, cordycepin significantly decreased IL-17RA 
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Figure 1: CMP inhibited tumor growth and malignant transformation in the tongue. (A) Schematic experiment protocol 
in this study. 4-NQO: 4-nitroquinoline-1-oxide. CMP: Cordyceps militaris preparation. (B) Representative pictures and the incidence 
of oral lesions development in mice during the experimental period. (C) Representative tongue pictures at sacrifice. Scale bar = 3 mm. 
(D) Quantification of number, length, and volume of oral lesions in mice. Each group contained 13 mice and each data point denoted an 
individual mouse. Data are presented as mean ± SEM and statistical analysis is performed with one-way ANOVA following Tukey’s test. 
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Figure 2: CMP inhibited malignant transformation in the tongue. (A) Representative panel pictures of histopathological changes 
in a tongue section from 4NA group. Scale bar = 100 μm. PMN: polymorphonuclear cells. LDG: low-grade dysplasia. HGD: high-grade 
dysplasia. SCC: squamous cell carcinoma. (B) Multiplicity of different histopathological changes in the tongue. Each group contained 
13 mice and each data point denoted an individual mouse. Data are presented as mean ± SEM and statistical analysis is effectuated with 
one-way ANOVA following Tukey’s test. Quantification of multiplicity is described in the Materials and Methods. N.S.: not significant.  
(C) Incidence of different histopathological changes in the tongue. Each group contained 13 mice and statistical analysis was performed 
with the Fisher’s exact test by SPSS software.
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Figure 3: Both CMP and cordycepin suppressed proliferation of 4NAOC-1 cells. (A) Survival of 4NAOC-1 cells after 
48 hours treatment with different ingredients. Cell survival was measured by the alamar blue agent and results were shown as percentage 
to vehicle control. Data are presented as mean ± SD and statistical analysis is effectuated with one-way ANOVA following Tukey’s test.  
(B) Representative culture wells and quantification of colony formation. Data are presented as percentage relative to control and mean ± SD. 
Statistical analysis was performed with one-way ANOVA following Tukey’s test. (C) Representative pictures and quantification of soft 
agar formation assay. Data are presented as mean ± SD and statistical analysis is carried out with one-way ANOVA following Tukey’s test.
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Figure 4: Both CMP and cordycepin inhibited mitosis and EGFR signaling. (A) Apoptosis of 4NAOC-1 cells with CMP and 
cordycepin treatment. Representative results are shown. (B) Cell cycle analysis of 4NAOC-1 cells with cordycepin treatment. Representative 
results are shown. (C) Western blot analysis of different markers in 4NAOC-1 cells with cordycepin treatment. Representative results are 
shown. (D, E, and F) Representative immunohistochemical analysis and quantification of ki-67, p-EGFR (Y1068), and p-STAT3 (Y705) in 
squamous cell carcinoma tissues are shown. Data are presented as mean ± SEM and statistical analysis is performed with one-way ANOVA 
following Tukey’s test.
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expression in 4NAOC-1 cells. Moreover, cordycepin pre-
treatment effectively inhibited the expression of p-Erk1/2, 
p-STAT3, and p-p70 S6K in 4NAOC-1 cells stimulated with 
IL-17A (Figure 5I). These findings all demonstrate that both 
CMP and cordycepin can inhibit IL-17A signaling.

Both CMP and cordycepin reduced IL-17A 
production

Levels of IL-17A in the culture supernatant of CLN, 
MLN, and splenocytes and in the serum were significantly 
increased in 4NA group, compared with LCM and HCM 
groups (Figure 6A). As shown in Figure 6B, cordycepin 
significantly inhibited IL-17A levels in the culture 
supernatant of splenocytes with Th17 differentiation 
agents in a dose-dependent manner, but adenosine and 
D-mannitol did not. Cordycepin also decreased the 
percentage of IL-17A-expressing CD3+ CD4+ cells in 
splenocytes (Figure 6B). The inhibition did not depend 
on cell death, as indicated by results from different 
assays (Figure 6C). Moreover, cordycepin significantly 
suppressed IL-17A levels in the culture supernatant of 
tumor-draining lymph node cells (Figure 6D). These 
results indicate that cordycepin can effectively inhibit  
IL-17A production.

CMP and its ingredients enhanced anti-tumor 
immune activities 

Tumoricidal activities of splenocytes and peritoneal 
macrophages were significantly enhanced in LCM and 
HCM groups, compared with 4NA group (Figure 7A 
and 7B). Moreover, levels of IFN-γ and TNFα in the 
culture supernatant of splenocytes and in the serum 
were significantly increased in LCM and HCM groups 
(Figure 7C and 7D). Furthermore, the mRNA levels of 
IFN-γ (Ifng) and transcription factor t-bet (Tbx21) in 
the CLN, MLN, and spleen tissues were significantly 
increased in LCM and HCM groups (Figure 7E). We 
also tested the activities of active components in CMP. 
As shown in Figure 7F, EPS significantly increased TNFα 
production in peritoneal macrophages, and cordycepin 
could not. IFN-γ and TNFα significantly reduced 
proliferation of 4NAOC-1 cells (Figure 7G). Furthermore, 
cordycepin markedly down-regulated the expression of 
PD-L1 in 4NAOC-1 cells, but not PD-L2 (Figure 7H). 
These results prove that CMP and its components can 
enhance anti-tumor immune activities.

DISCUSSION

We show that CMP can significantly inhibit tumor 
growth and malignant transformation in a mouse model 
for oral cancer. Cordycepin, an active component in CMP, 
can inhibit cancer cell proliferation, mitosis, and EGFR 
signaling, and increase cell apoptosis. In accordance, CMP 

can significantly inhibit the levels of ki-67 and EGFR 
signaling in cancer tissues. IL-17A can stimulate cancer 
cell proliferation and IL-17A levels in cancer tissues 
can be inhibited by cordycepin and CMP. Furthermore, 
cordycepin can suppress the expression of IL-17RA 
and its downstream signaling. In addition, CMP and 
cordycepin can significantly inhibit IL-17A production 
from lymphocytes in vivo and in vitro. Finally, CMP and 
its ingredients can enhance tumoricidal activities with 
increase in IFN-γ and TNFα, and decrease in PD-L1 
expression. 

EGFR is a membrane bound tyrosine kinase 
receptor, which phosphorylates MEK/Erk, STAT3, and 
mTOR signal molecules for regulation of cell survival 
and mitosis in many types of malignancy, including oral 
cancer [30]. It is highly expressed in head and neck SCC 
(HNSCC) [31], and its levels are adversely correlated with 
overall and disease-free survival, and positively with local 
relapse rate [32, 33]. Consequently, inhibition of EGFR 
expression and its signaling are a promising therapeutic 
strategy for oral cancer patients. Anti-EGFR monoclonal 
antibody, cetuximab has been approved for treatment 
of oral cancer. Our results show CMP can significantly 
inhibit tumor growth and malignant transformation in the 
model. In addition, CMP and cordycepin can significantly 
inhibit p-EGFR expression and its downstream signaling 
molecules p-Erk1/2, p-STAT3, and p-p70 S6K.

We found IL-17A was intensely expressed in SCC 
tissues from 4NA group. This cytokine was also highly 
expressed in many types of human cancer, including 
HNSCC [6, 34, 35], and its levels were positively 
associated with pathological grades and lymph node 
invasiveness [36]. IL-17A was reported to involve in 
many tumorigenic processes, including proliferation 
[8, 9, 37, 38], migration [38], invasion [39], angiogenesis 
[5], and malignant transformation [3]. More importantly,  
IL-17A levels were negatively correlated with disease-free 
survival rates in cancer patients, including HNSCC [6, 34, 
35]. We showed CMP can inhibit IL-17A expression in 
SCC tissues. In addition, cordycepin can inhibit IL-17A 
stimulated proliferation in 4NAOC-1 cells, and inhibit 
the expression of IL-17RA and its signaling molecules, 
including p-Erk1/2, p-STAT3, and p-p70 S6K. In 
summary, these findings prove that CMP and cordycepin 
can inhibit tumor growth in which IL-17A plays a vital 
role for cancer cell proliferation.

IL-17A can be produced by lymphocytes, 
neutrophils, and mast cells [35], and lymphocytes 
are considered a major source. Here, we showed that 
cordycepin can inhibit production of IL-17A and IL-17A-
expressing CD3+ CD4+ cells in a dose dependent manner. 
In addition, cordycepin can markedly inhibit IL-17RA 
and p-STAT3 and enhance p-STAT1 expression, and these 
factors are involved in the production of IL-17A and 
differentiation of IL-17A-expressing cells [4, 40, 41]. Anti-
tumor agents, like resveratrol [42] and ursolic acid [43],  
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Figure 5: Both CMP and cordycepin inhibit IL-17A effects. (A and B) Representative immunohistochemical staining of IL-17A 
in invasive squamous cell carcinoma (SCC) tissues of 4NA group are shown. Inserted pictures are of a higher magnification. (C and D) 
Immunoreactivity of IL-17A in invasive SCC tissues from LCM (C) and HCM (D) groups. Scale bar = 100 μm. (E) Quantification of  
IL-17A levels in SCC tissues of each group. Data are presented as mean ± SEM and statistical analysis is conducted with one-way ANOVA 
following Tukey’s test. (F) Recombinant IL-17A treatment for 72 hours stimulated proliferation of 4NAOC-1 cells, and cordycepin partially 
inhibited the proliferation. Data are presented as mean ± SD and statistical analysis is conducted with one-way ANOVA following Tukey’s 
test. Representative data from three independent experiments are shown. (G) Recombinant IL-17A treatment for 72 hours stimulated DNA 
synthesis in 4NAOC-1 cells and cordycepin partially inhibited the effect. Representative results are shown. BrdU (bromodeoxyuridine) 
was added at the last 24 hours of cultivation. (H) Cordycepin treatment for 6 and 12 hours decreased IL-17RA expression in 4NAOC-1 
cells. Representative data are shown. (I) Cordycepin pre-treatment for 12 hours inhibited IL-17A/ IL-17RA signaling in 4NAOC-1 cells. 
Representative data from three independent tests are shown.
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Figure 6: Both CMP and cordycepin inhibited the production of IL-17A. (A) Levels of IL-17A in the culture supernatants 
of lymph nodes and splenocytes and in the serum. Data are presented as mean ± SEM and statistical analysis is performed with one-way 
ANOVA following Tukey’s test. (B) Cordycepin significantly inhibited IL-17A expression and IL-17A-expressing CD3+ CD4+ splenocytes 
after 3 days of ex vivo differentiation. The content of Th17 promoting agents is described in the Materials and Methods. (C) Cordycepin did 
not cause significant cell death in terms of LDH release and annexin v signaling. Data are presented as mean ± SD and statistical analysis 
is effectuated with one-way ANOVA following the Tukey’s test. (D) Cordycepin suppressed IL-17A production in tumor-draining lymph 
node cells. Representative results from three independent experiments are shown. Data are presented as mean ± SD and statistical analysis 
is conducted with one-way ANOVA following Tukey’s test. CLN: cervical lymph nodes; LDH: lactate dehydrogenase.
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were also reported to inhibit IL-17A production. 
Moreover, levels of IL-17A in the culture supernatant 
of CLN, MLN, and splenocytes and in the serum were 
significantly decreased in mice with CMP treatment. In 
summary, CMP and cordycepin are effective in inhibiting 
IL-17A production.

Tumoricidal activity is suppressed in many patients 
with HNSCC [28], and can be served as a predictor for 
prognosis [44]. Tumoricidal activity is dependent on 
cytokines, like IFN-γ and TNFα [12], which can activate 
Fas and caspase expression to induce apoptosis and cell 
death [13, 45]. In addition, transcription factor t-bet plays a 
pivotal role in the differentiation Th1 and Tc1 cells, which 
help to kill cancer cells [46]. Our results show that CMP 
can significantly enhance tumoricidal activity and the 
levels of IFN-γ and TNFα. CMP can also increase mRNA 
transcripts for Ifng and Tbx21 in the lymph nodes and 
spleen. We showed IFN-γ and TNFα can induce cancer 
cell death after 96 hours’ incubation. One ingredient in 
CMP, EPS can significantly increase TNFα production in 
peritoneal macrophages. 

PD-L1 plays as an immune checkpoint inhibitor, 
which is highly expressed in many types of cells, including 
cancer cells, and its levels can be inhibited by a mTOR 
pathway inhibitor, rapamycin [47]. Moreover, levels of 
PD-L1 were positively correlated with overall survival rate 
in patients with advanced HNSCC, who receiving anti-
PD-1 therapy [48]. Anti-PD-L1 can increase IFN-γ and 
TNFα production in human natural killer T cells [49]. Our 
results show that cordycepin can inhibit PD-L1 expression 
in cancer cells, and another ingredient of CMP, EPS can 
significantly increase TNFα production in peritoneal 
macrophages. In summary, CMP and its ingredients can 
enhance anti-tumor activities. 

The doses of CMP in the study are 500 mg/kg/day 
or 1500 mg/kg/day, equivalent to cordycepin at 15 μg/
kg/day or 45 μg/kg/day, respectively. These doses can 
be translated to 25 or 75 ml/ day of 10-fold concentrated 
CMP for an 80 kg man. 

We need to acknowledge some limitations in the 
study. First, we used MBT-2 cells as the target cells for 
assays of tumoricidal activity. The optimal target cells 
should be 4NAOC-1 cells. However, we had not yet 
established the cell line at the time of experiment. Despite 

MBT-2 cells are derived from mouse bladder cancer, they 
also express high levels of CK14, like 4NAOC-1 cells. 
Another limitation is that we did not have control mice 
feeding with blank culture medium. Blank medium is 
unlikely to have any anti-tumor effects.

MATERIALS AND METHODS

CM preparation (CMP) 

The strain of Cordyceps militaris (CM) used in 
the study was identified and established by Dr. Tai-
Hao Hsu (one of the correspondents), and deposited 
at the Bioresources Collection and Research Center, 
Food Industry Research and Development Institute, 
Hsinchu, Taiwan. It was maintained on potato-dextrose-
agar (PDA) plates at 25°C. When mycelia grew into 
confluence, agar was cut into small pieces (1 cm2), and 
15 pieces were seeded to a new liquid culture medium, 
consisting of 40 g/L sucrose, 10 g/L yeast extract, 0.5 
g/L KH2PO4 and 0.5 g/L MgSO4·7H2O. A seed culture is 
defined as the submerged fermented culture at 25°C with 
rotation (100 rpm) in a shaker for 7 days. Subsequently, 
an inoculum (5%, v/v) derived from the seed culture was 
further inoculated into new culture medium. After another 
7 days of cultivation (the final concentrations of residual 
sucrose and residual nitrogen in the cultured broth were 
less than 0.05%), the whole submerged fermented cultured 
broth was passed through a filter paper (Advantec No. 1, 
Toyo Roshi Kaisha Ltd., Tokyo, Japan) to remove mycelia. 
The filtered broth was further centrifuged at 6000 g for 
30 minutes to remove precipitation. The product was 
lyophilized, and we used the dried material to make CMP 
used in this study. We used a HPLC system (RI-2031 
Plus, JASCO Corp., Tokyo, Japan) to analyze CMP and 
the phenol-sulfuric acid assay to measure the levels of 
extracellular polysaccharides (EPS) [19, 20] in CMP.

Induction of oral cancer and intervention with CMP

Male C57BL/6JNarl mice (4-week-old) were 
purchased from National Laboratory Animal Center 
(Taipei, Taiwan), housed in the animal facility of the  
Da-Yeh University, and accommodated for 2 weeks 

Figure 7: CMP and its ingredient enhanced anti-tumor immunity. (A, B) Tumoricidal activities of splenocytes and peritoneal 
macrophages to a mouse cancer cell line at different ratios of effector cells to target cells. Data are presented as mean ± SEM and statistical 
analysis is performed with one-way ANOVA following Duncan’s multiple range test. (C, D) Levels of IFN-γ and TNFα in the culture 
supernatant of splenocytes and in the serum. Data are presented as mean ± SEM and statistical analysis is effectuated with one-way ANOVA 
following Tukey’s test. (E) Messenger RNA levels of IFN-γ (Ifng) and transcription factor t-bet (Tbx21) in the lymph nodes and spleen. Data 
were normalized to β-actin (Actb) expression levels and presented as n-fold changes to control group by 2-∆∆CT method. Data are depicted 
as mean ± SEM and statistical analysis is executed with one-way ANOVA following Tukey’s test. (F) Extracellular polysaccharides (EPS) 
induced TNFα production in the peritoneal macrophages, but cordycepin could not. Lipopolysaccharides (LPS) at 1 μg/ ml was used as a 
positive control. Total protein levels were used for correction the total cell numbers. Data are presented as mean ± SD and N.D. means not 
detection. (G) IFN-γ and TNFα inhibited proliferation of 4NAOC-1 cells after 96 hours treatment. Data are presented as percentage relative 
to vehicle control and statistical analysis is conducted with one-way ANOVA following Tukey’s test. (H) Cordycepin decreased PD-L1 and 
PD-L2 expression in 4NAOC-1 cells. Representative results from three independent tests are shown.
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before the experiment. All the experimental protocols 
were approved by the Institutional Animal Care and Use 
Committee (IACUC) at the university and were accorded 
with the ARRIVE guidelines (Animal Research: Reporting 
of In Vivo Experiments). Mice took diet and water ad 
libitum. They were randomly divided into negative control 
group (receiving water), positive control group (receiving 
4-nitroquinolin-1-oxide and arecoline, 4NA), and low 
dose (LCM) and high dose (HCM) of CMP groups. Mice 
received 500 mg/kg/day CMP in the LCM group and 
1500 mg/kg/day in the HCM group via drinking water. 
The protocol was illustrated in Figure 1A. For induction 
of oral cancer, 4-nitroquinolin-1-oxide (4-NQO) (Sigma-
Aldrich, MO, USA) was dissolved in propylene glycol 
and arecoline hydrobromide (Acros Organics, NJ, USA) 
was dissolved in pure water, respectively, to obtain stock 
solutions at 5 mg/ml, and stored at 4°C until use. After 
acclimatization for 2 weeks, mice were fed with either 
water or 4-NQO (100 μg/ml) and arecoline (500 μg/ml) 
in drinking water for 8 weeks. From the 9th week, mice 
received either sterile water (Control and 4NA groups) or 
CMP-containing water (LCM and HCM groups) for the 
following 20 weeks. 

Observation and histopathological examination

After 8 weeks of exposure to carcinogens, mice 
were raised for another 20 weeks with or without CMP 
treatment. Starting from the 12th week, mice received 
gross examination of the full oral cavity under anesthesia 
with isoflurane (Panion & BF Biotech Inc., Taoyuan, 
Taiwan) bi-weekly, and were recorded by photography. 
Mice were sacrificed with carbon dioxide at the 28th week. 
Blood was collected by cardiac puncture. The tongue 
was cut, washed with normal saline, and photographed 
with a microscope (Olympus, Tokyo, Japan). Every 
lesion in the tongue was measured by a digital caliper 
(World Precision Instruments Inc., FL, USA). Tumor 
size was calculated by the following formula: tumor 
volume (mm3) = (length) * (width) * (width) * 0.5 [38]. 
Each tongue was longitudinally dissected into two parts. 
The tongue was fixed in formalin for 24 hours at room 
temperature. Subsequently, the tongue was washed with 
water, dehydrated with ethanol, and embedded in paraffin. 
For histopathological examination, paraffin blocks were 
cut into 4 μm sections, and stained with hematoxylin and 
eosin. The pathological grades of tongue lesions were 
categorized from mild to severe: hyperplasia, low-grade 
dysplasia (LGD), high-grade dysplasia (HGD), papilloma, 
squamous cell carcinoma (SCC) in situ, and invasive SCC 
[50]. Each pathological lesion was classified according 
to the most severe type of lesion. For example, if a large 
tumor comprised an invasive SCC lesion and a HGD 
lesion, it was graded as invasive SCC (Figure 1A). The 
multiplicity was defined as the number of lesions with the 
same pathological grade in one tongue.

Immunohistochemical staining and quantification 

Tissue blocks were cut into 4 μm thickness serial 
sections for immunohistochemical staining. These 
sections were deparaffinized, rehydrated, soaked with 
sodium citrate buffer for antigen retrieval, quenched 
with 3% H2O2 solution for depletion of endogenous 
peroxidase activity, and incubated with primary 
antibodies, including rabbit anti-ki-67 (#RM-9106, 
Thermo Fisher Scientific, CA, USA), rabbit anti-p-
EGFR Y1086 (#ab40815, Abcam, Cambridge, UK), 
rabbit anti-p-STAT3 Tyr705 (# 04–1059, Millipore, CA, 
USA), and rabbit anti-IL-17A antibodies (#ab91649, 
Abcam, Cambridge, UK) overnight at 4°C. Subsequently, 
sections were incubated with goat anti-rabbit IgG HRP 
detection kit (GBI Labs., WA, USA), and developed 
with DAB Quanto substrate (Lab Vision Co., CA, 
USA). Finally, they were observed under an optical 
microscope (Olympus, Tokyo, Japan), and photographed 
by a software program (BestScope, Beijing, China). 
The expression levels of ki-67, p-EGFR, p-STAT3, and  
IL-17A in SCC tissues were quantified by Image-Pro 
Plus 6.0 software program (Media Cybernetics Inc., MD, 
USA). Data were presented as the percentage of the area 
with DAB staining over the cancer tissues area. 

Assays for tumoricidal activities

Splenocytes were suspended in RPMI 1640 
medium, and co-cultured with MBT-2 mouse bladder 
tumor cells at different ratios for 20 hours. MBT-2 
cells were pre-labeled with CFSE (Carboxyfluorescein 
succinimidyl ester, Molecular Probes, CA, USA) 
following the manufacturer’s instructions. Subsequently, 
all the cells were harvested, washed, stained with 
7-AAD (7-aminoactinomycin D, Molecular Probes, CA, 
USA) for 20 minutes, and analyzed by a flow cytometry 
(Beckman Coulter Inc., CA, USA). The tumoricidal 
activity was defined as the percentage of CFSE and 
7-AAD double positive MBT-2 cells over CFSE single 
positive MBT-2 cells. Either only MBT-2 tumor cells or 
only splenocytes were used as controls in each test. In the 
other experiment, peritoneal macrophages were obtained 
by washing the abdomen with DMEM medium. The 
lavage was collected in sterile tubes, treated with RBC 
lysis buffer, and cultured in 24-well plates at 1.5 × 106 
cells/ well. After overnight incubation, unattached cells 
were removed. On average, two thirds of seeding cells 
were peritoneal macrophages (1.0 × 106 cells/ well). 
Subsequently, we added the CFSE-labeled MBT-2 cells at 
different effector/ tumor cell ratios for another 20 hours. 
All the cells were harvested, washed, stained with 
7-AAD, and analyzed by flow cytometry. The tumoricidal 
activity was defined as mentioned before. Either only 
MBT-2 tumor cells or only macrophages were used as 
controls in each test.
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Establishment of 4NAOC-1 cell line and related 
assays

A tongue tumor from 4NA group was dissected, 
washed with antibiotics-containing PBS, digested with 
0.1% collagenase I and IV for 3 hours at 37°C with gentle 
mechanical movement, removed RBC, and cultured in a 
3-cm plate for 1.5 months with medium refreshment every 
3–4 days. The completed culture medium was composed 
of DMEM/ F-12 (GE Healthcare Hyclone, UT, USA), 
antibiotics (Lonza Group Ltd., Basel, Switzerland), 20 ng/ml  
recombinant mouse epithelium growth factor and basic 
fibroblast growth factor (Prospec, Ness-Ziona, Israel), 
10 μg/ml recombinant human insulin (Calbiochem, CA, 
USA), 1 μM dexamethasone (Calbiochem, CA, USA), 
and 10% fetal bovine serum (GE Healthcare Hyclone, UT, 
USA). A tongue tumor was resected from a mouse of the 
4NA group, grinded, and cultured in the completed medium 
for four months in 2016. In the period, these cells were 
treated with 0.01% to 0.05% trypsin solution to remove 
fibroblasts from the primary culture in accordance with a 
published paper [51]. In the end, we obtained cells which 
were positive with flow cytometry for cytokeratin 14 
(#ab181595, Abcam, Cambridge, UK) in more than 95% 
of cells. Cytokeratin 14 is present in oral epithelial cells, but 
not in fibroblasts. The final date of re-authentication was 
done in Jan. 2017 with the same method mentioned above. 

The bioactive compounds used for in vitro 
experiments were purchased from Sigma-Aldrich, except 
for EPS, which was purified in our laboratory following a 
published method [20]. The survival rate and proliferation 
rate of 4NAOC-1 cells was effectuated with alamarBlue® 
cell viability assay protocol (Thermo Fisher Scientific 
Inc., CA, USA). The colony formation assay was done by 
seeding 1 × 104 cells/ well in 6-well culture plates with or 
without treatment for 5 days, then cells were fixed, stained 
with crystal violet, counted, and taken pictures. The soft 
agar assay was performed with the lower agar layer (0.5%) 
and the upper agar layer (0.3%) with or without treatment 
for 4 weeks, then cells were stained with crystal violet, 
counted, and photographed. For apoptosis and cell cycle 
analysis, cells were treated with  CMP or cordycepin at 
indicated concentrations for three days; subsequently, cells 
were collected, washed with PBS, stained with annexin v/ 
7-AAD (BD Biosciences, CA, USA) or propidium iodide 
(PI, BD Biosciences, CA, USA), and analyzed by a flow 
cytometer. For IL-17A, IFN-γ, and TNFα stimulation, cells 
were seeded in the culture plate for 24 hours with serum 
starvation, then cells were stimulated with recombinant 
mouse IL-17A, IFN-γ, and TNFα (Biolegend Inc., CA, 
USA) for the indicated time periods. For 5-Bromo-2´-
Deoxyuridine (BrdU) proliferation assay, cells were 
treated with IL-17A and/ or cordycepin for consecutive 
3 days, and BrdU was added at the last 24 hours (final 
concentration 10 μM), then cells were washed with 
PBS, fixed, permeabilized, and stained with anti-BrdU 
monoclonal antibody (Abcam, Cambridge, UK).

Western blotting

Equivalent total protein lysates were loaded in 
each lane, run on SDS-PAGE, transferred to PVDF 
membranes, blocked with 5% skim milk, incubated with 
primary antibodies overnight at 4°C, including anti-
p-EGFR Y1092(#ab40815, Abcam, Cambridge, UK), 
EGFR (#ab52894, Abcam, Cambridge, UK), β-catenin 
(#ab32572, Abcam, Cambridge, UK), cyclin B1 (#4135, 
Cell Signaling Technology Inc., MA, USA), p-p70 S6K 
Thr421/ Ser424 (#9204, Cell Signaling Technology Inc., 
MA, USA), p70 S6K (#2708, Cell Signaling Technology 
Inc., MA, USA), p-Erk1/2 Thr202/ Tyr204 (#9101, Cell 
Signaling Technology Inc., MA, USA), Erk1/2 (#4696, Cell 
Signaling Technology Inc., MA, USA), p-STAT3 Tyr705 
(#9145, Cell Signaling Technology Inc., MA, USA), 
STAT3 (#569388, Calbiochem, CA, USA), p-STAT1 Y701 
(#ab29045, Cell Signaling Technology Inc., MA, USA), 
STAT1 (#06–501, EMD Millipore Corporation, CA, USA), 
GAPDH (#ab181602, Abcam, Cambridge, UK), and β-actin 
(#A5441, Sigma-Aldrich, MO, USA), and observed under a 
chemiluminescence system.

Flow cytometric assays for membrane proteins

After cordycepin treatment, 4NAOC-1 cells were 
washed with PBS, fixed, permeabilized with 0.1% triton 
x-100, blocked with anti-CD16/32 monoclonal antibody 
(eBioscience, CA, USA), and stained with IL-17RA 
(eBioscience, CA, USA), PD-L1 (Biolegend, CA, USA), 
and PD-L2 (Abcam, Cambridge, UK) monoclonal antibodies 
for 2 hours at room temperature. Subsequently, cells were 
analyzed with flow cytometry (Beckman Coulter FC500, 
CA, USA), and results were plotted with Flowing Software 
2.5.1 (Cell Imaging Core, Turku Centre for Biotechnology).

Ex vivo mononuclear cell stimulation

At sacrifice, the cervical lymph nodes (CLN), 
mesenteric lymph nodes (MLN), and the spleen were 
immediately dissected. Lymph node tissues were grinded 
by a homogenizer, treated with Ficoll-paque PLUS (GE 
Healthcare Bio-sciences AB, Sweden), and removed 
erythrocytes by a RBC lysis buffer (BD Biosciences, CA, 
USA). Recovered cells were suspended in a 10% FBS 
RPMI 1640 medium with 1% penicillin and streptomycin. 
Subsequently, these recovered cells (1.2 × 106 cells/ ml) 
were stimulated with phorbol 12-myristate 13-acetate 
(PMA, Calbiochem) at 50 ng/ml and ionomycin at 500 
ng/ml (Calbiochem) for 36 hours at 37°C. The culture 
supernatants were collected and stored at –80°C until use. 

ELISA for cytokines in the serum and culture 
supernatants

Before analysis, all samples were centrifuged to 
remove debris. Cytokine levels were measured by ELISA kits 
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(eBioscience, CA, USA and R&D systems Inc., MN, USA) 
and all the procedures followed the manufacturers’ instructions.

In vitro differentiation of IL-17A-expressing cells

Splenocytes from naïve B6 mice and cervical lymph 
node cells from tongue tumor-bearing mice were cultured 
with Th17 promoting agents for 3 days. Cells were pre-
treated with cordycepin or other ingredients for 3 hours, 
following co-cultured with Th17 promoting agents for 
3 days. The Th17 promoting agents were composed of 
anti-CD3 mAbs (1 μg/ml, clone 145–2C11), anti-CD28 
mAbs (1 μg/ml, clone 37.51), anti-IFN-γ mAbs (1 μg/ml,  
clone XMG1.2), anti-IL-4 mAbs (1 μg/ml, clone 11B11), 
rIL-6 (50 ng/ml, Biolegend), rIL-23 p19 (5 ng/ml,  
Biolegend), and rTGF-β (1 ng/ml, Biolegend). After 3 days, 
cells and supernatants were collected. Cells were re-
stimulated with PMA (50 ng/ml) and ionomycin (500 ng/ml) 
for 8 hours with monensin and brefeldin A. Subsequently, 
cells were harvested, permeabilized with Cytofix/Cytoperm 
solution (BD Biosciences, CA, USA), blocked with anti-
CD16/32 mAbs (eBioscience, CA, USA), and stained with 
anti-CD3 (clone 145–2C11), anti-CD4 (clone RM4-5), and 
anti-IL-17A (clone TC11-18H10) mAbs for detection of 
IL-17A-expressing cells by flow cytometry. Levels of IL-
17A and LDH (Takara Bio Inc., Kyoto, Japan) in the culture 
supernatants were analyzed with ELISA kits.

Ex vivo TNFα stimulation

Peritoneal macrophages of naïve B6 mice were treated 
with cordycepin or EPS for 24 hours at 1 × 106 cells/ well. 
The cultured supernatants were collected, and analyzed 
levels of TNFα with an ELISA kit (eBioscience, CA, USA). 
The attached macrophages were lysed with lysis buffer, and 
measured total amounts of protein by BCA method. 

Measurement of mRNA transcripts

Total RNA was isolated from lymph node cells 
and splenocytes with a commercial RNA purification kit 
(Zymo Research Corporation, MA, USA). Total RNA was 
reversed by a MMLV transcriptase (Applied Biosystems, 
CA, USA) to form the cDNA. Levels of mRNA transcript 
were determined with a SYBG green real-time PCR 
master mix kit (Toyobo Co., LTD, Osaka, Japan) on ABI 
7300 real-time PCR system (Applied Biosystems, CA, 
USA). No template control was used as a negative control 
to avoid any contamination. The expression level of each 
target gene was normalized to β-actin (ΔCt) and plotted as 
n-fold changes to control group (2-ΔΔCt).

Statistical analysis

We used one-way ANOVA following Tukey’s test 
(GraphPad Software, CA, USA) for all the experimental 
data, except for the tumoricidal activities, which were 

analyzed by one-way ANOVA following Duncan’s 
multiple range test (SPSS v20, IBM Corporation, NY, 
USA). The incidence was effectuated with Fisher’s 
exact test by SPSS software. P value smaller than 0.05 is 
considered statistically significant.

CONCLUSIONS

CMP and its ingredient cordycepin can inhibit 
carcinogenesis in a murine model for oral cancer. The anti-
tumor mechanisms depend on inhibition of EGFR- and IL-
17RA-signaling and enhancement of anti-tumor immune 
responses. Further clinical studies are needed to prove the 
therapeutic effects of CMP in cancer patients, particularly 
in whom EGFR and IL-17RA play a pivotal role.

Author contributions

Peng-Yang Hsu performed the in vitro and in vivo 
experiments, interpreted the results, and drafted and 
revised the manuscript; Yueh-Hsin Lin maintained the 
experimental animals and replaced the CMP drinking 
water; Erh-Ling Yeh analyzed the content of bioactive 
ingredients in CMP; Hui-Chen Lo carefully read the 
manuscript and gave recommendation; Tai-Hao Hsu and 
Che-Chun Su conceived and designed the experiments, 
drafted and revised the manuscript.

ACKNOWLEDGMENTS

We thank Mr. Shao-Kang Hsu, and Mr. Hung-Pin 
Chan at Department of Bioindustry Technology of Da-Yeh 
University for their helps in observation, measurement, and 
photograph of oral lesions; Dr. Jun-Kai Kao and Mr. Chien-
Sheng Hsu at Department of Pediatrics of Changhua Christian 
Hospital for their helps in tumoricidal activity assay; Dr. Tzu-
Cheng Su at Department of Pathology of Changhua Christian 
Hospital for his help in diagnosis of oral lesions, Mr. Yi-
Jin Shi at Rapid Science Co., Ltd. for his help in CBC/DC 
assay; and Dr. Susan Olmstead-Wang at the Johns Hopkins 
University for her help in English editing of the manuscript.

FUNDING

This work was supported by funds from the Ministry 
of Science and Technology, Executive Yuan, Taiwan, 
R.O.C. under the grant number NSC101-2632-E-212-
001-MY3, MOST 104-2622-E-212-002-CC2, and MOST 
104-2632-E-212-001.

REFERENCES

 1. Yu H, Kortylewski M, Pardoll D. Crosstalk between 
cancer and immune cells: role of STAT3 in the tumour 
microenvironment. Nat Rev Immunol. 2007; 7:41–51. 
https://doi.org/10.1038/nri1995.



Oncotarget93726www.impactjournals.com/oncotarget

 2. Olson OC, Joyce JA. Microenvironment-mediated 
resistance to anticancer therapies. Cell Res. 2013; 23:179–
81. https://doi.org/10.1038/cr.2012.123.

 3. Benevides L, da Fonseca DM, Donate PB, Tiezzi DG, 
De Carvalho DD, de Andrade JM, Martins GA, Silva JS. 
IL17 Promotes Mammary Tumor Progression by Changing 
the Behavior of Tumor Cells and Eliciting Tumorigenic 
Neutrophils Recruitment. Cancer Res. 2015; 75:3788–99. 
https://doi.org/10.1158/0008-5472.CAN-15-0054.

 4. Ma S, Cheng Q, Cai Y, Gong H, Wu Y, Yu X, Shi L, Wu D, 
Dong C, Liu H. IL-17A produced by gammadelta T cells 
promotes tumor growth in hepatocellular carcinoma. Cancer 
Res. 2014; 74:1969–82. https://doi.org/10.1158/0008-5472.
CAN-13-2534.

 5. Chang SH, Mirabolfathinejad SG, Katta H, Cumpian AM, 
Gong L, Caetano MS, Moghaddam SJ, Dong C. T helper 17 
cells play a critical pathogenic role in lung cancer. Proc Natl 
Acad Sci U S A. 2014; 111:5664–9. https://doi.org/10.1073/
pnas.1319051111.

 6. Gu FM, Li QL, Gao Q, Jiang JH, Zhu K, Huang XY, Pan 
JF, Yan J, Hu JH, Wang Z, Dai Z, Fan J, Zhou J. IL-17 
induces AKT-dependent IL-6/JAK2/STAT3 activation and 
tumor progression in hepatocellular carcinoma. Mol Cancer. 
2011; 10:150. https://doi.org/10.1186/1476-4598-10-150.

 7. Wang L, Yi T, Zhang W, Pardoll DM, Yu H. IL-17 
enhances tumor development in carcinogen-induced 
skin cancer. Cancer Res. 2010; 70:10112–20. https://doi.
org/10.1158/0008-5472.CAN-10-0775.

 8. Wang L, Yi T, Kortylewski M, Pardoll DM, Zeng D, Yu 
H. IL-17 can promote tumor growth through an IL-6-Stat3 
signaling pathway. J Exp Med. 2009; 206:1457–64. https://
doi.org/10.1084/jem.20090207.

 9. Tartour E, Fossiez F, Joyeux I, Galinha A, Gey A, Claret 
E, Sastre-Garau X, Couturier J, Mosseri V, Vives V, 
Banchereau J, Fridman WH, Wijdenes J, et al. Interleukin 
17, a T-cell-derived cytokine, promotes tumorigenicity of 
human cervical tumors in nude mice. Cancer Res. 1999; 
59:3698–704.

10. Coffelt SB, Kersten K, Doornebal CW, Weiden J, Vrijland 
K, Hau CS, Verstegen NJ, Ciampricotti M, Hawinkels LJ, 
Jonkers J, de Visser KE. IL-17-producing gammadelta 
T cells and neutrophils conspire to promote breast 
cancer metastasis. Nature. 2015; 522:345–8. https://doi.
org/10.1038/nature14282.

11. Chung AS, Wu X, Zhuang G, Ngu H, Kasman I, Zhang 
J, Vernes JM, Jiang Z, Meng YG, Peale FV, Ouyang W, 
Ferrara N. An interleukin-17-mediated paracrine network 
promotes tumor resistance to anti-angiogenic therapy. Nat 
Med. 2013; 19:1114–23. https://doi.org/10.1038/nm.3291.

12. Garcia-Hernandez Mde L, Hamada H, Reome JB, Misra 
SK, Tighe MP, Dutton RW. Adoptive transfer of tumor-
specific Tc17 effector T cells controls the growth of B16 
melanoma in mice. J Immunol. 2010; 184:4215–27. https://
doi.org/10.4049/jimmunol.0902995.

13. Konur A, Schulz U, Eissner G, Andreesen R, Holler E. 
Interferon (IFN)-gamma is a main mediator of keratinocyte 
(HaCaT) apoptosis and contributes to autocrine IFN-gamma 
and tumour necrosis factor-alpha production. Br J Dermatol. 
2005; 152:1134–42. https://doi.org/10.1111/j.1365-
2133.2005.06508.x.

14. Wall L, Burke F, Barton C, Smyth J, Balkwill F. IFN-
gamma induces apoptosis in ovarian cancer cells in vivo 
and in vitro. Clin Cancer Res. 2003; 9:2487–96.

15. Huang AC, Postow MA, Orlowski RJ, Mick R, Bengsch B, 
Manne S, Xu W, Harmon S, Giles JR, Wenz B, Adamow M, 
Kuk D, Panageas KS, et al. T-cell invigoration to tumour 
burden ratio associated with anti-PD-1 response. Nature. 
2017; 545:60–5. https://doi.org/10.1038/nature22079.

16. Cha JY, Ahn HY, Cho YS, Je JY. Protective effect of 
cordycepin-enriched Cordyceps militaris on alcoholic 
hepatotoxicity in Sprague-Dawley rats. Food Chem Toxicol. 
2013; 60:52–7. https://doi.org/10.1016/j.fct.2013.07.033.

17. Won SY, Park EH. Anti-inflammatory and related 
pharmacological activities of cultured mycelia and fruiting 
bodies of Cordyceps militaris. J Ethnopharmacol. 2005; 
96:555–61. https://doi.org/10.1016/j.jep.2004.10.009.

18. Ruma IM, Putranto EW, Kondo E, Watanabe R, Saito 
K, Inoue Y, Yamamoto K, Nakata S, Kaihata M, Murata 
H, Sakaguchi M. Extract of Cordyceps militaris inhibits 
angiogenesis and suppresses tumor growth of human 
malignant melanoma cells. Int J Oncol. 2014; 45:209–18. 
https://doi.org/10.3892/ijo.2014.2397.

19. Chou SM, Lai WJ, Hong TW, Lai JY, Tsai SH, Chen 
YH, Yu SH, Kao CH, Chu R, Ding ST, Li TK, Shen 
TL. Synergistic property of cordycepin in cultivated 
Cordyceps militaris-mediated apoptosis in human leukemia 
cells. Phytomedicine. 2014; 21:1516–24. https://doi.
org/10.1016/j.phymed.2014.07.014.

20. Lee JS, Kwon DS, Lee KR, Park JM, Ha SJ, Hong 
EK. Mechanism of macrophage activation induced 
by polysaccharide from Cordyceps militaris culture 
broth. Carbohydr Polym. 2015; 120:29–37. https://doi.
org/10.1016/j.carbpol.2014.11.059.

21. Zhu SJ, Pan J, Zhao B, Liang J, Ze-Yu W, Yang JJ. 
Comparisons on enhancing the immunity of fresh and dry 
Cordyceps militaris in vivo and in vitro. J Ethnopharmacol. 
2013; 149:713–9. https://doi.org/10.1016/j.jep.2013.07.037.

22. Kim GY, Ko WS, Lee JY, Lee JO, Ryu CH, Choi BT, Park 
YM, Jeong YK, Lee KJ, Choi KS, Heo MS, Choi YH. Water 
extract of Cordyceps militaris enhances maturation of murine 
bone marrow-derived dendritic cells in vitro. Biol Pharm 
Bull. 2006; 29:354–60. https://doi.org/10.1248/bpb.29.354.

23. Ko BS, Lu YJ, Yao WL, Liu TA, Tzean SS, Shen TL, Liou 
JY. Cordycepin regulates GSK-3beta/beta-catenin signaling 
in human leukemia cells. PLoS One. 2013; 8:e76320. 
https://doi.org/10.1371/journal.pone.0076320.

24. Jeong JW, Jin CY, Park C, Han MH, Kim GY, Moon SK, 
Kim CG, Jeong YK, Kim WJ, Lee JD, Choi YH. Inhibition 



Oncotarget93727www.impactjournals.com/oncotarget

of migration and invasion of LNCaP human prostate 
carcinoma cells by cordycepin through inactivation of Akt. 
Int J Oncol. 2012; 40:1697–704. https://doi.org/10.3892/
ijo.2012.1332.

25. Wang Z, Wu X, Liang YN, Wang L, Song ZX, Liu JL, 
Tang ZS. Cordycepin Induces Apoptosis and Inhibits 
Proliferation of Human Lung Cancer Cell Line H1975 via 
Inhibiting the Phosphorylation of EGFR. Molecules. 2016; 
21. https://doi.org/10.3390/molecules21101267.

26. Chang NW, Pei RJ, Tseng HC, Yeh KT, Chan HC, Lee MR, 
Lin C, Hsieh WT, Kao MC, Tsai MH, Lin CF. Co-treating 
with arecoline and 4-nitroquinoline 1-oxide to establish 
a mouse model mimicking oral tumorigenesis. Chem 
Biol Interact. 2010; 183:231–7. https://doi.org/10.1016/j.
cbi.2009.10.005.

27. De Costa AM, Schuyler CA, Walker DD, Young MR. 
Characterization of the evolution of immune phenotype 
during the development and progression of squamous 
cell carcinoma of the head and neck. Cancer Immunol 
Immunother. 2012; 61:927–39. https://doi.org/10.1007/
s00262-011-1154-8.

28. Bose A, Chakraborty T, Chakraborty K, Pal S, Baral R. 
Dysregulation in immune functions is reflected in tumor cell 
cytotoxicity by peripheral blood mononuclear cells from 
head and neck squamous cell carcinoma patients. Cancer 
Immun. 2008; 8:10.

29. Leeman-Neill RJ, Seethala RR, Singh SV, Freilino ML, 
Bednash JS, Thomas SM, Panahandeh MC, Gooding WE, 
Joyce SC, Lingen MW, Neill DB, Grandis JR. Inhibition 
of EGFR-STAT3 signaling with erlotinib prevents 
carcinogenesis in a chemically-induced mouse model of 
oral squamous cell carcinoma. Cancer Prev Res (Phila). 
2011; 4:230–7. https://doi.org/10.1158/1940-6207.CAPR-
10-0249.

30. Chapman CH, Saba NF, Yom SS. Targeting epidermal 
growth factor receptor for head and neck squamous cell 
carcinoma: still lost in translation? Ann Transl Med. 2016; 
4:80. https://doi.org/10.3978/j.issn.2305-5839.2016.01.01.

31. Shin DM, Ro JY, Hong WK, Hittelman WN. Dysregulation 
of epidermal growth factor receptor expression in 
premalignant lesions during head and neck tumorigenesis. 
Cancer Res. 1994; 54:3153–9.

32. Ang KK, Berkey BA, Tu X, Zhang HZ, Katz R, Hammond 
EH, Fu KK, Milas L. Impact of epidermal growth factor 
receptor expression on survival and pattern of relapse in 
patients with advanced head and neck carcinoma. Cancer Res. 
2002; 62:7350–6.

33. Dassonville O, Formento JL, Francoual M, Ramaioli A, 
Santini J, Schneider M, Demard F, Milano G. Expression 
of epidermal growth factor receptor and survival in upper 
aerodigestive tract cancer. J Clin Oncol. 1993; 11:1873–8. 
https://doi.org/10.1200/jco.1993.11.10.1873.

34. Punt S, Dronkers EA, Welters MJ, Goedemans R, 
Koljenovic S, Bloemena E, Snijders PJ, Gorter A, van der 
Burg SH, Baatenburg de Jong RJ, Jordanova ES. A beneficial 

tumor microenvironment in oropharyngeal squamous cell 
carcinoma is characterized by a high T cell and low IL-
17(+) cell frequency. Cancer Immunol Immunother. 2016; 
65:393–403. https://doi.org/10.1007/s00262-016-1805-x.

35. Punt S, Fleuren GJ, Kritikou E, Lubberts E, Trimbos JB, 
Jordanova ES, Gorter A. Angels and demons: Th17 cells 
represent a beneficial response, while neutrophil IL-17 is 
associated with poor prognosis in squamous cervical cancer. 
Oncoimmunology. 2015; 4:e984539. https://doi.org/10.416
1/2162402X.2014.984539.

36. Li FJ, Cai ZJ, Yang F, Zhang SD, Chen M. Th17 expression 
and IL-17 levels in laryngeal squamous cell carcinoma 
patients. Acta Otolaryngol. 2016; 136:484–90. https://doi.
org/10.3109/00016489.2015.1126857.

37. Kesselring R, Thiel A, Pries R, Trenkle T, Wollenberg 
B. Human Th17 cells can be induced through head and 
neck cancer and have a functional impact on HNSCC 
development. Br J Cancer. 2010; 103:1245–54. https://doi.
org/10.1038/sj.bjc.6605891.

38. Nardinocchi L, Sonego G, Passarelli F, Avitabile S, 
Scarponi C, Failla CM, Simoni S, Albanesi C, Cavani 
A. Interleukin-17 and interleukin-22 promote tumor 
progression in human nonmelanoma skin cancer. Eur 
J Immunol. 2015; 45:922–31. https://doi.org/10.1002/
eji.201445052.

39. Zhu X, Mulcahy LA, Mohammed RA, Lee AH, Franks HA, 
Kilpatrick L, Yilmazer A, Paish EC, Ellis IO, Patel PM, 
Jackson AM. IL-17 expression by breast-cancer-associated 
macrophages: IL-17 promotes invasiveness of breast cancer 
cell lines. Breast Cancer Res. 2008; 10:R95. https://doi.
org/10.1186/bcr2195.

40. Kimura A, Naka T, Kishimoto T. IL-6-dependent and 
-independent pathways in the development of interleukin 
17-producing T helper cells. Proc Natl Acad Sci U 
S A. 2007; 104:12099–104. https://doi.org/10.1073/
pnas.0705268104.

41. Kimura A, Naka T, Nohara K, Fujii-Kuriyama Y, Kishimoto 
T. Aryl hydrocarbon receptor regulates Stat1 activation and 
participates in the development of Th17 cells. Proc Natl 
Acad Sci U S A. 2008; 105:9721–6. https://doi.org/10.1073/
pnas.0804231105.

42. Xuzhu G, Komai-Koma M, Leung BP, Howe HS, McSharry 
C, McInnes IB, Xu D. Resveratrol modulates murine 
collagen-induced arthritis by inhibiting Th17 and B-cell 
function. Ann Rheum Dis. 2012; 71:129–35. https://doi.
org/10.1136/ard.2011.149831.

43. Baek SY, Lee J, Lee DG, Park MK, Lee J, Kwok SK, Cho 
ML, Park SH. Ursolic acid ameliorates autoimmune arthritis 
via suppression of Th17 and B cell differentiation. Acta 
Pharmacol Sin. 2014; 35:1177–87. https://doi.org/10.1038/
aps.2014.58.

44. Reissfelder C, Stamova S, Gossmann C, Braun M, Bonertz 
A, Walliczek U, Grimm M, Rahbari NN, Koch M, Saadati 
M, Benner A, Buchler MW, Jager D, et al. Tumor-specific 
cytotoxic T lymphocyte activity determines colorectal 



Oncotarget93728www.impactjournals.com/oncotarget

cancer patient prognosis. J Clin Invest. 2015; 125:739–51. 
https://doi.org/10.1172/JCI74894.

45. Braumuller H, Wieder T, Brenner E, Assmann S, Hahn 
M, Alkhaled M, Schilbach K, Essmann F, Kneilling M, 
Griessinger C, Ranta F, Ullrich S, Mocikat R, et al. T-helper-
1-cell cytokines drive cancer into senescence. Nature. 2013; 
494:361–5. https://doi.org/10.1038/nature11824.

46. Lazarevic V, Glimcher LH, Lord GM. T-bet: a bridge 
between innate and adaptive immunity. Nat Rev Immunol. 
2013; 13:777–89. https://doi.org/10.1038/nri3536.

47. Shah S, Caruso A, Cash H, Waes CV, Allen CT. Pools of 
programmed death-ligand within the oral cavity tumor 
microenvironment: Variable alteration by targeted therapies. 
Head Neck. 2016; 38:1176–86. https://doi.org/10.1002/
hed.24269.

48. Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas 
AD, Licitra L, Harrington K, Kasper S, Vokes EE, Even C, 
Worden F, Saba NF, Iglesias Docampo LC, et al. Nivolumab 
for Recurrent Squamous-Cell Carcinoma of the Head and 

Neck. N Engl J Med. 2016; 375:1856–67. https://doi.
org/10.1056/NEJMoa1602252.

49. Kamata T, Suzuki A, Mise N, Ihara F, Takami M, Makita 
Y, Horinaka A, Harada K, Kunii N, Yoshida S, Yoshino 
I, Nakayama T, Motohashi S. Blockade of programmed 
death-1/programmed death ligand pathway enhances the 
antitumor immunity of human invariant natural killer T 
cells. Cancer Immunol Immunother. 2016; 65:1477–89. 
https://doi.org/10.1007/s00262-016-1901-y.

50. Tang XH, Knudsen B, Bemis D, Tickoo S, Gudas LJ. 
Oral cavity and esophageal carcinogenesis modeled in 
carcinogen-treated mice. Clin Cancer Res. 2004; 10:301–
13. https://doi.org/10.1158/1078-0432.CCR-0999-3.

51. Dimitriou ID, Kapsogeorgou EK, Abu-Helu RF, 
Moutsopoulos HM, Manoussakis MN. Establishment of a 
convenient system for the long-term culture and study of 
non-neoplastic human salivary gland epithelial cells. Eur J 
Oral Sci. 2002; 110:21–30. https://doi.org/10.1034/j.1600-
0722.2002.00152.x.


