
transfection reagent (Qiagen) with a Þnal concentration of
5 nmol/L (Supplementary Table S1). For inhibition efÞ-
ciency and target mRNA transcription studies, RNA was
extracted 24 hours after transfection. For protein extraction,
cells were lysed 72 hours after transfection.

Histology and immunohistochemistry
See Supplementary Material.

Western blot analysis
See Supplementary Material.

Human HNSCC tissues array
Tissue arrays of formalin-Þxed tissues from human

HNSCC (HN803) were retrieved from Biomax US. Clinical
data, including pathologic classiÞcation and tumorÐnodeÐ
metastasis classiÞcation, were provided by Biomax. These
tissue microarray slides included 57 conÞrmed cases of
HNSCC, 10 cases of normal tongue mucosa, and 4 cases
of lymph node metastasis in HNSCC tissue. Immunohis-
tochemistry for Tgfbr1 (1:100), p-S6 (S235/236, 1:200),
and Survivin (1:400) was stained in serial-cut tissue array
sections.

Statistical analysis
Data analyses were conducted using Graph Pad Prism

version 5.00 for Windows (Graph-Pad Software Inc). One-
way ANOVA followed by the post-Turkey or Bonferroni
multiple comparison tests were used to analyze the differ-
ences in immunostaining and protein levels among each
group. The MannÐWhitney U test was used to evaluate
differences in the total tumor area of the mice treated with
rapamycin and of the untreated control group. Two-way
ANOVA with Bonferroni posttest were used for the tumor
burden of rapamycin chemopreventive and chemothera-
peutic experiments. One-way ANOVA followed by Dunnett
posttest were used to compare the vehicle and rapamycin-
treated chemotherapeutics group (all compared with nor-

malized tumor size of day 0). Log rank statistics were used to
evaluate survival in the rapamycin chemopreventive and
control groups. Two-tailed Pearson statistics were used for
correlated expression of Tgfbr1 with p-S6 and survivin after
conÞrmation of the sample with Gaussian distribution.
Mean values � SEM with a difference of P < 0.05 were
considered statistically signiÞcant.

Results
Knockdown of Tgfbr1 and Pten in human HNSCC cell
lines results in activation of PI3K, Akt, p-S6, and
survivin

To address the question of why Tgfbr1/Pten 2cKO mice
develop spontaneous and rapid tumors with 100% pene-
trance (10) and Pten cKO mice do not, we carried out
siRNA-mediated knockdown of Tgfbr1 or Pten, as well as
Tgfbr1 and Pten in human HNSCC cell line CAL27 and
metastatic human HNSCC cell line HSC3. Forty-eight hours
after siRNA transfection, we found that knockdown of
Tgfbr1 or Pten increased p-Akt, p-S6 levels as well as p-
4E-BP1 levels (Fig.1A and B), whereas knockdown of
both Tgfbr1 and Pten attenuated the increase in p-Akt
and p-S6 levels. Therefore,we hypothesized that Tgfbr1
and Pten might regulate downstream targets of mTOR.
We further analyzed the knockdown effects of Tgfbr1 and
Pten on the protein level of survivin, a downstream
molecule in the Akt/mTOR signaling pathway, and found
that either knockdown of Pten (P > 0.05) or Tgfbr1 (P <
0.05 in CAL27 cell line), or knockdown of Tgfbr1 and
Pten together (P < 0.001 in both cell lines), increased
survivin levels in both the HNSCC cell lines (Fig. 1A and
B, and Supplementary Fig. S1A).

Activation of PI3K, Akt, mTOR, and survivin in Tgfbr1/
Pten 2cKO mouse HNSCC

We have previously reported the increased activation of p-
Akt in HNSCC of the Tgfbr1/Pten 2cKO mice (10). To
investigate whether these changes cause the activation of

β-Actin

p-S6S235/236

Survivin 

Tgfbr1 siRNA +        +   ––

+         +        ––Pten siRNA

A

p-AKT S473

p-4EBP1S65

CAL27

β-Actin

p-S6S235/236

Survivin 

Tgfbr1 siRNA +         +   ––

+         +        ––Pten siRNA

p-AKT S473

p-4EBP1S65
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PTEN

TGFBR1
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Figure 1. Activation of Akt/mTOR/p-S6/survivin by knockdown of Tgfbr1 and/or Pten in human HNSCC cell lines. A and B, Western blot analysis for
PTEN, Tgfbr1, p-Akt, p-S6, p-4E-BP1, and survivin in the CAL27 and HSC3 HNSCC cell lines 72 hours after transfection of Tgfbr1 siRNA, Pten siRNA, and
combined Tgfbr1/Pten siRNA.
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rapamycin and tumor shrinkage was observed over the
course of a week, which is not usually the case in mouse
models for mTOR inhibition. On one hand, our obser-
vation suggests that deletion of both Tgfbr1 and Pten will
activate mTOR. On the other hand, this result may in fact
be because of the mouse modelÕs intact immune system,
and inhibition of mTOR may affect tumor microenviron-
ments such as the immune system, chemokine, and
angiogenesis (21, 22). Our previous and present Þndings
also suggest that there is a signiÞcant activation of
the EGFR/PI3K/Akt axis, activation of the stat3 and
IKKb/NF-kB pathways, and overexpression of vascular
endothelial growth factor A (VEGFA) and cylcin D1 in
this mouse model, all of which are important molecular
events amenable for mTOR inhibition (25). Although
Tgfbr1 gene mutation may not be a signiÞcant factor in
HNSCC (26, 27), the reports on tumor-susceptible poly-
morphism resulting in hypofunction of TGFBR1 should
not been ignored (28, 29). Indeed, we found that almost
40% of HNSCC patients have concurrent low protein
levels of Tgfbr1 and Pten (14), and therefore this genet-
ically manipulated mouse model may not fully reßect the
clinical spectrum of human HNSCC. While keeping this
potential limitation in mind, this mouse model has
revealed a potent anticancer function of mTOR inhibi-
tors, which could have multiple beneÞcial implications
for treating HNSCC patients.

The inhibition of mTOR in experimental and clinical
HNSCC lesions leads to a rapid decrease in the phosphor-
ylated state of S6, a downstream target of mTORC1 (20) that
also serves as a biomarker for the molecular response to
mTOR inhibitors in their target tissues. In 2cKO mouse
HNSCCs, rapamycin also causes a rapid decrease in the
phosphorylation of Akt at serine 473, a downstream target
of mTORC2 (9, 10, 17), suggesting a sensitivity to rapamy-
cin (25). As shown in the human HNSCC xenograft animal
model (7), our data also suggested that inhibition of mTOR
signiÞcantly decreases expression of survivin and cyclin D1,
inhibits proliferation, and promotes apoptosis in this
mouse HNSCC. This effect could contribute to the antitu-
mor activity of rapamycin. Thus, the inhibition of mTORC1
in mouse HNSCCs may result in a reduced cell cycle and
may induce apoptosis.

Among the risk factors inßuencing a patientÕs outcome,
the presence of an increase in survivin levels and active Akt/

mTOR signaling at the time of diagnosis represents the most
important factor predicting a poor prognosis (3, 12, 30, 31).
Unfortunately, high expression of survivin is often accom-
panied by early metastatic disease and recurrence (12). In
this regard, the emerging preclinical and clinical informa-
tion about the promising beneÞcial effects of mTOR inhi-
bitors in HNSCCs, together with our present Þndings, show
a potentially successful outcome of such therapy for the
HNSCC patients. We believe that theTgfbr1/Pten 2cKO mice
provide a good animal model for preclinical evaluations of
Akt/mTOR and survivin inhibitors, as part of targeted
strategies for chemopreventive and chemotherapeutics
treatment of HNSCC.
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