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Abstract
Background
Despite reports of a link between human papillomavirus (HPV) infection and mechanistic target of
rapamycin (mTOR) signaling activation, the role of the mTOR pathway, especially raptor and rictor, in
HPV-related head and neck cancer is still unclear. The aim of the present study was to elucidate the role
of the mTOR pathway in HPV-related oropharyngeal squamous cell carcinoma (OPSCC).
Methods
The present study involved two strategies. The first was to investigate the activity of mTOR and mTORrelated complexes in high-risk HPV-positive (UM-SCC47 and CaSki) and HPV-negative (SCC-4 and SAS)
cancer cell lines. The second was to elucidate mTOR complex expression in 80 oropharyngeal cancer
tissues and to examine the relationship between mTOR complex expression and survival in patients with
OPSCC.
Results
The UM-SCC47 and CaSki cell lines showed high gene and protein expression of raptor. They also
exhibited G1/S and G2/M phase cell cycle arrest following 24 h incubation with 6 μM temsirolimus, a
rapamycin analog, and temsirolimus administration inhibited their growth. HPV-related OPSCC samples
showed high gene expression of raptor and rictor compared with HPV-unrelated OPSCC. In addition, HPVrelated OPSCC patients with high raptor and rictor expression tended to have a worse prognosis than
those with low or medium expression.
Conclusions
These results suggest that raptor has an important role in HPV-related OPSCC and that temsirolimus is a
potential therapeutic agent for patients with HPV-related OPSCC. This is the first report to reveal
overexpression of raptor and rictor in HPV-related OPSCC.

Background
The mechanistic target of rapamycin (mTOR) forms two complexes, namely, mTOR complex 1 (mTORC1)
and mTOR complex 2 (mTORC2) (1, 2). mTORC1 has many well-established biological actions such as
controlling protein and lipid synthesis, autophagy, energy metabolism, and cell survival/metabolism (3,
4). In contrast, the functions of mTORC2 have not been fully clarified (5–7). Proteins located downstream
of mTORC1, such as eukaryotic translation initiation factor 4E binding protein 1 (4E-BP1) and eukaryotic
translation initiation factor 4E (eIF4E) (Fig. 1), exert significant control over cap-dependent translation,
cell growth, and cancer initiation and progression (8, 9). Inhibition of the mTOR signaling pathway
reduces the proliferation and anchorage-independent growth of cancer cells and glioma cells (6, 10).
Rapamycin, which is an mTOR inhibitor, binds to 12-kDa FK506-binding protein (FKBP12), subsequently
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causing mTORC1 to dissociate from raptor, a component of mTORC1 (4). Raptor is a scaffold protein
that regulates the assembly, localization, and substrate binding to its substrates 4E-BP1 and p70S6
kinase and promotes its close apposition with mTORC1 (1, 9). Rapamycin analogs (rapalogs) have been
developed for the treatment of cancer, and the first rapalog was temsirolimus, which was approved for
the treatment of renal cell carcinoma by the US Food and Drug Administration in 2007 (11).
Head and neck cancer is the sixth most common cancer worldwide, accounting for approximately 5% of
all cancer cases (12). Excessive alcohol consumption and smoking are well-known risk factors for head
and neck cancer (13, 14). Although alcohol and tobacco use have decreased in recent years, the incidence
of oropharyngeal cancer has nevertheless continued to increase (15). The main cause of this
phenomenon is the increase in the incidence of human papillomavirus (HPV)-related oropharyngeal
cancer arising in the tonsillar region and the base of the tongue (16). HPV-related oropharyngeal
squamous cell carcinoma (OPSCC) has a significantly better survival rate compared with other forms of
OPSCC (14, 17, 18). The clinical staging system for OPSCC separates HPV-related cancer from HPVunrelated cancer in the 8th edition American Joint Committee on Cancer (AJCC) TNM classification (18,
19). Because HPV-related OPSCC has a fair response to treatment, de-escalation treatment studies in
HPV-related OPSCC are in progress (20–22).
Of the many signaling pathways related to tumor growth, the phosphoinositide 3-kinase
(PI3K)/Akt/mTOR signaling pathway is frequently activated in cervical cancer and HPV-related head and
neck squamous cell carcinoma (HNSCC) (23–30). The administration of rapamycin alone significantly
prolonged survival in an HPV-positive HNSCC murine model (28). Despite reports of a link between HPV
infection and mTOR signaling activation, the role of the mTOR pathway, especially raptor and rictor,
which are key molecules in the mTOR pathway, in HPV-related HNSCC remains unclear. Therefore, the
aim of this study was to elucidate the role of the mTOR pathway in HPV-related OPSCC.

Methods

Study design
The present study involved two strategies. The first was to investigate the activity of mTOR and mTORrelated complexes in high-risk (HR)-HPV-positive and HR-HPV-negative cancer cell lines. The second was
to examine the expression of mTOR complexes in tissue from patients with OPSCC.

Cell lines and cell culture
Human tongue carcinoma SCC-4 and SAS cell lines were used as HR-HPV-negative cell lines, while
human oral cavity carcinoma UM-SCC47 and human cervical carcinoma CaSki cell lines were used as
HR-HPV-positive cell lines. SCC-4 and SAS cells were obtained from the National Institute of Biomedical
Innovation (JCRB Cell Bank, Osaka, Japan). CaSki cells were obtained from the European Collection of
Authenticated Cell Cultures (Salisbury, UK). UM-SCC47 cells were isolated from a patient with lateral
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tongue cancer (a gift from Professor Thomas E. Carey, University of Michigan). The presence of HR-HPV
DNA in the UM-SCC47 and CaSki cell lines was confirmed by PCR using the primers shown in Table 1
(Fig. 2a) and in situ hybridization of HR-HPV DNA (Fig. 2b) (31).
SCC-4 and SAS cells were cultured in Dulbecco’s modified Eagle’s medium/F12 containing 10% fetal
bovine serum, 100 IU/mL penicillin, and 100 µg/mL streptomycin. UM-SCC47 and CaSki cells were
cultured in RPMI-1640 medium containing 10% fetal bovine serum, 100 IU/mL penicillin, and 100 µg/mL
streptomycin. All cells were cultured at 37 °C in an incubator with 5% CO2.
Table 1
Primers used in the present study
Cloning primers

Sequence

GP5+

5’-TTTGTTACTGTGGTAGATACTAC‐3’

GP6+

5’-GAAAAATAAACTGTAAATCATATTC‐3’

MY09

5’-CGTCCMARRGGAWACTGATC‐3’

MY11

5’-GCMCAGGGWCATAAYAATGG‐3’

E6-F

5’-AATGTTTCAGGACCCACAGG‐3’

E7-F

5’-TGAAATAGATGGTCCAGCTGG‐3’

E7-R

5’-TGCCCATTAACAGGTCTTCC‐3’

GAPDH-F

5’-AATGGAAATCCCATCACC‐3’

GAPDH-R

5’-CAGCCTTGGCAGCGCCAG‐3’

Real-time PCR primers

Sequence

Raptor-F

5’-ACTGATGGAGTCCGAAATGC‐3’

Raptor-R

5’-TCATCCGATCCTTCATCCTC‐3’

Rictor-F

5’-TGTATGCAAGAGCCAAGCAC‐3’

Rictor-R

5’-CTGATTCCTGCTTTCCACAAG‐3’

b-Actin-F

5’-CTCTTCCAGCCTTCCTTCCT‐3’

b-Actin-R

5’-AGCACTGTGTTGGCGTACAG‐3’

Real-time PCR
The SCC-4, SAS, UM-SCC47, and CaSki cell lines were cultured in 6-well plates for 2 days at a density of
1.0 × 105 cells/well with 2 mL medium. Total RNA was extracted from the cells using Isogen (Nippon
Gene, Tokyo, Japan). A PrimeScript RT Reagent Kit with gDNA Eraser (Takara Bio, Shiga, Japan) was
used to remove genomic DNA contamination and to synthesize cDNA from 500 ng total RNA. Real-time
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PCR was performed using the CFX-96 Real-Time PCR System (Bio-Rad, Hercules, CA). The relative mRNA
expression of raptor and rictor was calculated with the ΔΔCt method using β-actin for normalization. A
PCR reaction mixture (10 µL) contained 2 µL sample cDNA (10 ng/µL), 0.3 µM each of forward and
reverse primers (Table 1), and 5 µL SYBR Premix Ex Taq II (Tli RNase H plus; Takara, Otsu, Japan).
Amplification was carried out at 95 °C for 30 s, followed by 40 cycles at 95 °C for 5 s and 60 °C for 30 s.
Specific amplification was verified by melting curve analysis and gel electrophoresis of the PCR products.
All samples were measured in duplicate. For the ΔΔCt method, calibration curves for each gene were
generated by using CaSki cDNA as a template. The PCR efficiency of raptor, rictor, and β-actin was 91.2%,
117%, and 93.4%, respectively (data not shown).

Western blot analysis
The SCC-4, SAS, UM-SCC47, and CaSki cell lines were cultured for 3 days at a density of 5.0 × 105 cells
per 25 cm2 with 5 mL medium, and the cells were 80% confluent after 3 days. The cells were lysed in a
buffer containing 62.5 mM Tris-HCl (pH 6.8), 2% SDS, 10% glycerol, and 6% of 2-mercaptoethanol. Total
protein concentration was determined using a DC Protein Assay Kit (Bio-Rad) with bovine serum albumin
as the standard. Total protein (1 µg/µL) was separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred to polyvinylidene difluoride (PVDF) membranes (Bio-Rad). The
membranes were blocked in PVDF Blocking Reagent for Can Get Signal® (TOYOBO Co., Ltd., Osaka,
Japan) for 15 min and incubated with 1:1000 diluted primary antibodies (phospho-mTOR [Ser2448],
phospho-mTOR [Ser2481], mTOR, raptor, rictor, and G-protein β-subunit-like [GβL]; Cell Signaling
Technology, Danvers, MA) at 4 °C overnight. Pan-actin immunoexpression (Cell Signaling Technology)
was used as an internal control. The membranes were incubated with a secondary antibody (Cell
Signaling Technology) for 1 h at room temperature. Finally, the protein bands were detected using
Clarity™ Western ECL Substrate (Bio-Rad) and processed by Image Lab software (Bio-Rad).

WST-1 assay
Each cancer cell line was counted using a Countess® Automated Cell Counter (Thermo Fisher Scientific,
Waltham, MA) and grown at 4.0 × 106 cells/mL in 96-well tissue culture plates in a total volume of 100
µL. After 24 h, the medium was replaced with medium containing temsirolimus, which is an mTOR
inhibitor, at a concentration of 0–50 µM. At 24 h after medium change, 10 µL WST-1 reagent (SigmaAldrich, St. Louis, MO) was added to each well and incubated (37 °C, 0.5% CO2) for 1 h. The plate was
read immediately at 440 nm with a reference reading at 600 nm (SH-1000 Lab Microplate Reader; Corona
Electric, Ibaraki, Japan).

Flow cytometry
Each cancer cell line was counted using a Countess® Automated Cell Counter (Thermo Fisher Scientific)
and grown at 2.5 × 105 cells/mL in 6-well tissue culture plates in a volume of 2 mL. After 24 h, the
medium was replaced with medium with or without (as a control) temsirolimus (6 µM). The cells were
collected at 24 h after medium change. Flow cytometry was performed in accordance with the protocol of
the BD Cycletest Plus DNA Kit (Becton Dickson, Franklin Lakes, NJ).
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Clinical tissue samples and clinical data
Real-time PCR was employed to measure raptor and rictor gene expression in clinical tissue samples
from patients with OPSCC. A total of 98 treatment-naive OPSCC patients who underwent surgery or
biopsy of a primary lesion from 2007 to 2016 were enrolled and analyzed retrospectively at the
Department of Otorhinolaryngology, University of the Ryukyus Hospital, Japan. We followed the principles
outlined in the Declaration of Helsinki for all human experimental investigations. Ethical approval was
obtained from the University of the Ryukyus Research Ethics Committee, and informed consent was
obtained from each patient.
All tissue samples from primary lesions were analyzed with PCR using fresh frozen samples and p16
immunohistochemistry using formalin-fixed paraffin-embedded samples. The detection methods have
been published in detail previously (14, 16). The cutoff point for p16 overexpression was diffuse (≥ 75%)
tumor expression, with at least moderate (+ 2/3) staining intensity according to the 8th edition of the
AJCC. In this study, the OPSCC patients were classified into three groups: HPV-related OPSCC (positive
p16 and HPV DNA expression), HPV-unrelated OPSCC (negative p16 and HPV DNA expression), and
others (positive p16 or positive HPV DNA expression). The OPSCC patients were classified according to
the 7th edition of the AJCC.
Total RNA was extracted from fresh frozen OPSCC samples using Isogen (Nippon Gene). A PrimeScript
RT Reagent Kit with gDNA Eraser (Takara Bio) was used to remove genomic DNA contamination and to
synthesize cDNA from 500 ng total RNA. Real-time PCR was performed using the CFX-96 Real-Time PCR
System (Bio-Rad). The relative mRNA expression of raptor and rictor was calculated using the ΔΔCt
method with β-actin for normalization. The PCR reaction mixture and amplification process were the
same as described for the real-time PCR protocol used for the cell lines. All samples were measured in
duplicate.

Statistical analysis
Statistical analysis was carried out with SPSS 25.0 (SPSS, Inc., Chicago, IL). P-values less than 0.05 were
considered significant. The results of the WST-1 assay, gene expression, and flow cytometry were
analyzed using a χ2-test or Fisher’s exact test, as appropriate. Statistical analyses were made using
Student’s t-test when homogeneity of variance of the variables was met between the two datasets, and
using Welch’s t-test when homogeneity of variance was not met. Pearson’s χ2-test was used for
categorical data, and the Mann–Whitney U-test was used for continuous variables. Cumulative survival
was estimated using the Kaplan–Meier method and compared within the groups using the log-rank test.

Results
There were 25 patients with HPV-related OPSCC (HPV DNA presence and p16 overexpression), 55 with
HPV-unrelated OPSCC (neither HPV DNA nor p16 overexpression), and 18 with undetermined OPSCC
(HPV DNA presence or p16 overexpression).
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Cell line study
Real-time PCR
Real-time PCR was performed for quantitative analysis of raptor and rictor gene expression in the HPHPV-positive and -negative cell lines (Fig. 2). Raptor gene expression was higher in the HR-HPV-positive
cell lines than in the HR-HPV-negative cell lines (SCC-4 vs. UM-SCC47, p < 0.001; SCC-4 vs. CaSki, p <
0.001; SAS vs. UM-SCC47, p = 0.001; SAS vs. CaSki, p = 0.001). Rictor gene expression was significantly
lower in the SCC-4 cell line than in SAS, UM-SCC47, and CaSki cells. However, there was no significant
difference in rictor expression between SAS and UM-SCC47 cells and between SAS and CaSki cells.

Western blot analysis
Protein expression in relation to mTOR components was investigated in the HR-HPV-negative (SCC-4 and
SAS) and HR-HPV-positive (UM-SCC47 and CaSki) cell lines (Fig. 3). The internal control pan-actin was
detected equally in all cell lines. There were no differences in the expression of mTOR, phospho-mTOR
(Ser2448), phospho-mTOR (Ser2481), and GβL between the HR-HPV-positive and HR-HPV-negative
cancer cell lines. The HR-HPV-positive cell lines UM-SCC47 and CaSki showed higher raptor expression
compared with the SCC-4 and SAS cell lines. On the contrary, the HR-HPV-negative cell lines SCC-4 and
SAS showed higher rictor expression compared with the UM-SCC47 and CaSki cell lines.

WST-1 assay
The relationship between the cell survival rate and temsirolimus concentration after 24 h incubation is
shown in Fig. 4a. Concentrations of temsirolimus ≥ 12 µM reduced the survival rate of all four cell lines.
SCC-4 and SAS cells had almost identical cell survival curves under various temsirolimus concentrations;
they showed a slight increase in survival at 3 µM temsirolimus, but survival decreased at > 12 µM
temsirolimus. In contrast, the survival rate of UM-SCC47 and CaSki cells tended to decrease as the
concentration of temsirolimus was increased. The most prominent difference in cell survival rates was
observed at 6 µM temsirolimus. The cell survival rate was higher in SCC-4 and SAS cells than in UMSCC47 and CaSki cells (SCC-4 vs. UM-SCC47, p = 0.016; SCC-4 vs. CaSki, p = 0.014; SAS vs. UM-SCC47, p
= 0.010; SAS vs. CaSki, p = 0.009) (Fig. 4b).

Flow cytometry
Flow cytometry was used to determine the influence of temsirolimus on the cell cycle of the cell lines
(Fig. 4c). At each stage of the cell cycle, there was a slight difference of cell cycle distribution in the HRHPV-negative cell lines (SCC-4 and SAS) between the presence and absence of temsirolimus at each
stage of the cell cycle, except for G0/G1 in SCC-4 cells (p = 0.004) and G2/M in SAS cells (p = 0.017). In
contrast, there was a difference in the cell cycle distribution in the HR-HPV-positive cancer cell lines (UMSCC47 and CaSki) at stages GO/G1 (UM-SCC47, p < 0.001; CaSki, p = 0.005), S (UM-SCC47, p < 0.001;
CaSki, p = 0.025), and G2/M (UM-SCC47, p = 0.003; CaSki, p = 0.003) between the presence and absence
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of temsirolimus. There was a higher rate of G0/G1 and a lower rate of S and G2/M in both HR-HPVpositive cell lines in the presence of temsirolimus compared with the absence of temsirolimus.

Clinical sample study
Patient characteristics
There was no significant difference in age, sex, and subsites between the HPV-related and HPV-unrelated
patient groups (Table 2). The HPV-unrelated group had a higher T-classification rate than the HPV-related
group (p = 0.009) and was more likely to receive a surgical procedure as primary treatment (p = 0.012).

Real-time PCR
Gene expression was compared between HPV-related and HPV-unrelated OPSCC patients (Fig. 5). Raptor
(p = 0.046) and rictor (p = 0.017) gene expression was higher in the HPV-related OPSCC group than in the
HPV-unrelated OPSCC group.

Survival estimation in relation to raptor and rictor
expression
According to raptor and rictor expression in real-time PCR, OPSCC patients were divided into high
expression (> two-thirds), medium expression (equal to one-third to two-thirds), or low expression (≤ onethird). According to raptor expression, there were 6 HPV-related OPSCC patients with low expression, 7
with medium expression, and 12 with high expression, while 19 HPV-unrelated OPSCC patients had low
expression, 20 had medium expression, and 16 had high expression. According to rictor expression, there
were 6 HPV-related OPSCC patients with low expression, 9 with medium expression, and 10 with high
expression, while 21 HPV-unrelated OPSCC patients had low expression, 17 had medium expression, and
17 had high expression.
HPV-related and -unrelated OPSCC patients were divided into high and medium or low raptor or rictor
expression groups for survival estimation (Fig. 6). Five cases who could not be treated were excluded
from this estimation. Patients with HPV-related OPSCC had a better prognosis than those with HPVunrelated OPSCC (p = 0.024, Table 2). HPV-related OPSCC patients with high raptor expression tended to
show lower cumulative overall survival (p = 0.090), while those with high rictor expression showed poor
cumulative overall survival (p = 0.022). However, there was no close relationship between raptor or rictor
expression and cumulative overall survival in patients with HPV-unrelated OPSCC.
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Table 2
Clinical characteristics of the patients with OPSCC
All cases

HPV-related

HPV-unrelated

(n = 80)

(n = 25)

(n = 55)

Sex

P-value

0.595

Male

61

20 (80.0)

41 (74.5)

Female

19

5 (20.0)

14 (25.5)

Age (years)

0.513
63.2 ± 10.2

62.0 ± 8.9

63.7 ± 10.9

T

0.009

T1, T2

36

16 (64.0)

18 (32.7)

T3, T4

49

9 (36.0)

37 (67.3)

N

0.14

N0, N1

33

7 (28.0)

25 (45.4)

N2, N3

52

18 (72.0)

30 (54.6)

M

0.459

M0

76

25 (100)

51 (92.7)

M1

2

0 (0)

2 (7.3)

SCC differentiation

0.103

Well

22

5 (20.0)

17 (30.9)

Moderately

42

11 (44.0)

31 (56.4)

Poorly

8

5 (20.0)

3 (5.4)

Unknown

8

4 (16.0)

4 (7.3)

Tumor subsite

0.134

Lateral

59

22 (88.0)

37 (67.3)

Anterior

19

3 (12.0)

16 (29.1)

Superior

2

0 (0)

2 (3.6)

Primary treatment

0.012

CCRT, concurrent chemoradiotherapy; RT, radiotherapy; SCC, squamous cell cancer
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All cases
(n = 80)

HPV-related
(n = 25)

HPV-unrelated
(n = 55)

Surgery ± RT/CCRT
CCRT to Surgery

23

3 (12.0)

20 (36.4)

RT or CCRT

52

22 (88.0)

30 (54.5)

No treatment

5

0 (0)

5 (9.1)

5-year overall survival (%)

73.7

95.8

63.2

P-value

0.024

CCRT, concurrent chemoradiotherapy; RT, radiotherapy; SCC, squamous cell cancer

Discussion
In this study, the HR-HPV-positive UM-SCC47 and CaSki cell lines constantly showed higher raptor gene
and protein expression that the HR-HPV-negative SCC-4 and SAS cell lines. They also showed a high
proportion of cells at the G0/G1 phase of the cell cycle and a low proportion of cells at the S and G2/M
phases after 24 h incubation with 6 µM temsirolimus, suggesting the induction of cell cycle arrest at
G1/S and G2/M by temsirolimus. In accordance with in vitro studies, clinical HPV-related OPSCC samples
showed high raptor and rictor gene expression compared with HPV-unrelated OPSCC samples. In
addition, HPV-related OPSCC patients with high raptor and rictor expression tended to have a worse
prognosis than those with low or medium expression. Although there have been a number of reports
describing mTOR activation in head and neck cancer (7, 24, 26, 27, 32), little is known about its role in
HPV-related OPSCC (23, 25, 28, 29). This is the first report to reveal the overexpression of raptor and rictor
in HPV-related OPSCC.
Cancer progression has a close relationship with mTORC1/2 (2, 33). Rapalogs, including temsirolimus,
inhibit the activity of mTOR when bound to FKBP12 by causing mTOR to dissociate from raptor (30). A
previous study in gastric cancer cells suggested that knockdown of raptor expression significantly
reduces cell proliferation and induces G0/G1-phase cell cycle arrest (34). Another study showed the
efficacy of an mTOR inhibitor, everolimus, toward postmenopausal hormone-receptor-positive advanced
breast cancer (35). The authors used everolimus in combination with endocrine therapy and their results
demonstrated improved progression-free survival compared with treatment without everolimus. A doubleblind, randomized, placebo-controlled phase III trial with everolimus also showed prolonged progressionfree survival relative to placebo in patients with metastatic renal cell carcinoma whose disease had
progressed on vascular endothelial growth factor-targeted therapy (36). In the present study, flow
cytometric examinations suggested that temsirolimus induces G0/G1- and G2/M-phase cell cycle arrest
in HPV-positive cancer cell lines.
Raptor is a scaffold protein that regulates the assembly, localization, and substrate binding to its
substrates 4E-BP1 and p70S6 kinase and promotes its close apposition with mTORC1 (1, 9, 37). The
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raptor-mediated translocation of mTOR to lysosomes is an important step for the activation of mTORC1
(33, 38, 39). A recent study reported that the acute or short-term treatment of several cell lines with
rapamycin dissociates not only raptor but also rictor from mTOR, suggesting the inhibition of mTORC1
and mTORC2 (40). A clinical trial using temsirolimus added to carboplatin toward recurrent and/or
metastatic HNSCC demonstrated a relatively high response rate compared with other treatments (41).
However, there was no information regarding the HPV infection status of their patients.
The viral E6 and E7 proteins are important oncoproteins in HPV-related cancers. Since the mechanism of
carcinogenesis is quite different between HPV-related and -unrelated OPSCC, they might have different
target molecules for treatment, such as rapalogs (Fig. 1). Although HPV-related OPSCC demonstrates a
fair 5-year overall survival rate, patients with HPV-related OPSCC are usually younger than those with
HPV-unrelated OPSCC (42, 43). There is interest in the development of additional molecular target
therapies for HPV-related OPSCC in view of their reduced treatment toxicity. In the present study, high
raptor and rictor expression in HPV-related OPSCC tended to show a correlation with a poor prognosis,
compared with low or medium expression. These results suggest that raptor has an important role in
HPV-related OPSCC and temsirolimus is a potential therapeutic agent for patients with HPV-related
OPSCC.
Knockdown of rictor expression inhibits mTORC2 activity and the proliferation of tumor cells and
subsequent tumor growth in glioma cells (10). Conversely, overexpression of rictor in glioma cell lines
increases the assembly and activity of mTORC2 (6). In the present study, although rictor was expressed
at a higher level in the SAS, UM-SCC47, and CaSki cell lines than in SCC-4 cells, the expression of
cytosolic rictor was lower in the UM-SCC47 and CaSki cell lines than in SCC-4 and SAS cells. This
discrepancy in rictor expression needs to be clarified in head and neck cancer cell lines to determine the
underlying mechanism. In addition, further investigations are needed to evaluate the role of rictor in the
cell cycle arrest observed following incubation with temsirolimus.

Conclusions
The present study suggests that raptor has an important role in HPV-related OPSCC and that
temsirolimus is a potential therapeutic agent for patients with HPV-related OPSCC. This is the first report
to reveal overexpression of raptor and rictor in HPV-related OPSCC.

List Of Abbreviations
4E-BP1, eukaryotic translation initiation factor 4E binding protein 1; AJCC, American Joint Committee on
Cancer; eIF4E, eukaryotic translation initiation factor 4E; FKBP12, 12-kDa FK506-binding protein; HNSCC,
head and neck squamous cell carcinoma; HR, high-risk; HPV, human papillomavirus; mTOR, mechanistic
target of rapamycin; mTORC, mTOR complex; OPSCC, oropharyngeal squamous cell carcinoma; PI3K,
phosphoinositide 3-kinase; PVDF, polyvinylidene difluoride; rapalog, rapamycin analog
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Figure 1
Schema of mTOR complex 1 and 2 and their related molecules. E6/E7, human papillomavirus E6 and E7;
eIF4E, eukaryotic translation initiation factor 4E; ERK, extracellular signal-regulated kinase; FKBP12, 12kDa FK506-binding protein; GβL, G-protein β-subunit like protein; GRB, growth factor receptor-bound
protein; IRS1, insulin receptor substrate 1; MEK, mitogen-activated protein kinase/ERK kinase; mLST8,
mammalian lethal with SEC13 protein 8; mTOR, mechanistic target of rapamycin; PDK1, 3phosphoinositide-dependent protein kinase 1; PI3K, phosphatidylinositol 3-kinase; ○p, phosphorylation; p,
dephosphorylation; RAS, rat sarcoma; Rheb, Ras homolog enriched in brain; SIN1, stress-activated map
kinase-interacting protein 1; SOS, son of sevenless homolog; S6, substrate ribosomal protein S6; TSC1/2,
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tuberous sclerosis 1/2; ULK1, unc-51-like kinase 1; 4E-BP1, eukaryotic translation initiation factor 4E
binding protein 1.

Figure 2
Cancer cell lines. a Analysis of HPV gene expression using primers GP5+/6+, MY09/11, HPV-16 E6/E7,
and HPV-16 E7 (Table 1) in the cell lines employed in this study. Lane 1, SCC-4; Lane 2, SAS; Lane 3, UMSCC47; Lane 4, Caski. PCR amplicons were observed in the UM-SCC and CaSki cell lines. b In situ
hybridization of HPV-16 DNA in the UM-SCC47 and CaSki cell lines. Brown dots inside cell nuclei were
observed in both cell lines. The method was previously described in detail (31). c Gene expression of
raptor and rictor in the cell lines. Raptor was expressed at a higher level in the UM-SCC47 and CaSki cell
lines than in SCC-4 and SAS cells. In the case of rictor, SCC-4 cells showed lower expression compared
with the SAS, UM-SCC47, and CaSki cell lines. *p < 0.05; **p < 0.01. The cropping gels were used for
conciseness of the presentation. The original, uncropped gels were provided in the additional files.
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Figure 3
mTOR-related protein production detected by western blotting in the cell lines. Raptor was expressed in
the UM-SCC47 and CaSki cell lines whereas rictor was produced only weakly in the same cell lines. The
cropping blots were used for conciseness of the presentation. The original, uncropped blots were
provided in the additional files.
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Figure 4
Effects of incubation with temsirolimus. a Cell survival ratios in the WST-1 assay after 24 h with various
concentrations of temsirolimus. Although the cell survival ratios of each cell line were slightly different,
≥12 µM temsirolimus inhibited cell survival. A prominent difference in cell survival among the cell lines
was observed at 6 µM temsirolimus. b Box plots of cell survival rates in the cell lines after incubation with
6 µM temsirolimus for 24 h. The cell survival ratios of the UM-SCC47 and CaSki cell lines were
significantly worse than those of the SCC-4 and SAS cell lines. *p < 0.05; **p < 0.01. c Temsirolimus
induces cell cycle arrest in the UM-SCC47 and CaSki cell lines. UM-SCC47 and CaSki cells were arrested in
the G0/G1 and G2/M phases by incubation with temsirolimus and the number of cells in the S phase was
reduced. In contrast, there was a significant increase of cells in the G0/G1 phase in the SCC-4 cell line,
while SAS cells only showed a decrease in the number of cells in the G2/M phase. *p < 0.05; **p < 0.01.
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Figure 5
Relative mRNA expression of raptor and rictor in HPV-related and HPV-unrelated OPSCC samples.
Samples obtained from HPV-related OPSCC patients showed significantly higher expression of raptor and
rictor. *p < 0.05.
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Figure 6
Kaplan-Meier curve of HPV-related and HPV-unrelated OPSCC patients according to raptor and rictor
expression. a Raptor expression and cumulative overall survival in HPV-related OPSCC patients. Patients
with high raptor expression tended to show worse cumulative overall survival compared to those with low
or medium expression, but the difference did not reach statistical significance. b Rictor expression and
cumulative overall survival in HPV-related OPSCC patients. Patients with high rictor expression had
significantly worse cumulative overall survival compared with those with low or medium expression. c
Raptor expression and cumulative overall survival in HPV-unrelated OPSCC patients. There was no
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difference in cumulative overall survival in HPV-unrelated OPSCC patients according to raptor expression.
Five cases were removed from the survival estimation because of poor general condition. d Rictor
expression and cumulative overall survival in HPV-unrelated OPSCC. There was no difference in
cumulative overall survival in HPV-unrelated OPSCC patients according to rictor expression. Five cases
were removed from the survival estimation because of poor general condition.
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