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Heat shock proteins as biomarkers of lung cancer
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ABSTRACT
Heat shock proteins are known to be associated with a wide variety of human cancers including lung cancer.
Overexpression of these molecular chaperones is linked with tumor survival, metastasis and anticancer drug
resistance. In recent years, heat shock proteins are gaining much importance in the field of cancer research
owing to their potential to be key determinants of cell survival and apoptosis. Lung cancer is one of themost
common cancers diagnosed worldwide and the association of heat shock proteins in lung cancer diagnosis,
prognosis and as drug targets remains unresolved. The aim of this review is to draw the importance of heat
shock protein members; Hsp27, Hsp70, Hsp90, Hsp60 and their diagnostic and prognostic implications in
lung cancer. Based on the available literature heat shock proteins can serve as biomarkers and anticancer
drug targets in the management of lung cancer patients.
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Introduction

Heat shock proteins (Hsps) are members of molecular cha-
perones ubiquitously expressed in cells and play a key role in
protein folding, protein stability and in the maintenance of
cellular homeostasis.1,2 Hsps were first discovered as a group
of proteins induced by heat stress, but now are known to be
expressed in response to UV light, wound healing, tissue
remodeling, pathogens, cancers, etc.,3,4 In mammals, based
on the molecular weight, Hsps are categorized into different
classes; Hsp100, Hsp90, Hsp70, Hsp60 and small Hsps such as
Hsp33 and Hsp27.5,6 An increased expression of Hsp is
dependent on several sequential events including activation
of stress-induced heat shock factor 1 (HSF1). But until now
the exact mechanism of HSP gene activation is not clear. The
activation of HSF1 is also not very clear, but signal pathways
recruited in response to heat shock lead to the activation of
certain protein kinases which in turn phosphorylate HSF1.7

Activated HSF1 binds to 5′ promoter sequences of HSP genes
and initiates transcription.8

Hsps are overexpressed in various cancers including lung
cancer and their increased expression is generally associated
with tumor cell survival, invasion, metastasis and chemo-
resistance.9 They interact with various oncogenes to drive the
progression of cancer. Furthermore, cells with increased expres-
sion of Hsps have been protected against radiation-induced cell
death.10 All these observations collectively imply the possible
dependency of cancer cells on the expression of Hsps for their
survival and proliferation even under lethal conditions.

Lung cancer is one of the most common cancers world-
wide and is estimated to be responsible for 19.4% of cancer-
related deaths.11 Lung cancer remained to be high in men as
compared to women across the globe although a different
geographical pattern has been reported. Countries with high-
est incidence of lung cancer are North America, Southern

Europe, Central Eastern and East Asia while the lowest inci-
dence was reported from West and Central Africa.12 In India,
according to international agency for research on cancer, lung
cancer accounts for 5.9% of new cancer cases and the risk of
developing cancer before the age of 75 y is 9.3%.13 In spite of
various strategies used for lung cancer patient management,
the overall survival rate remains to be <20%.14,15 Lung cancer
diagnosed in advanced stages is tougher to be treated by
surgical interventions while metastasis to lymph nodes
makes it further difficult to treat by radiation and chemother-
apy. PET, PET-CT, X-ray, MRI, transthoracic needle aspira-
tion (TTNA), CT scan, bronchoscopy and fine-needle biopsy
are the different techniques used for early diagnosis and sta-
ging of lung tumors with varying diagnostic accuracy.
Considering the increasing incidence of lung cancer world-
wide and with the availability of a significant number of FDA
approved drugs for treatment, there is a need for the devel-
opment of reliable biomarkers for diagnosis, prognosis deter-
mination and for the prediction of treatment response. Case
in point, detection of epidermal growth factor receptor
(EGFR) mutations in its kinase domain remains to be an
important test for non-small cell lung carcinoma (NSCLC)
patients to predict their response to FDA approved EGFR
targeted drugs. Nonetheless, some patients respond to the
treatment and some develop drug resistance and how the
resistance developed remains unclear, although some receptor
kinase mutations have shown to confer resistance but it is not
the case with all drug-resistant tumors.16 Therefore, it is
necessary to identify the novel potential biomarkers to predict
the response in NSCLC patients with EGFR-TKIs resistant
mutations.17 The evidence of correlation between Hsp expres-
sion profile with lung tumors by transcriptomic and proteo-
mic studies gives hope to clinicians that these molecular
chaperones can serve as potential biomarkers for better
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patient management.18 Poor prognosis associated with ele-
vated Hsp level in lung cancer patients prompts the consid-
eration of these proteins as therapeutic targets as well to
provide treatment options over/or with the existing lung
cancer treatment strategies. Here, we reviewed the status of
Hsp 27, 60, 70 and 90 and the possibility of these proteins to
be considered as biomarkers for lung cancer patient
management.

Hsp27

Hsp27 is a low molecular mass protein and is a member of
subfamily of small Hsps. Its function is regulated by phos-
phorylation, a post-translational modification; aberrant
phosphorylation of Hsp27 has been reported to be associated
with cancer progression.19 Its expression is elevated in many
cancers and was correlated with an increased risk of lung
cancer in coal mine workers.20 Overexpression of Hsp27 is
usually associated with poor prognosis; it confers chemo-
resistance in NSCLC,21 laryngeal cancers22 and lung cancer
stem-like cells.23 In support of this, several in vitro studies
have demonstrated the metastatic behavior of cells with an
increased level of Hsp2724,25 while the inhibition of Hsp27
with antisense drug OGX-427 sensitizes NSCLC tumors to
chemotherapy and EGFR targeted drug Erlotinib, a TKI.26 It
interacts with various proteins including components of
intrinsic and extrinsic apoptotic pathways such as cyto-
chrome c, pro-caspase-3, DAXX, Bax, Akt and mediates
apoptosis.27-29 Together with 14-3-3ζ proteins, which are
known to play a regulatory role in cancer initiation and
progression, Hsp27 promotes the progression of NSCLC
tumors.30 Furthermore, increased expression of Hsp27 in
tumor tissues had a correlation with their levels in serum
samples of NSCLC patients, as they had higher Hsp27 in the
serum as compared to normal control patients and this
difference was noted during an early stage of NSCLC
tumors.31 This condition was observed to be associated
with poorly differentiated cancer and advanced TNM sta-
ging. Furthermore, a single nucleotide polymorphism (SNP-
1271 G > C) in the HSP27 gene encoded by heat shock
protein beta-1 (HspB1) was found to be associated with
poor survival of U.S. patients with NSCLC tumors.32

Interestingly, this allele was reported to be linked with an
increased risk of lung cancer, but on the contrary, it was
contributed to the survival of patients with advanced NSCLC
tumors in two independent studies.33 Upon validation of this
allele in vitro, a low level of Hsp27 was recorded in cancer
tissues harboring SNP as compared to normal tissue. Thus,
screening of patient samples for an SNP in the HSPB1 gene
could be another discerning factor to predict the disease
outcome and radiation/chemotherapy-associated severity
especially in Caucasians but not in the Asian (Chinese)
population. The difference in serum Hsp27 between
a healthy and a patient population with early- and advanced-
stage NSCLC tumors; cytoplasmic staining of Hsp27 in more
than 70% of tumor tissues derived from NSCLC patients
with a histology of squamous cell carcinoma,34,35 Hsp27
qualifies as a putative biomarker to diagnose and to deter-
mine TNM staging of NSCLC tumors. As Hsp27 low

expression is associated with better prognosis in NSCLC
patients, the determination of its expression level in
NSCLC tumors may provide an effective clinical strategy to
predict the treatment response.36 A meta-analysis demon-
strates that Hsp27 expression can be a strong biomarker to
predict the poor clinicopathological and prognostic charac-
teristics as well in patients with NSCLC tumors.37

Considering the differential expression of Hsp27 in lung
tumors including NSCLC; its association with the advance-
ment of tumors and anti-cancer resistance to conventional
therapies;38 targeting this chaperone can be a potential anti-
cancer therapeutic strategy.

Hsp60

HSP60, also known as Cpn60 and HSPD1, belongs to
a family of structurally related chaperonins. In humans,
Hsp60 is encoded by the HSPD1 gene, which is located
on chromosome 8. Hsp60 is largely located in the matrix of
mitochondria and plays an extensive role in the folding of
mitochondrial proteins. It prevents the aggregation of mis-
folded or partially folded proteins and targets them to
degradation;39 also helps in translocation and assembly of
native proteins. Functional Hsp60 requires Hsp10 that
serves as a co-factor for its substrate binding and catalytic
activity.

A significant number of studies have reported Hsp60
involvement in cancer development and cellular transforma-
tion. Previously, bronchial biopsies of human subjects suffer-
ing from chronic obstructive pulmonary disease and lung
cancer have shown considerable down-regulation of Hsp60
and Hsp10. Based on these findings, it was hypothesized that
the low expression or complete loss of Hsp60 could serve as
a marker for the detection of lung cancer.40 In concurrence
with the above report, a recent study demonstrated and con-
firmed in vitro that increased proliferation of renal carcinoma
cell lines upon Hsp60 knockdown following their earlier
observation of Hsp60 downregulation in renal cell carcinoma
patients.41 On the other hand, screening of tumor tissues
derived from lung cancer patients with adenocarcinoma his-
tology; 68% of tissues were strongly stained positive for Hsp60
and their expression level was not only correlated with TNM
staging but also with the prognosis significantly.42 In another
proteomic study carried out with clinical samples collected
from lung cancer patients with adeno or squamous cell, car-
cinoma histology had shown significantly increased Hsp60
and annexin 2, respectively, as compared to their matched
normal controls. However, no difference in their levels was
noted between early- and advanced-stage tumors.43 In light of
their outcomes, authors of the above paper suggest that the
use of these two proteins as biomarkers for diagnosis and
prognosis of adeno and squamous cell carcinoma albeit no
connection was built up in their investigation between Hsp60
expression and the progression of the tumor, and their
response to existing lung cancer therapeutics. Studies men-
tioned above substantiate the significance of Hsp60 expression
in lung cancer diagnosis and prognosis to some degree, but
the expression of Hsp60 in various cancers is still ambiguous.
In some cancers, the Hsp60 level was reported to be low while
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in some high. Therefore, a large-scale screening of lung cancer
patients with different tumor histologies may authenticate its
use in diagnosis, prognosis and as a drug target.

Hsp70

Hsp70, a protein with a molecular weight of 70 kDa, belongs
to a family of highly conserved molecular chaperones that
includes two major isoforms; constitutively expressed Hsc70
and stress-inducible Hsp70. Other members of Hsp70 family
proteins show organelle and tissue-specific localization; glu-
cose-regulated protein (Grp)78 is located in the endoplasmic
reticulum and Grp75 is a resident of mitochondria.44 Hsp70 is
involved in a large variety of protein folding processes, upre-
gulated under heat stress and in response to toxic chemicals.45

These proteins also keep the cells viable under hypoxia,
altered pH, oxidative stress, DNA damage response and
many other stress conditions.46 Similar to Hsp27, function
of Hsp70 is regulated through phosphorylation. Many studies
have suggested the importance of Hsp70 phosphorylation in
regulating cellular processes such as cell proliferation, apop-
tosis, protein degradation and resistance to anticancer
drugs.47

Increased expression of Hsp70 is associated with a wide
variety of cancers and tumor cell survival. Its expression
had a correlation with the advancement of various tumors
and poor prognosis. A substantial number of studies have
reported a relatively higher risk of lung cancer with
increased expression of Hsp70 and it was found to be
high in Japanese population among male patients over
females.48 However, it is neither correlated with drug resis-
tance nor a histopathological type of NSCLC tumors.49,50

On the contrary, NSCLC patients with histology of adeno
and squamous cell carcinoma with significant gross tumor
volume had high serum Hsp70 as compared to normal
healthy controls.51 Besides the difference of Hsp70 noted
in serum samples between patients with early-stage and
advanced-stage tumors. Based on the reports in NSCLC
tumors; it was proposed that overexpression of Hsp70 can
be a marker to predict the survival benefit from platinum-
based adjuvant chemotherapy.52 More than a decade ago, it
was observed that NSCLC patients had significantly higher
serum Hsp70 antibody levels as compared to normal
healthy controls with no marked difference in anti-Hsp90
antibodies between these two groups.53 However, a recent
study had shown decreased level of circulating Hsp70 in
plasma of NSCLC patients but higher levels of CEA when
compared with healthy controls.54 This study suggests the
consideration of Hsp70 levels in NSCLC patients along with
well-established marker CEA as biomarkers for diagnosis of
early-stage lung cancers. The combination of Hsp70 with
other tumor markers might increase the specificity and
sensitivity of lung cancer diagnosis. In addition to Hsp70,
overexpression of Grp78 and Grp94 in lung tumors at RNA
and protein levels correlated with the grade and stage of
lung tumors. Poorly differentiated tumors had significantly
increased Grp78 than moderately or well-differentiated
lung tumors.55 Grp78 in association with mitochondrial
protein Bax contributes to tumor progression and

metastasis and advanced stage of NSCLC tumors had
a higher Grp78 expression when compared to early patho-
logical staging especially patients with positive lymph node
metastasis than negative lymph node metastasis.56 In some
cases, an intronic polymorphism (rs430397 G > A) in
Grp78 affects the prognosis of NSCLC patients treated
with platinum-based chemotherapy.57 NSCLC patients
with A/A genotype showed Grp78 overexpression and
poor response toward platinum-based agents, which indi-
cate a potentially important role of this polymorphism in
tumor progression and in treatment prediction. The above
reports recommend these two chaperones; Hsp70 and
Grp78 as potential biomarkers for lung cancer patient man-
agement. However, neither of these two proteins indepen-
dent of each other determines the staging and prognosis of
NSCLC patients.

In a large variety of tumor cells including NSCLC tumors,
often the plasma membrane stains positive for Hsp70 and is
released into the blood circulation in lipid vesicles. Thus, the
screening of lung tumor tissues harboring EGFR mutants for
Hsp70 expression in different cellular compartments could be
another criterion to link Hsp70 with EGFR in lung cancer.
The combination of Hsp70 with other proteins discussed here
might serve as markers for the detection of early stage of lung
cancer, but the consideration of this chaperone as a cancer
therapeutic drug target is worth investigating. A variety of
cancers show abnormally high expression of Hsp70 associated
with tumor progression, inhibition of apoptosis and autop-
hagy perhaps conferring resistance to existing lung cancer
targeted drugs and chemotherapy. Suppression of tumor size
with Hsp70 inhibition indicates the cytoprotective nature of
this chaperone. Thus, targeting Hsp70 possibly a good strat-
egy to develop anti-lung cancer therapeutics and can be con-
sidered to give in combination with existing targeted drugs or
with conventional chemotherapy for better lung cancer
patient management.

Hsp90

Hsp90 (90kD) is an evolutionarily conserved molecular cha-
perone and most common among various stress-related pro-
teins. Inducible Hsp90α and constitutive Hsp90β; two
isoforms of Hsp90 have been reported in vertebrates.
Mammalian cells express several homologues of Hsp90 viz.
glucose-regulated protein 94 (Grp94), TNF receptor-
associated protein1 (TRAP1/Hsp75) localized in the endoplas-
mic reticulum and mitochondrial matrix, respectively.58

Hsp90 in association with other chaperones maintains the
structure and the stability of multiple protein kinases, mem-
brane receptors, transcription factors including NF-kβ and
myogenic differentiation protein MyoD.59 Cancer cells gen-
erally use the chaperone machinery of Hsp90 for their survival
advantage. Therefore, Hsp90 is considered as an important
facilitator for “oncogene addiction” and for the maintenance
of malignant phenotype.60 Inducible Hsp90α in plasma was
reported to be high in lung tumor patients as compared to
normal healthy controls and the expression level was corre-
lated with the development and progression of cancer.61 The
level of plasma Hsp90α between patients with early- and
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advanced-stage lung tumors is also significantly different.62

Grp94, an Hsp90 like protein, also overexpressed in lung
tumors of stages I, II and III. However, the studies on
Grp94 in lung cancer are very limited, but in one study,
higher Grp94 expression has been reported as an independent
prognostic factor for poor survival of NSCLC patients and
similar results were demonstrated in breast cancer patients as
well.63,64

Approximately 10% of NSCLC cases harboring activating
EGFRmutations are often associated with an increased expression
of EGFR. Association of mutant EGFR with Hsp90 confers the
conformational stability to the mutant receptor,65 and impairs the
ligand-induced receptor downregulation.66 These two reports
together suggest the essential role of Hsp90 in maintaining the
mutant receptor expression. An increased expression of Hsp90B1,
another homologue of Hsp90 contributes to the poor prognosis of
NSCLC patients with adenocarcinoma histology. As Hsp90 may
not serve as a standalone biomarker to predict the treatment
outcome, other proteins that can serve as possible biomarkers in
combination with this chaperone for accuracy need to be identi-
fied. Association of increased expression of Hsp70 in lung tumor
progression and suppression of proliferation, migration and pro-
motion of apoptosis in lung tumor cells and with the inhibition of
Hsp90 demonstrates its significance as a drug target to treat lung
tumors. The role of Hsps in lung tumor cell survival is illustrated
in Figure 1.

Heat shock proteins as therapeutic targets in lung
cancer

Recent progress made in understanding the molecular
mechanism associated with lung cancer development and
progression has led to the identification of several novel
molecular targets. Of which, Hsps have been identified as
potential molecular targets for the development of anticancer
therapeutics owing to their involvement in lung tumor pro-
gression. As Hsps play a regulatory role under physiological
and pathological conditions, two approaches are in considera-
tion to target Hsps; one is to regulate the expression level and
their activity, while the second one is to develop Hsp-based
immunotherapies. Until now, no drug has been approved
clinically to regulate Hsp expression and its activity at the
molecular level. However, there are several known Hsp90
inhibitors, which are under preclinical and clinical trials to
treat various malignancies including lung cancer.67,68 The
most potent Hsp90 inhibitors are natural products; geldana-
mycin, radicicol and their semi-synthetic derivatives. These
drugs target the ATP binding site located in the N-terminal
domain of Hsp90 and inhibit its ATPase activity thus pre-
venting the binding of Hsp90 to its client proteins.69 NSCLC
tumor-associated K-Ras and EGFR mutants are known to
induce constitutively active proliferative signals and contri-
bute to tumorigenicity. As EGFR depends on Hsp90 for its

Figure 1. Heat shock proteins mediated cell survival and anti-apoptotic pathways in lung cancer. Hsp27 interacts with various apoptotic and cell survival regulators
such as cytochrome c, caspase-3, DAXX, FADD, BAX, AKT, 14-3-3ζ and inhibits apoptosis and induces cell survival. Hsp70 also deregulates several signal proteins that
are involved in the induction of apoptosis, senescence thus contributing to the tumor cell survival. Hsp90 interacts and stabilizes mutant receptors and enables them
to recruit tumor cell proliferative signal pathways.
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conformational maturation and inhibition of Hsp90 affects
EGFR activity, Hsp90 inhibitors which are under preclinical
trials reduce lung cancer by targeting overexpressed or
mutated kinases viz. EGFR, ErbB2, B-Raf and c-Met.70,71

Hsp90 inhibitor, NVP-AUY922 showed antitumor activity
in NSCLC cell lines harboring K-Ras mutations and in mouse
xenograft models. It also sensitizes MEK inhibitor, trametinib
resistant NSCLC tumors.72

As inhibition of Hsp90 leads to misfolding, ubiquitination
and proteasomal degradation of client proteins; Hsp90 inhi-
bitors and their analogues may act in a synergistic manner
with other drugs or agents such as histone deacetylase inhi-
bitors (HDACi). LBH59, known HDACi has shown to reduce
the association of Hsp90 with mutant EGFR, Akt and STAT3
due to its increased acetylation73 and subsequently downre-
gulates the survival proteins including Bcl-xL, Mcl-1, Bcl-2
followed by apoptosis in NSCLC cell lines. As phosphoryla-
tion of Hsp90 is important for its ability to chaperone its
client proteins, recent studies have suggested that targeting
kinases that phosphorylate Hsp90 may enhance the anticancer
activity of Hsp90 inhibitors in cancer cells; thus providing
a novel therapeutic approach to target various tumors.74

On the other hand, Hsp90 inhibitors do damage the cha-
perone machinery and inhibit the client proteins; c-Raf,
CDK4. But it can activate heat shock response and induces
Hsp70 expression which in turn attenuates the efficacy of
Hsp90 inhibitors.75 Isoforms of Hsp70; constitutively
expressed Hsc73 and inducible Hsp72 are overexpressed in
advanced stages of many tumors including lung cancer and
contribute to lymph node metastasis.76 However, inhibition of
these isoforms using siRNA prior to Hsp90 inhibition
increased the efficacy of Hsp90 inhibitors.77 Hence, “dual
targeting” of Hsp90 and Hsp70, using antisense oligonucleo-
tide therapies or other manipulations, offers an effective line
of treatment against lung cancer. Approaches such as Hsp70
inhibitors78 and radio-sensitizing drugs are already at precli-
nical trials.79 So far, many Hsp70 inhibitors were tested in
preclinical models, including MKT-077, PES (Pifithrin-μ),

PES-Cl, VER-155008, JG-98, Aptamer A-17, apoptozole and
others. These inhibitors have an extremely high affinity for
certain domains of Hsp70. PES and PES-Cl bind to the sub-
strate-binding domain; VER-155008 recognize ATP binding
site; MKT-077 targets the allosteric site near the ATP-binding
site and JG-98 binds to the region within the nucleotide-
binding domain of Hsp70.80 Inhibition of Hsp70 by these
molecules significantly inhibits proliferation and cell cycle
progression in NSCLC cell lines.81,82 Suppression of Hsp70
by Ibuprofen and Quercetin sensitizes lung cancer cells to
cisplatin by enhancing apoptosis at several stages of the mito-
chondrial cascade.83,84 A number of preclinical and clinical
studies have supported the inhibition of Hsp90 and Hsp70 as
a preventive approach against NSCLC treatment. Ongoing
clinical trials further define the efficacy of Hsps inhibitors in
NSCLC and are listed in Table 1. The given information in the
Table 1 was retrieved from clinicaltrials.gov.

Besides being localized intracellularly, Hsps are also reported
to be expressed on transformed cell membrane, and in extra-
cellular space. Hsps located in extracellular space execute immu-
nological events through modulating antigenic peptides and
generate an immune response against tumor escape, its growth
and metastasis.85,86 In addition, ever-increasing studies have
established the involvement of a variety of receptors including
toll-like receptors-2/4 (TLRs-2/4), lectin-like oxidized low-
density lipoprotein receptor-1 (LOX-1), fascicle in EGF-like,
laminin-type EGF-like and link domain-containing scavenger
receptor-1 (FEEL-1) (FEEL-1) and several others in the uptake
of Hsps and Hsp-processed exogenous peptides into antigen-
presenting cells (APCs).87 Furthermore, Hsps have been found
to stimulate the immunological activity of natural killer (NK)
cells in combination with proinflammatory cytokines killing
tumor cells.88 All the above studies support the importance of
Hsp-based anti-cancer immunotherapeutics.

In another approach, the antitumor effect on mouse mela-
noma was generated by combining recombinant Hsps and
hyperthermia using magnetite cationic liposomes (MCLs).89

Similarly, recombinant Hsp70 combined with magnetic nano-

Table 1. Ongoing and completed clinical trials with Hsp inhibitors in lung cancer patients

Inhibitor
clinicaltrials.gov

number Treatment Phase Patients group

Hsp90
AUY922 NCT01259089

NCT01784640
NCT02276027

AUY922 monotherapy
AUY922+erlotinib
AUY922monotherapy

PhaseI/II
Phase1
Phase II

Stage IIIB-IV NSCLC patients
Previously treated stage IV NSCLC patients
Chinese patients with advanced NSCLC

Ganetespib
(STA-9090)

NCT01579994
NCT01590160

Ganetespib + crizotinib
Ganetespib +platinum

Phase I
Phase I/II

Patients with ALK positive lung cancer
Patients with malignant pleural mesothelioma
(MESO-02)

Onalespib NCT02535338 Onalespib +erlotinib Phase I/II Patients with recurrent or metastatic EGFR-
NSCLC

Hsp70
Targeted NK cell based adoptive

immunotherapy
NCT02118415 Hsp70 NK cell based adoptive

immunotherapy
Phase II Patients with NSCLC after radio-chemotherapy

Hsp27
Apatorsen

(OGX-427)
NCT02423590 gemcitabine/carboplatin + Apatorsen vs.

gemcitabine/carboplatin
Phase II Patients with previously untreated advanced

squamous cell lung cancer
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carriers like superparamagnetic iron oxide nanoparticles
(SPIONs) were reported to be effective for the delivery of
immunogenic peptide from tumor cell lysates to dendritic cells
which was evident by activation of immunological response in
experimental glioma models.90 Furthermore, an intra-tumoral
vaccination with recombinant Hsp70 from oncolytic type-2
adenovirus inhibited tumor growth; metastasis and Hsp70
mediated immune responses.91 Recombinant Hsp70 with E7
protein from HPV or oncoprotein HER-2/neu induced antitu-
mor immune responses.92-94 Similarly, a therapeutic vaccine
consisting of tumor cell membrane Hsp70 and hydroxyapatite
ceramic particles demonstrated positive response and tolerabil-
ity in certain cancer patients.95 Several ongoing studies had
reported promising results on immunization of cancer patients
with autologous Hsp-based antitumor vaccine complexes. In
a recent study, the efficacy of the Heat shock protein peptide
complex–96 vaccine is determined in phase I and II clinical
trials in patients with recurrent glioblastoma.96

Tumor/dendritic cell fusion technology also represents an
alternative approach in the preparation of Hsp-based vaccines
which has been shown to be effective against individual tumor
cell-like cancer stem cells (CSCs).97 Recently, DC-CSC fusion
vaccine-induced T cells have been shown to be killing selectively
CSCs and radiation-resistant population of CSCs in ovarian
cancer.98 Furthermore, an in vivo study with mice having preex-
isting lung metastasis reported survival effects of Hsp70-peptide
complexes (Hsp70.PC-F) extracted from fusions of DCs and
radiation-enriched tumor cells. Activation of T-cell-mediated
immune response followed by inhibition of primary tumor
growth and tumor cells metastasizing to lungs were concurrent
findings of this study.99 A phase I clinical trial with HSP70
mRNA-transfected dendritic cell therapy for treating HCC has
confirmed its safety and efficacy.100 Thus, tumor-directed therapy
based on the use of Hsps in combination with chemo or radio-
therapy and/or hyperthermia may provide an effective treatment
regimen against many cancers including lung cancer.

Conclusion

Increasing evidence based on in vitro and in vivo studies
signifies the role of Hsps in the progression and migration
of various tumors. Altered expression of these chaperones can
be a danger signal of cancer. As Hsps do express under
conditions other than cancers; it is hard to determine the
staging of tumors based on their level of expression alone.
Nonetheless, they can still be used as reliable biomarkers in
combination with other established tumor-specific makers for
accurate diagnostic and prognostic yield; also, to help define
the optimal therapeutic strategy. Regardless of the fact that
more studies are needed to establish the authenticity of mole-
cular chaperone expression as diagnostic or prognostic mar-
kers or as drug targets in lung cancer patient management,
there is a hope that these proteins can serve as potential
biomarkers and anti-lung cancer drug targets.
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