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Introduction

Head and neck cancers, 90% of which are overwhelmingly squa-
mous cell carcinomas, include cancers of the oral cavity, oro-
pharynx, hypopharynx, larynx and, to a lesser degree, the nose 
and paranasal sinuses. Despite improvements in the treatment 
of head and neck cancer, many patients still succumb to their 
disease. Treatment for head and neck squamous cell carcinoma 
(HNSCC) has mainly consisted of a combination of surgery and 
radiation, or combined radiation and chemotherapy. Platinum-
based agents provide the backbone of the standard chemothera-
peutic regimens for HNSCC. Cisplatin is a widely used drug in 
the class of platinum-based chemotherapies, which also includes 
carboplatin and oxaliplatin. Platinum compounds work by the 
formation of DNA crosslinks within cells, leading to apoptosis 
and autophagy. The efficacy of cisplatin in HNSCC is greatly 
increased when combined with other chemotherapeutic agents, 
such as taxanes (paclitaxel and docetaxel) and 5-fluorouracil.1 In 
HNSCC, new drugs targeting epidermal growth factor recep-
tor (EGFR) are now approved and are entering clinical practice, 
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The survival rates of patients with squamous cell carcinoma of 
the head and neck (HNSCC) have not improved significantly 
despite multi-modality therapy, including surgery, radiation 
therapy and chemotherapy. recently, molecular targeted 
agents have shown significant improvement in clinical 
outcomes; for example, in chronic myelogeneous leukemia 
with imatinib, breast cancer with trastuzumab, colon cancer 
with bevacizumab and cetuximab, and renal cell cancer with 
sorafenib and sunitinib. in HNSCC, the epidermal growth factor 
receptor antibody cetuximab has shown promising results 
in combination with radiation. Targeted agents including 
cetuximab induce stresses to activate prosurvival autophagy. 
Combining autophagy inhibitors with agents that induce 
autophagy as a prosurvival response may therefore increase 
their therapeutic efficacy. whether autophagy contributes 
to the prosurvival response or to the antitumor effect of 
chemotherapeutic drugs is largely unknown. This review will 
discuss the possible role of autophagy as a novel target for 
anticancer therapy agents in HNSCC.
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either alone or in combination with conventional treatment 
approaches. Although treatment strategies continue to improve, 
HNSCC cells have been known to develop natural and acquired 
resistance to chemoradiotherapy, resulting in a marked decrease 
in the 5-year survival rate. Some evidence has indicated that 
autophagy facilitates the cancer cells’ resistance to chemotherapy 
and radiation treatment. The abrogation of autophagy through 
autophagy inhibitors or knockdown of autophagy-related mol-
ecules potentiates the resensitization of therapy-resistant cancer 
cells to anticancer treatment. This review delineates the possible 
role of autophagy as a novel target for anticancer therapy.

Autophagy in Anticancer Therapy

A number of anticancer therapies, including radiation therapy 
and chemotherapy, have been observed to induce autophagy in 
human cancer cell lines.2 Autophagy is an evolutionarily con-
served and highly regulated process of large-scale lysosomal deg-
radation of long-lived proteins, macromolecules, ribosomes and 
organelles, such as the endoplasmic reticulum (ER), Golgi appa-
ratus and mitochondria. Autophagy is morphologically charac-
terized by the appearance of autophagosomes in the cytoplasm. 
In addition, LC3 has been found to be a specific biochemical 
marker for autophagy. Newly synthesized LC3, termed LC3-I, 
is evenly distributed throughout the cytoplasm. Upon induction 
of autophagy, some LC3-I is converted into LC3-II, which is 
tightly bound to the autophagosomal membranes, forming ring-
shaped structures in the cytosol. The p62 protein is localized at 
the autophagosome formation site and directly interacts with 
LC3. Subsequently, p62 is incorporated into the autophagosome 
and then degraded. Therefore, impaired autophagy is accompa-
nied by the accumulation of p62 followed by the formation of 
p62, and ubiquitinated protein aggregates because of both the 
self-oligomerization and ubiquitin binding of p62.3 The signal-
ing adaptor p62 is a scaffold protein for cell survival and death-
signaling pathways such as the NFκB pathway, Wnt signaling, 
and apoptosis. The current autophagy literature is often viewed 
as confusing because of its association with apparently contradic-
tory roles, such as survival and cell death. Whether autophagy 
contributes to kill cancer cells or instead protects them from the 
cytotoxicity of drugs may depend on complex crosstalk between 
these pathways. As autophagy occupies the center of a complex 
network of cellular responses to stress, the relationship between 



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com Cancer Biology & Therapy 979

review review

resistance in human lung adenocarcinoma cells is associated with 
enhanced autophagy, because autophagy inhibitor 3-MA can 
overcome acquired cisplatin resistance through increasing the 
apoptotic effect of cisplatin.6 These examples demonstrate that 
autophagy is activated in tumor cells as a prosurvival mechanism 
against cytotoxic agents and may therefore favor radioresistance 
and chemoresistance. Thus, inhibition of autophagy may be a 
strategy to sensitize cancer cells to radio- and chemotherapy-
induced cell death.

Autophagy as a mechanism of cell death. Induction of 
autophagic cell death has been proposed as a mechanism of cell 
death, given that features of autophagy have been observed in 
dying cells. Autophagic cell death can be activated via different 
molecular pathways in cancer cell lines in response to various 
agents used in cancer treatment. Autophagic cell death is gen-
erally caspase-independent, does not involve classic DNA lad-
dering, and is believed to be the result of extensive autophagic 
degradation of intracellular content. Studies show that cytotoxic 
signals can induce autophagy in cells that are resistant (or defec-
tive) to apoptosis, such as those expressing high Bcl-2 or Bcl-x

L
, 

those lacking Bax and Bak, or those being exposed to pancaspase 
inhibitors, such as zVAD-fmk (Fig. 1).7 5-Fluorouracil induces 
autophagic cell death in Bax-/- or PUMA-/- human colon can-
cer cells, and etoposide induces autophagic cell death in Bax-

/- and Bak-/- double knockout mouse embryonic fibroblasts that 
are resistant to apoptosis, indicating that autophagic cell death 
can be used as an alternative cell death pathway in apoptosis-
defective cells.8 Several new rapamycin derivatives may be used 
in combination with anticancer agents; however, in vivo evi-
dence is limited, and there is still no concrete evidence showing 
that autophagy directly causes cell death.

Autophagy and HNSCC

Receptor tyrosine kinase EGFR is frequently deregulated in 
HNSCC, which is highly expressed in 80–100% of head 
and neck cancers.9 EGFR is a transmembrane tyrosine kinase 
receptor composed of an extracellular ligand-binding domain, 
a hydrophobic transmembrane region, and an intracellular 

domain with tyrosine kinase activity. EGFR is a member of the 
ErbB family of receptor tyrosine kinases that, once activated, can 
promote cell survival and proliferation. EGFR is a cell-surface 
protein and its variations are thought to contribute to the devel-
opment of cancers of the head and neck. The dysregulation of 
EGFR is an early event in HNSCC that is associated with more 
aggressive disease, resistance to chemotherapy and poorer sur-
vival. Indeed, ligand activation of the EGFR by EGF, TGFα or 
other ligands leads to the activation of several prosurvival sig-
naling pathways, including Ras/MAPK, PI3K/Akt and JAK/
Stat.8 Downregulation of EGFR inhibits cell growth of HNSCC 
in vitro. Two strategies targeting the receptor are available; they 
utilize mAbs, directed toward the extracellular domain of EGFR, 
and small molecule tyrosine kinase inhibitors, which bind the 
catalytic kinase domain of the receptor. Clinical trials using 
EGFR tyrosine kinase inhibitors in cancer therapy have been 
conducted, but blockage of tyrosine kinase activity alone does 

autophagy and cancer cannot be recapitulated by a simple and 
uniform principle.

Autophagy as a protective cell survival mechanism. 
Autophagy seems to function as a protective cell survival mecha-
nism against environmental and cellular stress, and perhaps 
causes resistance to anticancer therapies. Ionizing radiation, 
used to treat approximately 50% of all cancer patients, induces 
autophagy in human esophageal squamous carcinoma and 
malignant glioma cells. Pretreatment of breast cancer cell lines 
with 3-methyladenine (3-MA) antagonized ionizing radiation-
induced autophagy. Likewise, pretreatment of radioresistant cells 
with autophagy inhibitors 3-MA or chloroquine (CQ) signifi-
cantly reduced clonogenic survival of irradiated cells, suggesting 
that autophagy induced by radiation may be a protective survival 
mechanism.4 Etoposide-induced autophagy promotes hepatoma 
cell adaptation and survival, and inhibition of autophagy by 
Beclin 1 siRNA improves the chemotherapeutic effect of etopo-
side on human hepatoma G

2
 cells.5 In addition, acquired cisplatin 

Figure 1. Autophagy in cell survival and cell death. A variety of stressors 
can induce autophagy in HNSCC cells in order to avoid apoptosis. The 
process of autophagy can then go on to rescue cells and promote sur-
vival, enabling tumor growth and cell replication. in addition, autophagy 
has a more direct role in mediating cell death in specific contexts. 
The exact mechanisms regulating autophagic cell death remain to 
be determined. There is believed to be significant cross talk between 
the processes of autophagy and apoptosis, and if the latter process 
remains intact, some cells may ultimately undergo apoptosis following 
autophagy.
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a potential link between receptor tyrosine kinase inhibition and 
autophagy. Indeed, a PI3K/mTOR inhibitor (NVP-BGT226) 
elicits autophagosome formation in cell lines of human head and 
neck cancer, and the depletion of p62 in treated cells suggests 
the induction of autophagic flux. In addition, BGT226 induces 
cancer cell death through activation of autophagy instead of 
apoptosis.13 In the following section, it is demonstrated that valid 
inhibitors of HNSCC, which target EGFR and tyrosine kinase, 
have potential autophagic ability (Table 1).

Small Molecule Tyrosine Kinase Inhibitors

Based on the essential role of EGFR-initiated signaling in tumor 
development and progression, this receptor tyrosine kinase has 
been recognized as a therapeutic target for HNSCC treatment.14 
Strategies have been developed to target EGFR, including mAbs, 
tyrosine kinase-specific inhibitors, ligand-linked immunotoxins 
and antisense approaches. Tyrosine kinase inhibitors block the 
ATP binding pocket of the tyrosine kinase domain of EGFR, 
preventing activation of downstream targets. While mAbs are 
unable to cross the plasma membrane and target EGFR intra-
cellular signaling apparatus, tyrosine kinase inhibitors have 
this potential; however, tumors overexpressing wild-type EGF 
receptor are far less sensitive to EGF receptor tyrosine kinase 
inhibitors. Unfortunately, cancer development interferes with 
multi-stage signal transduction pathways, and therefore blocking 
a single target only rarely results in disease regression.

Gefitinib (ZD1839; Iressa). Gefitinib is an orally active, 
selective EGFR-tyrosine kinase inhibitor, which has principally 
been studied in non-small cell lung cancer. Gefitinib prevents the 
binding of ATP to the receptor and thereby inactivates EGFR. 

not seem to reach maximum therapeutic efficacy. Independent 
of its kinase activity, EGFR maintains the basal intracellular glu-
cose level, thereby preventing cells from undergoing autophagic 
death.10 This function of EGFR may endow tumor cells with 
increased survival capacity even in the presence of chemothera-
peutic agents and tyrosine kinase inhibitors. Thus, the inhibition 
of this function and of the kinase activity of EGFR may both be 
necessary for eradication of HNSCC.

Akt/mTOR pathway in HNSCC. Inhibition of autophagy 
could sensitize tumor cells to many cytotoxic drugs or reverse 
resistance to chemotherapeutic drugs, representing a promising 
strategy to improve the efficacy of cancer treatment. The Akt/
mTOR pathway is the most investigated as a potential target in 
autophagy. Accumulating evidence shows a prevalence of 47% of 
head and neck cancer with at least one of the PI3K/Akt/PTEN 
molecular alterations.11 The defects accompanying the molecular 
aberrations contribute to the high prevalence of phosphorylated 
Akt (p-Akt) expression in head and neck cancer. Recent studies 
have focused on the disorder of this pathway in HNSCC with 
one of its key proteins, Akt, actively expressed in clinical tumor 
samples. Moreover, aberration of other cascade proteins has also 
been emphasized in HNSCC, including PTEN and mTOR.12 
In HNSCC, factors including PTEN dysregulation and point 
mutation in PIK3CA have both offered important contributions 
to the alteration of the PI3K/Akt/mTOR pathway. Dysregulation 
of these protein expressions is a frequent and early event during 
oral carcinogenesis. These findings highlight the signals leading 
to tumorigenesis, and specific targeting agents are designed for 
the treatment of the disease. Signaling pathways downstream of 
EGFR and other receptor tyrosine kinases, such as the PI3K/Akt 
pathway, are involved in the regulation of autophagy, indicating 

Table 1. Autophagy induction of targeted agents available for HNSCC

Class Drug Targets Autophagy Combined with: Refs

TK inhibitor Gefitinib eGFr (TK domain ATP binding site) Survival CDDP, iFNα, MK, rAD, TXT 15–20

erlotinib eGFr (TK domain ATP binding site) Survival Bv, CDDP, GeM, rAD, TXL, TXT 21–24

Src kinase inhibitor Dasatinib Bcr-Abl, Src family, PDGFr, ephA2 Death CeT, rAD, TMZ 25–29

Saracatinib Bcr-Abl, Src family Survival CBDCA, CQ, GeM, TXL, ZOL 30–34

Monoclonal Ab Cetuximab eGFr domain iii Survival CDDP, CPT-11, er, 5-FU, L-OHP, rAD, TXT 36–40

Panitumumab eGFr domain iii ND CAP, ePi, 5-FU, L-OHP 41–44

Multi-TK inhibitor Sunitinib veGFr, FLT3, PDGFr, c-kit Death Bv, iFNα, Te 45–48

Sorafenib raf kinase, veGFr, PDGFr Survival Bv, CBDCA, DXr, 5-FU, GeM, Te, TXL, TXT 49–53

Lapatinib ATP binding sites of eGFr and erbB2 Survival CAP, CDDP, L-OHP, TXL 54–57

Proteasome inhibitor Bortezomib NFκB ND Bv, Her, SAHA, TXT 58–62

mTOr inhibitor rapamycin mTOrC1, Ser/Thr kinases Death CBDCA, CDDP, DXr, TPT, TXL 63–67

everolimus mTOrC1, veGF Death CAP, CDDP, DXr, 5-FU, L-OHP, rAD, TXL 68–70

Temsirolimus mTOrC1, veGF, Cell cycle Death Bv, iFNα, rAD, SAHA 71–74

Chaperone inhibitor 17-AAG Hsp90, Beclin 1, NFκB Survival CPT-11, Her, TXL 75–82

epigenetic drug vorinostat Histone deacetylase Death BOr, CDDP, DXr, 5-FU, rAD, TXL 83–89

Abbreviations: BOr, bortezomib; Bv, bevacizumab; CAP, capecitabine; CBDCA, carboplatin; CDDP, cisplatin; CeT, cetuximab; CPT-11, irinotecan; CQ, 
chloroquine; DXr, doxorubicin; ePi, epirubicin; er, erlotinib; 5-FU, fluorouracil; GeM, gemcitabine; Her, trastuzumab; iFNα, interferon-α; L-OHP, 
oxaliplatin; MK, MK-2206; rAD, radiation; SAHA, vorinostat; Te, temsirolimus; TMZ, temozolomide; TPT, topotecan, TXL, paclitaxel; TXT, docetaxel; ZOL, 
zoledronic acid; ND, not determined; TK, tyrosine kinase.
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for selecting patients to benefit from gefitinib therapy; however, it 
could not completely exclude the relevance of EGFR in gefitinib-
induced autophagy.

Erlotinib (OSI-774; Tarceva). A quinazoline derivative erlo-
tinib is an orally active EGFR tyrosine kinase inhibitor. Erlotinib 
is metabolized through the cytochrome P450 system primarily 
by CYP3A4, which is mainly excreted in feces with a half-life 
of ~36 h. Erlotinib has shown clinical activity as well as the 
modulation of biomarkers related to EGFR inhibition properties 
in patients with HNSCC. Erlotinib binds competitively to the 
ATP-binding site at the kinase domain of EGFR and inhibits 
the activities of EGFR tyrosine kinases. Single-agent erlotinib in 
patients with locally advanced non-metastatic HNSCC adminis-
tered before surgical resection results in a 29% objective response 
rate and inhibits activated EGFR and ERK.21 In addition, full-
dose erlotinib can be safely administered in combination with 
simultaneous cisplatin chemotherapy and radiation therapy 
in postsurgical patients with HNSCC. The ability of erlotinib 
to cross the plasma membrane and directly bind to and block 
EGFR tyrosine kinase, seems to be an advantageous therapy 
for tumors. Erlotinib-induced cytotoxicity is based on a specific 
mechanism of oxidative stress mediated by hydrogen peroxide 
production through NOX4 signaling.22 These findings identify 
a novel mechanism of action to potentially increase the biologi-
cal activity observed with the combination of EGFR inhibitors 
and conventional antineoplastic agents that increase oxidative 
stress, including cisplatin and ionizing radiation. This biochemi-
cal rationale also potentially represents a novel therapeutic strat-
egy for reducing cancer cell resistance to therapy, commonly seen 
with EGFR inhibitors in the clinic.

Erlotinib-induced autophagy. Erlotinib produced a decline in 
the cell viability of A549 human lung cancer cells and induced 
cell apoptosis, coupled with rapid accumulation of ROS. 
Erlotinib induced the loss of mitochondrial membrane potential, 
the release of cytochrome c and AIF and activation of JNK. Thus, 
erlotinib has potent antitumor activity in A549 cells by activat-
ing ROS-dependent, JNK-driven cell apoptosis.23 Individual 
clones with acquired resistance to cetuximab were treated with 
erlotinib, resulting in decreased activation of EGFR, HER2 and 
HER3, along with a decrease in the activation of the downstream 
signaling molecules Akt and MAPK. Erlotinib can induce a high 
level of autophagy in human lung cancer cells, which was accom-
panied by inhibition of the PI3K/Akt/mTOR signaling pathway. 
Moreover, cytotoxicity induced by erlotinib was greatly enhanced 
after autophagy inhibition by the pharmacological inhibitor CQ 
and siRNAs targeting Atg5 and Atg7, the most important com-
ponents for the formation of autophagosome. At very high erlo-
tinib concentrations (60 μM), the autophagic survival program 
ends in an autophagic cell death program due to the disposal 
of organelles in glioblastoma cell lines.24 The inhibition of the 
rescue autophagic process with CQ made it possible to lower the 
toxic threshold of erlotinib to the therapeutic range.

Dasatinib (BMS-354825; Tykerb). The second generation 
dasatinib is an ATP-competitive tyrosine kinase inhibitor that 
sensitively inhibits all members of the Src family of nonreceptor 
tyrosine kinases, including c-Src, Lck, Fyn and Yes. Preclinical 

Cancer with certain activating mutations (point mutations or 
deletions of exons 18, 19 and 21) in EGFR is sensitive to gefi-
tinib, although acquired resistance eventually develops. In vitro 
studies indicated that gefitinib potently inhibited EGFR tyrosine 
kinase activity at low concentrations that did not significantly 
affect other kinases tested.15 In vivo studies showed that gefitinib 
had a favorable tolerability profile and antitumor activity in vari-
ous xenograft models, and enhanced the antitumor activity of 
a variety of cytotoxic drugs, including platinum compounds.16 
Gefitinib has been tested in clinical trials in HNSCC, as a single 
agent, or in combination with other chemotherapies or radiation, 
but has shown limited clinical efficacy, with response rates of 
10% to 15%. The mechanism of gefitinib resistance in HNSCC 
remains largely unknown. Gefitinib suppressed EGF-induced 
EGFR phosphorylation to basal levels at three phosphorylation 
sites, and it inhibited the activation-specific phosphorylation of 
the downstream signal pathway components Akt, ERK, Stat3 
and NFκB to various degrees in different HNSCC cell lines and 
tumors. Thus, gefitinib sensitivity is correlated with p-Akt and 
p-Stat3 activation in HNSCC cell lines and tumor specimens. 
p-Akt and p-Stat3 could serve as potentially useful biomarkers 
and drug targets for further development of novel therapeutic 
agents for HNSCC.17

Gefitinib-induced autophagy. Gefitinib showed higher cyto-
toxicity against human tumor cell lines than against human 
normal oral cells. Gefitinib alone and combined with docetaxel 
induced internucleosomal DNA fragmentation and caspase-3 
activation in human promyelocytic leukemia HL-60 cells, but 
not in HNSCC cell line HSC-2. It has been noted that sensitivity 
of tumor cells to gefitinib is closely correlated with their depen-
dence on Akt activation for survival and proliferation, suggesting 
that inhibiting Akt may serve as an approach to improving the 
antitumor efficacy of EGFR inhibitors. Gefitinib simultaneously 
induced apoptosis and autophagy, and in the presence of the novel 
allosteric Akt inhibitor MK-2206, both apoptosis and autophagy 
were increased in tumor cells treated with gefitinib for 48 h. The 
synergism between MK-2206 and gefitinib appears to be associ-
ated with the modulation of autophagy and apoptosis in cells sub-
jected to combination treatment.18 Combination treatment with 
gefitinib and docetaxel induced the formation of acidic organelles 
and mitochondrial shrinkage, vacuolization and the production 
of autophagosomes and the loss of cell-surface microvilli, without 
destruction of the cell surface and nuclear membranes in HSC-2 
and human glioblastoma T98G cells, suggesting the induction 
of autophagy in HSC-2 and T98G cells. Autophagy can be acti-
vated by gefitinib in lung cancer and promote cellular survival 
in the target therapy using EGFR-tyrosine kinase inhibitors. 
Blockage of autophagy by pharmacological or genetic approaches 
greatly enhanced the growth inhibitory effect of gefitinib.19 
Thus, inhibition of autophagy has the potential to improve the 
clinical efficacy of EGFR-tyrosine kinase inhibitors for cancer 
treatment. Interestingly, gefitinib-induced autophagy might be 
EGFR independent. Recent results indicated that gefitinib can 
have other targets, such as non-receptor tyrosine kinases that act 
also upstream of the PI3K/Akt/mTOR pathway.20 Measurement 
of EGFR expression by immunohistochemistry was not useful 
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including c-Src, c-Yes, Lck and Bcr-Abl. Elevated expression and 
activation of Src family kinases have been implicated in a variety 
of cancers, including glioblastoma, colon, lung, breast and pros-
tate cancers.30 Src is responsible for governing signaling pathways 
that regulate proliferation, angiogenesis, resistance to apoptosis, 
adhesion, motility and invasion.31 High Src expression and/or 
activity is observed in metastases, supporting a role for Src in 
tumor progression by enhancing tumor invasion and metastatic 
potential. Elevated Src kinase activity is linked to the progres-
sion of solid tumors, including HNSCC. Src regulates HNSCC 
proliferation and tumor invasion, with the Src-targeted small 
molecule inhibitor saracatinib displaying potent anti-invasive 
effects in preclinical studies. Inhibition of Src kinase by saraca-
tinib impairs the proinvasive activity of HNSCC by inhibiting 
Src substrate phosphorylation important for invadopodia forma-
tion and associated matrix metalloprotease activity.32 Although 
the study was conducted to evaluate saracatinib in patients with 
recurrent or metastatic HNSCC, single-agent saracatinib does 
not merit further study in recurrent or metastatic HNSCC.

Saracatinib-induced autophagy. In the prostate cancer cell line 
PCa, saracatinib can inhibit cell proliferation and migration in 
vitro and lymph node metastasis in an orthotopic nude mouse 
model.33 Flow cytometric analysis of the treated cells revealed 
significant growth arrest with only marginal apoptosis, a phe-
nomenon also associated with other Src family kinase inhibi-
tors. Saracatinib effectively induces autophagy in PCa cells, as 
does siRNA-targeted inhibition of Src expression.34 These data 
suggest a role for Src activity in the suppression of autophagy. 
Importantly, inhibition of autophagy using either pharmacologi-
cal inhibitors or RNA interference of essential autophagy genes 
promotes cell death induced by saracatinib. Notably, the combi-
nation of saracatinib with CQ, resulted in 64% tumor growth 
inhibition and enhanced apoptosis in a xenograft mouse model. 
This combination also led to at least a 2-fold increase in the num-
ber of apoptotic tumor cells in the group treated with saraca-
tinib plus CQ, suggesting that suppression of autophagy drives 
cells into apoptosis. Taken together, inhibition of autophagy may 
enhance the therapeutic efficacy of saracatinib in the treatment 
of prostate cancer.

Emerging EGFR Antibody

As mentioned above, EGFR is an appealing target for molecular-
targeted cancer therapy as it is expressed in HNSCC. EGFR is 
the first molecular target against which mAbs have been devel-
oped for cancer therapy.35 Here the mechanisms underlying the 
effects of EGFR-specific mAb are reviewed in cancer therapy. 
Attention is focused on cetuximab and panitumumab, two mAbs 
introduced recently into clinical practice for treatment of head 
and neck cancer which target the external part of EGFR.

Cetuximab (IMC-225; Erbitux). Recent advances in genetic 
engineering have made it possible to create chimera antibodies 
with sequences of murine and human proteins. Clinical applica-
tion of fully murine mAbs is restricted, owing to the high inci-
dence of serious immune-mediated side effects, particularly upon 
repeated exposure. Chimeric antibodies are formed of a variable 

evaluations have provided a strong rationale for targeting c-Src 
in HNSCC. In human HNSCC, c-Src is overexpressed and cor-
related with lymph node metastases.25 At higher concentrations 
(3–28 nM), dasatinib also inhibits the Src kinases Abl, c-Kit, 
PDGFR and EphA2. Dasatinib is not completely specific, and it 
seems that not all of its biological and molecular effects are due to 
Src inhibition. Both cetuximab and radiation have been shown to 
induce the translocation of the EGFR to the nucleus, and nuclear 
EGFR has been clearly associated with resistance to both radia-
tion and cetuximab treatment.26 Although dasatinib as a single 
agent failed to demonstrate significant activity in patients with 
advanced, metastatic HNSCC, it could block cetuximab and 
radiation-induced nuclear translocation of the EGFR in HNSCC 
cell lines and this was correlated with decreased phosphorylation 
of EGFRY845, which may be necessary for the nuclear transloca-
tion of the EGFR. Despite evidence of the effective inhibition 
of p-Src, dasatinib did not appear to have an effect on tumor 
growth. It is possible that several signaling pathways are activated 
in patients with advanced HNSCC and therefore targeting p-Src 
is not sufficient. The complexities of cell signaling in advanced 
malignancies, including HNSCC, may result in upregulation of 
several feedback mechanisms when a single target is hit.

Dasatinib-induced autophagy. Treatment with dasatinib 
induced considerable levels of autophagy in glioma cells.27 Cells 
expressing functional PTEN were more sensitive than PTEN-
deficient cells. Nanomolar concentrations of dasatinib signifi-
cantly increase autophagic cell death in glioblastoma. Dasatinib 
induced conversion of LC3 in p53 proficient B-cell chronic 
lymphocytic leukemia cells. In addition, a non-toxic concentra-
tion of p53 inhibitor pifithrin-α (25 μM) or 3-MA (0.3 mM) 
decreased dasatinib-induced autophagy.28 Dasatinib decreased 
LC3-I protein and increased LC3-II in both SKOv3 and HEY 
ovarian cancer cells. Dasatinib concurrently decreased p62 levels, 
consistently with its correlation with autophagy. Dasatinib inhib-
its ovarian tumor growth and induces autophagy and apoptosis 
in vivo. Beclin 1 and Atg12, but not cyclin-dependent kinase 
inhibitor p27Kip1, are critical for dasatinib-induced autophagy. 
Downstream targets of Akt, mTOR and p70S6K, were signifi-
cantly suppressed; therefore, dasatinib-induced autophagy par-
tially depends on the Akt pathway and Bcl-2.29 Autophagic cell 
death was magnified by combining dasatinib with low micro-
molar concentrations of DNA alkylating agent temozolomide, 
resulting in a significant augmentation of sensitivity to temozolo-
mide. Less significant inhibition of cell proliferation was observed 
when dasatinib was combined with other cytotoxic chemothera-
pies such as carboplatin and irinotecan.27 Temozolomide induces 
autophagy in glioma cells at doses > 100 μM. When combined 
with dasatinib, autophagy was induced at significantly lower 
doses of temozolomide. These two drugs were highly additive in 
combination. Dasatinib may also be successfully combined with 
radiation therapy or antiangiogenic therapy. These results may 
have implications for the clinical use of dasatinib.

Saracatinib (AZD0530). Saracatinib is a novel, orally bio-
available, aniline-quinazoline that inhibits many cellular pro-
cesses and signaling pathways in which Src kinases are involved. 
Saracatinib is highly selective for non-receptor tyrosine kinases 
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Panitumumab (ABX-EGF; Vectibix). Panitumumab is the 
first fully human IgG2 mAb targeting EGFR, which binds 
the ectodomain of EGFR, blocks binding of EGF and TGFα 
to the receptor, and inhibits receptor autophosphorylation. 
Panitumumab has a longer half-life and higher affinity (K

d
 = 1.33 

± 0.29 nM) for EGFR on the HNSCC cell line (UM-SCC-22B) 
than other mAbs and inhibits EGF-dependent tumor cell activa-
tion and proliferation.41 Panitumumab is potentially less immu-
nogenic than chimeric mAbs, such as cetuximab, and rarely 
causes a severe infusion reaction. As cetuximab is an IgG1 anti-
body, it is potentially able to fix complement and initiate ADCC, 
whereas panitumumab, as an IgG2 antibody, would not have 
significant ability to do so. Preclinical studies indicate that pani-
tumumab can improve HNSCC radiation sensitization by aug-
menting DNA damage and suppressing EGFR activation induced 
by radiation. Panitumumab can prevent radiation-induced phos-
phorylation of EGFR and downstream signaling pathways, and 
PCNA expression, which appears mostly in the S-phase of the 
cell cycle and is a good marker of cellular proliferation, is reduced 
in xenografts treated with the combination of panitumumab and 
radiation compared with either modality alone.42

Panitumumab-induced autophagy. Although the cellular tar-
gets of panitumumab are known, the mechanisms through 
which panitumumab exerts its antitumor activity are not as yet 
well documented. Panitumumab causes cell cycle arrest at the 
G

0
/G

1
 interphase in vitro and inhibits tumor colony formation 

with a similar mechanism of action to cetuximab. Augmentation 
of radiation-induced DNA damage by panitumumab could 
enhance the apoptotic response to irradiation.42 The augmenta-
tion of radiation-induced apoptosis by panitumumab could also 
be mediated by blockade of the radiation-induced EGFR-p-Stat3 
signaling well characterized in HNSCC.43 Activated Stat3 plays a 
central role in protecting cells against apoptosis through the tran-
scriptional modulation of survival genes, such as Bcl-x

L
, Bcl-2 and 

survivin. Immunoblotting analysis revealed that panitumumab 
increased protein levels of Beclin 1, a marker of autophagy. In 
addition, an increase in the GSH level was noted following pani-
tumumab treatment, reflecting an imbalance in the redox status 
of the cells. Redox imbalance within the cytosol may be directly 
responsible for the induction of autophagy. Panitumumab 
reduces colon cancer cell proliferation through autophagy and 
possibly via protein destabilization, regardless of EGFR levels and 
K-ras mutations.44

Multi-Targeted Inhibitors

Targeted molecular therapy is a new paradigm in cancer treat-
ment, in which drugs selectively interfere with molecules 
considered important in oncogenesis. Whereas conventional che-
motherapy aims to kill all proliferating cells including tumors, 
targeted molecular therapy aims to disrupt cancer-specific sig-
naling pathways involved in tumor growth and proliferation. 
Compared with the toxicity of chemotherapy, targeted molecular 
therapies seem to be relatively tolerable. There are multiple types 
of targeted molecular therapies but, among them, multi-target 
tyrosine kinase inhibitors have received particular attention. 

murine region with antigenic activity, and a constant human 
region. Cetuximab is a recombinant human/mouse chimeric 
(65% human and 35% murine) IgG1 mAb that binds targets 
of an extracellular epitope in the EGFR ligand-binding domain, 
inhibits activation of the receptor tyrosine kinase, and stimulates 
receptor internalization and downregulation from the cell sur-
face. Cetuximab has been used in clinical practice in combina-
tion with radiation in patients with locally advanced HNSCC 
and as monotherapy for recurrent and metastatic HNSCC;36 
however, overexpression of EGFR is a hallmark of head and 
neck cancers and confers increased resistance and inferior sur-
vival rates. Cetuximab induces unexpected EGFR phosphoryla-
tion in cetuximab-resistant HNSCC cells similarly to EGF, but 
this EGFR activation does not trigger EGFR internalization/
degradation, the process currently implicated in the response 
to cetuximab. The level of Akt phosphorylation is unmodified 
in cetuximab-resistant cells. In addition, resistance to EGFR-
targeted therapy is typically mediated though alternate means of 
ERK1/2 activation that bypass EGFR either via alternative recep-
tors at the plasma membrane or constitutively active downstream 
components. Despite targeted agents against EGFR, almost half 
of treated patients fail this therapy, necessitating novel therapeu-
tic strategies. By contrast, cetuximab is used in combination with 
chemotherapy to treat head and neck cancers. Cetuximab is effec-
tive in platinum-resistant recurrent or metastatic HNSCC. The 
addition of mAb to the standard first-line regimen cisplatin/5-
fluorouracil not only increased the rate of objective responses but 
also improved progression-free and overall survival in patients 
with recurrent or metastatic HNSCC.37

Cetuximab-induced autophagy. The therapeutic effects of 
cetuximab on cancer cells include cell cycle arrest and/or the 
induction of apoptotic cell death. In addition, the treatment of 
human head and neck cancer cell lines with cetuximab triggered 
autophagosome formation, conversion of LC3 from its cytoplas-
mic to membrane-associated autophagosome form, and increased 
acidic vesicular organelle formation.38 Furthermore, autophagy-
lysosomal inhibition blocked cetuximab-induced autophagic 
flux, leading to the accumulation of LC3-II,39 strongly indicating 
that autophagic flux was activated by cetuximab treatment. The 
role of autophagy induced by cetuximab is to protect or limit can-
cer cell death caused by cetuximab-induced apoptosis, suggest-
ing that autophagy is a protective cellular response to cetuximab 
treatment. The autophagy induced after cetuximab treatment 
occurs as a response to cetuximab-induced apoptosis. Autophagy 
was detected only in cancer cells in which cetuximab induced 
either strong or weak apoptosis; inhibition of apoptosis by a cas-
pase inhibitor prevented the induction of autophagy. Autophagy 
occurred when cetuximab inhibited the class I PI3K/Akt/mTOR 
pathway and it was accompanied by decreased levels of HIF-1α 
and Bcl-2. Under hypoxic conditions, Bcl-2 overexpression deter-
mines an increase of HIF-1α protein expression and HIF-1 tran-
scriptional activity.40 Decrease in HIF-1α through inhibition of 
protein synthesis by cetuximab plays a major role in cetuximab-
mediated antitumor activity. Cetuximab acts by promoting an 
association between Beclin 1 and its major physiological partner, 
Vps34, which is inhibited by overexpression of Bcl-2.
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of Raf-1, a component of the ERK1/2 pathway, but which was 
subsequently shown to inhibit multiple other kinases, including 
class III tyrosine kinase receptors, such as PDGF, VEGFR1/2, 
c-Kit and Flt3. Sorafenib simultaneously inhibits molecular 
components of the Raf/MEK/ERK signaling pathway, abrogat-
ing tumor growth and inhibiting angiogenesis in head and neck 
cancers.49 Sorafenib mediates its antitumor effects independent 
of p53 status. This is important as more than 50% of head and 
neck tumors have mutant p53, and some of the targeted inhibi-
tors selectively inhibit cell growth in cancer cells with wild-type 
p53 only. In the clinic, sorafenib is believed to act by suppress-
ing tumor angiogenesis through inhibition of VEGFR fam-
ily receptors. In head and neck cancers, sorafenib seems to act 
mainly by inhibiting EGFR/Ras/Raf/MEK/ERK signaling, 
tumor proliferation and apoptosis. Despite these findings, the 
lack of meaningful clinical activity suggests that advanced head 
and neck cancers may not entirely depend on these pathways. 
Sorafenib is reasonably well tolerated in patients with advanced 
or metastatic HNSCC, as it has a toxicity profile similar to that 
observed in other trials with this agent.50 Sorafenib has also dem-
onstrated good tolerability and promising antitumor activity in 
combination studies, including combinations with oxaliplatin, 
5-fluorouracil, paclitaxel, gemcitabine, doxorubicin, docetaxel 
and irinotecan. Full clinical activity of sorafenib may be achieved 
by combining it with chemoradiation or other signal transduc-
tion inhibitors.

Sorafenib-induced autophagy. Sorafenib kills human leuke-
mia cells at concentrations below the maximum achievable dose 
of 15–20 μM through a mechanism involving downregulation 
of the antiapoptotic Bcl-2 family member Mcl-1.51 Sorafenib-
mediated Mcl-1 downregulation occurred through a transla-
tional rather than a transcriptional or posttranslational process 
that was mediated by ER stress signaling and the regulation of 
autophagy. Sorafenib induced both apoptosis and autophagy 
in human hepatocellular carcinoma cells through a mechanism 
that involved ER stress and was independent of the MEK1/2-
ERK1/2 pathway,52 whereas recent findings have also revealed 
that sorafenib generated a protective form of autophagy in gastro-
intestinal and pancreatic tumor cells. The mTORC1 inhibition 
by sorafenib treatment in carcinoma cells induced morphological 
and biochemical hallmarks of autophagy, for example, the gen-
eration of autophagosomes, GFP-LC3 redistribution and LC3-II 
accumulation. Upregulation of IRE1 (the protective component 
of ER stress) signals from sorafenib-induced ER stress was critical 
for the induction of autophagy. Moreover, autophagy activation 
alleviated ER stress-induced cell death. Inhibition of autophagy 
using either pharmacological inhibitors or essential autophagy 
gene knockdown (Atg7 gene) enhanced cell death in sorafenib-
treated hepatocellular carcinoma cell lines. The combination 
of sorafenib with the autophagy inhibitor CQ produced more 
pronounced tumor suppression in both in vivo and in vitro. In 
vivo, sorafenib/CQ treatment resulted in a marked increase in 
TUNEL-positive tumor cells compared with sorafenib-treated 
tumors. Interestingly, combination of sorafenib with vorino-
stat interacts in a synergistic fashion to kill carcinoma cells by 
activating CD95. Exposure to sorafenib plus HDAC inhibitor 

Tyrosine kinases regulate important cell functions, including 
survival, differentiation and proliferation. When mutated or 
overexpressed, they have key roles in many cancers: increasing 
tumor cell growth and proliferation, inducing resistance to apop-
tosis and promoting angiogenesis and metastasis.

Sunitinib (SU01148; Sutent). Sunitinib is an oral tyrosine 
kinase inhibitor that targets multiple tyrosine kinase receptors, 
including PDGFR, VEGFR, c-Kit, Flt3, GDNFR and CSF-1R.45 
Sunitinib showed potent antitumor effects in many tumor cell 
lines, including human leukemia cells (HL-60), human breast 
cancer cells (SKBr-3), human lung cancer cells (A549), human 
gastric cancer cells (SGC-7901) and human colon cancer cells 
(HCT116), with IC

50
 values approximately between 2.2 and 

5.5 μM, respectively. Recent research has explored the poten-
tial antiangiogenic effects of sunitinib, given the critical role of 
many of these receptor kinases in tumor angiogenesis. Sunitinib 
inhibited the activation of VEGFR2/3 signaling and the down-
stream molecules MEK, ERK and Akt induced by VEGF-C 
and VEGF-D in lymphatic endothelial cells; however, suni-
tinib has limited activity in unselected patients with recurrent 
or metastatic HNSCC. The prognosis of patients with palliative 
HNSCC unsuitable for chemotherapy or with progression after 
platinum-based therapy is poor, with a median overall survival 
ranging from 3–6.7 mo. The severity of some of the complica-
tions highlights the importance of improved patient selection for 
future studies of sunitinib in head and neck cancer. Sunitinib 
should not be used outside clinical trials in HNSCC.46

Sunitinib-induced autophagy. Sunitinib markedly induced 
the apoptosis of rat pheochromocytoma cells (PC12) in a dose- 
and time-dependent manner. Sunitinib induced both a reduc-
tion in the expression of the antiapoptotic molecule Bcl-2 as well 
as dephosphorylation of the proapoptotic molecule Bad, which 
resulted in the activation of Bad in these cells. Sunitinib inhib-
ited Stat3 and induced direct renal cell carcinoma cell apopto-
sis, independent of tumor vasculature destruction. Sunitinib 
inhibited the phosphorylation of Akt and mTOR followed by a 
reduction of p70S6K, which is a well-known target of mTOR.47 
Sunitinib-treated cells have increased levels of LC3-II in H9c2 
cardiac muscle cells, which contribute to the formation of 
autophagosomes and remain attached to matured autophago-
somes, indicating that exposure of cells to sunitinib resulted in 
the formation of autophagosomes. Sunitinib markedly increased 
autophagic flux in cells, which was associated with elevated cell 
death. Inhibition of autophagy by Beclin 1 knockdown resulted 
in significant attenuation of cell death. This result confirms 
that autophagy plays an important role in sunitinib-mediated 
cell cytotoxicity;48 however, sunitinib-induced cytotoxicity in 
cells does not proceed markedly through apoptosis, as measured 
by cellular morphology, PARP cleavage or caspase-3 cleavage. 
Caspase inhibitor zVAD-fmk had little effect on the survival of 
cells. These results suggest that autophagy might be involved in 
sunitinib-induced cytotoxicity. Thus, pretreatment with autoph-
agy inhibitors might constitute a potentially therapeutic option 
to prevent sunitinib-induced cytotoxicity.

Sorafenib (BAY 43-9006; Nexavar). Sorafenib is a multi-
kinase inhibitor that was originally developed as an inhibitor 
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ROS generation, increased p62 levels, and downstream upon 
activation of p38 MAPK and inactivation of mTOR.

Other Promising Agents

Effective therapies for patients with HNSCC are urgently needed. 
Targeted therapies are directed at the unique molecular signa-
ture of cancer cells to produce greater efficacy with less toxic-
ity. The development and use of such therapeutics will enable us 
to improve cancer care. Molecular targeted therapy (other than 
those above) based on signal transduction pathway alterations 
detected in cancer offers the hope of reaching this goal.

Bortezomib (PS-341; Velcade). The dipeptide boronic acid 
bortezomib is a reversible inhibitor of the chymotryptic activity 
of the 26S proteasome. Although the molecular mechanism of 
bortezomib has not yet been fully understood, this agent became 
the first proteasome inhibitor to enter clinical use. Clinical trials 
with bortezomib have shown promising results for some types of 
cancers, but not for others. Its antitumor activity has been attrib-
uted to an effect on several pathways, including the inhibition of 
NFκB.58 NFκB is overexpressed in HNSCC and its expression is 
associated with its aggressive nature and poor prognosis. HNSCC 
cell lines with increased NFκB expression demonstrated a lower 
apoptosis rate and increased radioresistance. Tumors with a high 
risk of recurrence harbored a higher expression of genes that are 
associated with the activation of NFκB signaling. Bortezomib 
was shown to inhibit NFκB activation and has cytotoxic, anti-
angiogenic, and radiosensitizing activity in HNSCC and other 
tumors. In HNSCC cell lines, the combination of bortezomib 
with docetaxel showed significantly increased growth inhibi-
tion compared with either alone. Although bortezomib has been 
shown to inhibit NFκB activation and to enhance the cytotoxic-
ity of docetaxel with known efficacy in HNSCC,59 the response 
rate was lower than anticipated. It is unclear why bortezomib 
did not improve patient outcome when added to docetaxel. In 
addition, bortezomib attenuated the effects of cetuximab- and 
radiation-induced EGFR degradation and inhibition of prosur-
vival signaling in the HNSCC cell line UMSCC-1. Because 
EGFR is degraded by the ubiqutin-proteasome system, it seems 
likely that proteasome inhibition by bortezomib could attenuate 
the cytotoxic effects of cetuximab and radiation by protecting 
EGFR from degradation.60 Consequently, proteasome inhibitor-
induced activation of EGFR can induce MAPK, Akt and Stat3 
prosurvival pathways. Together, the results of these studies 
show that bortezomib in combination with cetuximab or reir-
radiation results in incomplete clinical and molecular responses 
in HNSCC. Other studies suggested that bortezomib induced 
apoptosis of HNSCC cells through inhibition of protein phos-
phatase 2A-dependent Akt activation.

Bortezomib-induced autophagy. Bortezomib potently activated 
the caspase cascade and induced apoptosis in human HNSCC 
cell lines. Proteasome inhibition by bortezomib induced ER 
stress and ROS in HNSCC cells. The inhibition of ROS sig-
nificantly suppressed caspase activation and apoptosis induced 
by bortezomib.61 Bortezomib potently induces autophagy in 
HNSCC cells, as demonstrated by the upregulation of LC3-II 

generated a CD95- and Beclin 1-dependent protective form of 
autophagy. Sorafenib (3 or 6 μM) and vorinostat (500 nM) treat-
ment promoted higher levels of CD95 phosphorylation, which 
correlated with DISC formation, receptor surface localization 
and autophagy. Thus, sorafenib contributes to CD95 activation 
by promoting receptor tyrosine phosphorylation, whereas vorino-
stat contributes to CD95 activation via the initial facilitation of 
ROS generation and subsequently of CD95 ligand expression.53

Lapatinib (GW572016; Tykerb). Lapatinib is a novel, 
selective, and highly potent (9–10 nM) dual inhibitor that tar-
gets the tyrosine kinase domains of both EGFR and human 
HER2 (ErbB2) by interfering with ATP binding, thus block-
ing autophosphorylation and resultant downstream signaling 
activities, including cellular proliferation and survival.54 ErbB2 
heterodimerization with EGFR may mediate disease progression. 
Lapatinib in turn inhibits the activation of downstream signal-
ing pathways such as ERK1/2 and Akt in cell lines and xeno-
grafts. Lapatinib elicits cytostatic or cytotoxic antitumor effects, 
depending on the cell type, and has demonstrated clinical activity 
in several solid tumors. Lapatinib has shown single-agent activity 
in in vitro and in vivo xenograft studies in HNSCC cell lines. 
Lapatinib may be more effective in combination with cisplatin 
or paclitaxel, and lapatinib might provide useful clinical benefits 
to HNSCC patients. Although paclitaxel shows antiangiogenic 
activity, a synergistic effect with lapatinib was not observed. 
Since the therapy efficacy of lapatinib was subjected to intrinsic 
and acquired resistance, it is an urgent issue to uncover the poten-
tial mechanisms conferring resistance to lapatinib.

Lapatinib-induced autophagy. Although apoptotic cells 
detected by TUNEL were frequent with lapatinib, the change 
in lapatinib treatment was not statistically significant in the 
caspase-3 assay. The lack of apoptotic changes despite the obser-
vation of tumor shrinkage in some patients suggests that caspases 
may not be involved in lapatinib-induced cell death or that lapa-
tinib does not induce apoptosis, and its mechanism of action is 
through some other pathway in locally advanced HNSCC.55 In 
breast cancer cells with HER2 amplification, lapatinib induced 
apoptosis in association with upregulation of the proapoptotic 
protein Bcl-2 interacting mediator of cell death (BIM) through 
inhibition of the MEK/ERK signaling pathway;56 however, the 
clinical response of lapatinib was seriously limited by drug resis-
tance. The preliminary data demonstrated increased autophago-
some formation in stable resistant cells. Autophagy inhibitors 
such as hydroxychloroquine (HCQ) and 3-MA might be helpful 
to restore the sensitivity of the resistant cells to lapatinib via abol-
ishing the formation process and degradation ability of autopha-
gosome. Alternatively, the abrogation of key molecules to form 
autophagosomes, including at least 30 Atg genes, also might be 
useful for resensitization to lapatinib treatment. Autophagy could 
have facilitated ErbB2-positive cancer cell resistance to lapatinib 
and promoted the survival of resistant cells. The abrogation of 
autophagy might restore drug sensitivity and autophagy might be 
one of the targets to overcome lapatinib resistance.57 In contrast, 
co-administration of lapatinib with Bcl-2/Bcl-x

L
/Mcl-1 antago-

nist obatoclax caused synergistic cell killing by eliciting autoph-
agic cell death that was dependent upstream on mitochondrial 
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mediator of rapamycin’s antitumor effect rather than a protective 
response. In general, mTOR acts as a molecular link between 
apoptosis and autophagy. Indeed, mTOR inhibitors induce apop-
tosis in some types of tumor cells, whereas they trigger autophagy 
in other settings.66 Because the incidence of autophagy induced 
by rapamycin was enhanced by the suppression of kinase activ-
ity, rapamycin treatment did not sufficiently inhibit mTOR 
kinase activity.67 Rapamycin does not inhibit all mTOR func-
tions because mTOR exists in cells at least two distinct multipro-
tein complexes, only one of which binds to FKBP12-rapamycin. 
The rapamycin-sensitive complex is defined by the interaction of 
mTOR with the accessory protein raptor (mTORC1), and the 
rapamycin-insensitive complex interacts with rector (mTORC2). 
Rapamycin is only a partial inhibitor of mTORC1 kinase activ-
ity. Although autophagy is generally considered a prosurvival 
mechanism that preserves viability, there is evidence that it could 
drive an alternative programmed cell death pathway in cells with 
defects in apoptosis. Autophagy is an alternative cell death path-
way that is induced by mTOR inhibitors and upregulated when 
apoptosis is defective.

Everolimus (RAD001; Afinitor). Everolimus is an orally 
administered inhibitor of mTOR, a component of an intracel-
lular signaling pathway that regulates cellular metabolism, 
growth, proliferation and angiogenesis. Everolimus, a derivative 
of rapamycin, binds to an intracellular protein FKBP12, form-
ing a complex that inhibits the mTOR serine/threonine kinase 
in its complex mTORC1. In this regard, everolimus also reduced 
p-AktS473 levels in primary tongue lesions and their metastases, 
suggesting that everolimus can also reduce mTORC2 activity in 
HNSCC, likely indirectly. There is a paucity of data concerning 
the preclinical activity of everolimus in head and neck cancer. 
Everolimus can markedly reduce tumor burden and even recur-
rence in HNSCC tumor xenografts and in chemically induced 
and genetically defined animal models demonstrating HNSCC 
initiation and progression.68 In addition, treatment with everoli-
mus caused a marked decrease in the number of invaded lymph 
nodes, which was reflected in a significant increase in the overall 
survival of all everolimus-treated animals.69 The combination of 
everolimus and cisplatin may be a useful therapeutic strategy in 
HNSCC. Inhibition of mTOR, a downstream signaling mediator 
of Akt, has been shown to enhance sensitivity to cisplatin in some 
cancer cell lines. At the concentrations required to inhibit cell 
growth, everolimus could induce apoptosis rather than cell cycle 
arrest and exert an additive effect on HNSCC cell growth when 
combined with cisplatin. Unfortunately, paradoxical upregula-
tion of Akt following everolimus treatment suggests the presence 
of a feedback loop on Akt signaling in some malignant cells.

Everolimus-induced autophagy. Everolimus increased Beclin 
1 expression, the conversion of the soluble form of LC3 to the 
autophagic vesicle-associated form LC3-II and the occurence 
of lysosomes/autophagosomes. Everolimus was confirmed to 
act on the target by analyzing the phosphorylation status of 
the mTOR target proteins 4E-BP1 and p70S6K. The effects of 
everolimus were abrogated by RNA interference knockdown of 
Atg5. Everolimus synergistically enhances both chemosensitivity 
to doxorubicin and radiosensitivity, and seems to do so through 

and Beclin 1, and relocalization of GFP-LC3 to punctate dis-
tribution in the cytoplasm. Although the induction of autoph-
agy following proteasome inhibition has been observed in other 
cell types, with autophagy serving a prosurvival role in colon, 
prostate and ovarian cancer cells, whether bortezomib-induced 
autophagy will play a prosurvival or prodeath role in a particu-
lar cell type remains to be determined. Interestingly, targeting 
HDAC6 by RNA interference abolishes autophagy and enhances 
cell death induced by bortezomib in breast cancer cells. HDAC6 
regulates the recruitment of the autophagic mechanism to destroy 
the aggregates. Bortezomib treatment of three human HNSCC 
cell lines led to the phosphorylation/activation of JNK1 enzyme, 
but not JNK2, accompanied by JNK-dependent phosphoryla-
tion of Bcl-2 on Ser,70 which causes disruption of Bcl-2/Beclin 
1 complexes, liberating Beclin 1 to promote autophagy.62 Bcl-x

L
 

is also known to be overexpressed in a majority of HNSCC cell 
lines and primary specimens. DNA-damaging agent oxaliplatin 
induces Bcl-x

L
 phosphorylation at the Ser62 residue in a JNK-

dependent manner. Bcl-x
L
 antiapoptotic function may be more 

critically related to its phosphorylation status than to its expres-
sion level. Eventually, bortezomib activates two different, while 
interconnected pathways of cell death, autophagy and apoptosis.

Rapamycin (Sirolimus; Rapamune). Among the multiple 
molecular mechanisms dysregulated in HNSCC, the experimen-
tal findings support the importance of the Akt/mTOR signal-
ing route in HNSCC progression. Indeed, activation of mTOR 
and Akt has been observed in more than 80% of all HNSCC 
lesions, often correlating with poor prognosis.63 mTOR is a 
serine-threonine protein kinase that belongs to the PI3K-related 
family, and has been recognized as an important and attractive 
therapeutic target for cancer therapy. Rapamycin was found to 
display potent antitumor activity in a variety of solid tumors and 
was discovered as the first mTOR inhibitor; however, it has poor 
aqueous solubility and chemical stability and therefore its utili-
zation at doses able to produce an effect as an anticancer agent 
is limited. Rapamycin binds to intracellular FKBP12 to gener-
ate a drug-receptor complex that then binds to and inhibits the 
kinase activity of mTORC1, which regulates cell growth through 
effectors such as p70S6K and 4E-BP1. Rapamycin used as a sin-
gle agent displays anti-proliferative effects and induces apopto-
sis in HNSCC cell lines, and promotes the rapid regression of 
HNSCC-tumor xenografts in mice.64 On the other hand, mTOR 
controls the accumulation of HIF-1α and the consequent expres-
sion of VEGF in HNSCC cells. HNSCC cells are the primary 
target of rapamycin and provide evidence that its anti-angiogenic 
effects may represent a downstream consequence of mTOR inhi-
bition in HNSCC cells.65 In addition, rapamycin may increase 
the antitumor activity of a variety of cytotoxic agents, includ-
ing cisplatin, carboplatin, doxorubicin, paclitaxel, topotecan and 
mitoxantrone in HNSCC cell lines;64 however, it increasingly 
clear that rapamycin does not have universal antitumor effects in 
people and that only a fraction of patients respond to the drug.

Rapamycin-induced autophagy. Rapamycin induced autoph-
agy, and the inhibition of autophagy by siRNA directed against 
Beclin 1 attenuated the cytotoxicity of rapamycin in rapamycin-
sensitive tumor cells, indicating that autophagy was a primary 
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proceeds to caspase-independent apoptosis. The combination 
of vorinostat and temsirolimus demonstrated synergy, suggest-
ing that this combination may have a clinical value in patients 
with lymphoma. This synergistic effect seems to be related to a 
variety of molecular events, including enhancement of caspase-3 
activation and possibly the inhibition of ERK phosphorylation. 
Temsirolimus induced autophagy, while vorinostat induced cas-
pase-mediated apoptosis. The effect of vorinostat was associated 
with inhibition of ERK phosphorylation, but without altering 
Bcl-2 or Beclin 1 levels.

Hsp90 in HNSCC. Small molecule kinase-targeted drugs 
have been at the forefront of a new class of cancer therapeutics; 
however, cancer cells routinely develop drug resistance to these 
targeted therapies. Therefore, there is a need to be able to iden-
tify novel targets that regulate multiple proteins and signal trans-
duction pathways. Hsp90 is a ubiquitously-expressed molecular 
chaperone that is required for the conformational maturation and 
stability of a range of client proteins. Hsp90 clients include key 
mediators of signaling cascades that regulate cellular prolifera-
tion as well as block apoptotic signaling.75 Many of the clients are 
tyrosine kinases (Bcr-Abl, EGFR family members), serine/threo-
nine kinases (Akt, Raf-1), and transcription factors (p53, Stat3) 
that are involved in multiple signal transduction pathways.76 
Furthermore, Hsp90 is overexpressed in HNSCC, and inhibi-
tion of Hsp90 allows for the development of small molecules 
that exhibit high differential selectivity;77 therefore, inhibition of 
Hsp90 disrupts multiple signaling pathways that contribute to 
malignancy.

Hsp90 inhibitors (17-AAG, KU363, EC5). Inhibitors of Hsp90 
against HNSCC have been studied previously. Multiple studies 
have demonstrated that Hsp90 inhibition leads to the degrada-
tion of client proteins and enhances tumor cell death. Hsp90 
inhibitor 17-AAG, a geldanamycin-derived Hsp90 inhibitor, has 
entered clinical trials in cancer patients and shows evidence of 
biological and clinical activity. Recent clinical trials, however, 
have demonstrated that Hsp90 inhibitors were not therapeuti-
cally effective and that 17-AAG displayed dose-limited toxicity 
and was somewhat difficult to formulate. KU363, a novobiocin-
derived Hsp90 inhibitor, functions by binding at the C terminus 
of Hsp90, thus resulting in inhibition of its chaperone activity. 
In vitro, it was observed to reduce cell viability and proliferation 
in four different HNSCC cell lines. It also triggered significant 
induction of apoptosis, which was seen with flow cytometry and 
confirmed by caspase-3 activation. Western data also revealed 
the downregulation of Hsp90 client proteins ErbB2/HER2 and 
Raf-1.78 Low-dose KU363 displayed comparable levels of efficacy 
with the high dose but without the overt evidence of systemic 
toxicity that was observed on gross pathology in some high-dose 
mice. EC5 is a novel ansamycin-based compound, a dimer of gel-
danamycin, designed to engage both N-terminal binding sites 
on the Hsp90 dimer simultaneously, thus stabilizing the drug-
target interaction. Although 17-AAG has some limitations as a 
therapeutic agent due to poor solubility, EC5 was designed to 
stabilize the drug-target interaction for increased effectiveness.77 
Both 17-AAG and EC5 inhibited tumor cell proliferation effec-
tively, but EC5 was more potent, with IC

50
 below 200 nM in 

autophagy. Autophagic activation resulted in Src activation and 
MET inactivation, and the anticancer effects of autophagic acti-
vation are mediated largely through MET. Activated c-MET 
is responsible for triggering a number of intracellular signaling 
cascades and plays important roles in cell proliferation, sur-
vival, migration and angiogenesis. Everolimus might promote 
autophagy-mediated programmed cell death, a non-apoptotic 
escape pathway important in cells that are defective or deficient 
in apoptosis.70

Temsirolimus (CCI-779; Torisel). Temsirolimus is a water-
soluble synthetic rapamycin ester that has been developed in both 
oral and intravenous formulations. Temsirolimus has only mod-
est activity when used alone and may induce acquired resistance 
by activating upstream mTORC2 and Akt. Tumors that do not 
depend upon PI3K/Akt/mTOR signaling for survival are primar-
ily resistant. The limited clinical efficacy of temsirolimus is due 
to a compensatory increase in survival signaling pathways down-
stream of Akt as well as incomplete block of 4E-BP1-controlled 
proliferative processes downstream of mTOR. Temsirolimus 
effectively abrogated the downstream effects of mTOR activation 
in an HNSCC cell line, decreasing expression of the translational 
effectors p70S6K and 4E-BP1 and resulting in decreased expres-
sion of b-FGF and VEGF. When administered in combination 
with irradiation, anti-EGFR and anti-angiogenic therapies in 
head and neck cancer patients, temsirolimus exhibits additive 
antiproliferative effects.71 Although irradiation enhances the pro-
survival PI3K/Akt/mTOR pathway, which is already upregulated 
in many types of cancer, including HNSCC, the combination of 
temsirolimus and radiotherapy was significantly more effective 
in reducing tumor burden than conventional chemoradiotherapy 
with cisplatin. Doses of temsirolimus that significantly inhibit 
mTOR signaling have a growth-inhibitory effect, and impor-
tantly cause significant inhibition of VEGF production in the 
cells.72 HNSCC may be an excellent tumor type for the use of 
mTOR inhibitors as single agent adjuvant therapy since temsi-
rolimus inhibited mTOR and did not cause an increase in p-Akt 
but, on the contrary, a decrease.

Temsirolimus-induced autophagy. Temsirolimus increased 
the number of acidic vesicular organelles and the amount of 
LC3 processing, which are characteristic of autophagy, with-
out the induction of apoptosis.73 Temsirolimus acts primarily 
by promoting G

1
 cell cycle arrest and autophagy in mantle cell 

lymphoma cells. The downregulation of p21 was shown to be 
critical for the induction of autophagy, especially in the pres-
ence of Beclin 1. Downregulation of p21 was associated with 
sustained ERK activation, thus favoring autophagy. Cell death 
can be achieved in vivo through more prolonged exposure to the 
drug as a result of sustained autophagy. It is also possible that 
temsirolimus may indirectly kill tumor cells in vivo by inhibit-
ing angiogenesis.74 Primarily resistant cells to temsirolimus lack 
robust Akt signaling, are unable to phosphorylate Akt at base-
line, and express PTEN. Dual treatment with temsirolimus 
and the PI3K inhibitor ZSTK474 or the PI3K/mTOR inhibitor 
BEZ235 overcame temsirolimus-induced Akt hyper-phosphor-
ylation, which is a marker for developing acquired resistance. 
The mechanism of cell death involves massive autophagy which 
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in human gliomas. The inhibition of HDAC can reverse epigen-
etic silencing that is commonly observed in cancer, and various 
HDAC inhibitors have been developed for cancer therapy. The 
altered activities of both histone acetyl transferases and HDACs 
have been reported in HNSCC,83 and recently, HDAC2 expres-
sions in HNSCC had been implicated in advanced stage and 
poor prognosis, indicating they may represent a potential thera-
peutic target in this disease.84 HDAC2 maintains HIF-1α stabil-
ity, probably at the level of protein modification, which in turn 
leads to an increase in cell invasion/migration ability in oral can-
cer progression. These findings implicate the potential of HDAC 
inhibitors for oral cancer therapy. AP-2α is involved in a variety 
of processes, including adipogenesis, neuronal development, and 
is suspected in cancer progression, in which AP-2α plays a role 
not only in epigenetic silencing, but also in genomic instability. 
The potential importance of AP-2α’s transcriptional regulation 
of target genes is revealed in the pathogenesis of HNSCC.

HDAC inhibitors (Vorinostat, Apicidin). HDAC inhibitors 
have been shown to induce growth arrest and differentiation 
and to promote apoptosis in HNSCC, and some of them are in 
advanced clinical development either as single agents or in combi-
nation with conventional chemotherapeutics or targeted agents.85 
Vorinostat (SAHA; Zolinza) induces synergistic antiprolifera-
tive and proapoptotic effects in combination with gefitinib in 
HNSCC cells, including cells strongly resistant to gefitinib. 
The differential modulation of ErbB receptors by vorinostat 
may represent a mechanistic basis for the observed synergism. In 
HNSCC (CAL27) cancer cells, which have a prevalent epithe-
lial phenotype and express EGFR, ErbB2 and ErbB3, vorinostat 
downregulates the expression and signaling of all three receptors. 
In HNSCC cells, gefitinib resistance was linked to ErbB2- and 
ErbB3-mediated signaling and synergistic antiproliferative activ-
ity was demonstrated by combining gefitinib and agents target-
ing ErbB2.86 Apicidin is a novel cyclic tetrapeptide with a broad 
spectrum of antiproliferative activity against a variety of cancer 
cell lines. Apicidin significantly inhibited the proliferation of 
HNSCC cells in a dose-dependent manner, and markedly upreg-
ulated p21WAF1 led to G

2
/M phase arrest in a p53-independent 

manner. In addition, apicidin treatment leads to the release of 
cytochrome c to the cytosol and activation of caspase-9, -7 and 
-3, which was confirmed by PARP cleavage in HNSCC cells.87

HDAC inhibitor-induced autophagy. There are several reports 
of HDAC inhibitor-induced autophagy. Valproic acid (Depakene) 
can induce autophagy, which constituted the main cause of cell 
death instead of apoptosis in glioma cell lines, whereas FK228 
mediated autophagy in rhabdomyosarcoma cells. Vorinostat 
induced autophagy in hepatocellular carcinoma cells as revealed 
by LC3-II accumulation. Vorinostat induced autophagy through 
downregulation of Akt/mTOR signaling and induction of the 
ER stress response. Inhibition of autophagy by 3-MA or Atg5 
knockout reduced vorinostat-induced cytotoxicity, indicating 
that vorinostat-induced autophagy led to cell death.88 Vorinostat 
decreased the expression of p62 in a dose-dependent manner. 
The combination of autophagy inducers with vorinostat might 
be attractive for the treatment of hepatocellular carcinoma, and 
pharmacological targeting of autophagy provides promise for the 

most cell lines tested. EC5 induced anti-proliferative effects in 
all the HNSCC cell lines. The anti-proliferative effect by EC5 in 
HNSCC can be explained by G

1
 arrest followed by apoptotic cell 

death with the degradation of client proteins including EGFR, 
c-Raf-1, Akt and Cdk4 and inhibition of Akt phosphorylation. 
In vivo, EC5 markedly reduced the growth rate of established 
HNSCC xenografts in nude mice and decreased the expression 
of EGFR and Akt within the xenografts.79 These results suggest 
that ansamycin-based Hsp90 inhibitors affect multiple pathways 
involved in tumor development and progression, and may repre-
sent a new strategy for the treatment of HNSCC patients.

Hsp90 inhibitor-induced autophagy. In most cancer cells, the 
hyperactivation of Hsp90 stabilizes its client proteins and protects 
cells from stress conditions. In contrast, the specific inhibition of 
Hsp90 by some chemicals can lead to the degradation of its cli-
ents via either the ubiquitin proteasome system or autophagy.80 
17-AAG not only causes the upregulation of heat shock proteins, 
but is also an effective inducer of the autophagic pathway, which 
may provide a means to modulate autophagy in cells. Hsp90 
inhibitors induce cytoprotective autophagy in myeloma cells. 
Inhibiting the autophagic process could be a valuable strategy 
to facilitate the death of multiple myeloma cells by other agents 
targeting the intrinsic apoptotic pathway. In this respect, Hsp90 
inhibitors represent an emerging class of compounds with potent 
anti-myeloma actions whose activity could be further enhanced 
by preventing autophagy. Hsp90 inhibitor-induced autophagy 
is associated with Akt protein degradation in a mechanism 
dependent on Hsp90 inhibition and Akt-mediated inhibition of 
mTOR activity in human melanoma A-375 cells. Recent studies 
have reported that IκB kinase, an essential activator of NFκB, 
is a client protein of Hsp90 that can be selectively degraded by 
autophagy when Hsp90 is inhibited. Consequently, the inhibited 
nuclear translocation of NFκB leads to various changes in cellu-
lar programs. For example, Hsp90 forms a complex with Beclin 1 
through an evolutionarily conserved domain to maintain the sta-
bility of Beclin 1. There are three NFκB binding sites inside the 
first intron of the Becn1 promoter.81 Paradoxically, geldanamy-
cin effectively promoted proteasomal degradation of autophagy 
protein Beclin 1 in a concentration- and time-dependent man-
ner. NFκB can regulate the autophagic process in a positive or 
negative manner. Taken together, these observations provide an 
Hsp90-NFκB-Beclin1 link as a potential biological regulation 
for autophagic signaling.82 Many drug candidates which target 
Hsp90 are currently undergoing clinical trials for multiple indi-
cations, either as a single agent or in combination therapy.

HDAC in HNSCC. HDACs play a key role in the epigenetic 
regulation of genes by catalyzing the removal of acetyl groups, 
stimulating chromatin condensation and promoting transcrip-
tional repression. Modulation of expression levels of genes encod-
ing HDACs has been reported for different types of cancer. For 
example, overexpression of HDAC1 has been reported in gastric 
and HDAC2 and HDAC3 in colorectal cancer. Decreased tran-
scription of the HDAC5 gene has been observed in colorectal 
cancer. Increased expression of HDAC6 is linked to better sur-
vival in breast cancer. SIRT8 was found to be overexpressed in 
thyroid cancer, while SIRT2 gene expression is downregulated 
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autophagy with siRNA targeted to Beclin 1 and Atg7 enhances 
the therapeutic efficacy of cisplatin and 5-fluorouracil in esopha-
geal cancer, respectively. A key contributor to drug resistance in 
autophagic cancer cells is undoubtedly their failure to engage in 
apoptosis. The overall hypothesis in these trials is that autophagy 
is a survival mechanism of therapeutic resistance and that block-
ing autophagy might increase the effect of anticancer treatment. 
Pharmacological clinical trials are underway for evaluating the 
potential benefit of CQ in combination with conventional ther-
apy for a variety of malignancies, although the verification that 
the effects of CQ in these settings were through modulation of 
autophagy is yet to be established. 3-MA was shown to enhance 
cell death induced by 5-fluorouracil and cytotoxicity induced by 
the tyrosine kinase inhibitor.

It must be remembered that the anticancer effect of these dif-
ferent molecules might not be solely due to their inhibition of 
autophagy. Although there are several pharmacological inhibi-
tors of autophagy, none of the available autophagy inhibitors is 
specific for autophagy, and hence, affects other pathways. For 
instance, CQ has been reported to induce apoptosis due to lyso-
somal disruption, mitochondrial membrane permeabilization 
and decreased protein degradation. In mouse breast cancer cell 
lines, CQ may act through mechanisms other than by inhibition 
of autophagy. CQ can induce p53-independent death in gliomas 
that do not require caspase-mediated apoptosis. 3-MA suppresses 
autophagy via the inhibition of class III PI3K; however, 3-MA 
can suppress proteolysis even in Atg5-deficient cells, suggesting 
that its effects on protein degradation extend beyond its role in 
autophagy inhibition. More selective inhibitors of autophagy 
need to be developed. Current knowledge leaves no doubt that 
autophagy has great potential for the development of novel 
therapeutics.
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management of cancer therapy. Apicidin induced not only apop-
tosis but also autophagy in HNSCC (YD-8 and YD-10B) cells. 
Apicidin markedly increased the levels of LC3-II expression, 
Atg5 protein expression and the accumulation of acidic vesicu-
lar organelles. CQ treatment with apicidin resulted in marked 
increases in the levels of LC3-II. Apicidin treatment in the pres-
ence of CQ for 48 h significantly reduced cell viability as com-
pared with apicidin treatment alone, indicating that inhibition 
of autophagy enhanced apicidin-mediated cytotoxicity through 
an increase in apoptosis.89 These results indicated that autophagy 
plays a protective role in apicidin-mediated cell killing and its 
inhibition enhances apicidin-induced apoptosis in HNSCC cells. 
Although little data are available about the possible impact of 
the different HDAC isoforms on autophagy, the current experi-
ments revealed that HDAC1 and HDAC2 are required for the 
autophagic response, and HDAC6 is a novel component that 
controls the fusion of autophagosomes and lysosomes associated 
with autophagy.

Conclusions and Future Perspectives

One of the most daunting clinical issues is frequent tumor pro-
gression after standard treatment, mainly due to therapeutic resis-
tance. Conventional treatments are not adequate for the majority 
of advanced or recurrent HNSCC patients because of the marked 
resistance of tumors to chemotherapy and radiation, and the situ-
ation is especially devastating for first-time treatment failure. It 
is an urgent issue to elucidate the mechanisms that induce anti-
cancer drug resistance. Most, if not all, anticancer treatments 
including novel targeted therapies stimulate autophagy, and this 
enhanced autophagy is involved in regulating tumor cell resis-
tance to anticancer agents. Cancer cells may take advantage of 
autophagy to survive despite treatment with anticancer therapy 
regimens, such as chemotherapy or radiation. Currently, there 
are several potential strategies to inhibit autophagy, including 
pharmacological and genetic approaches, to resensitize resistant 
cancer cells to anticancer therapy. For example, repression of 
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