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Abstract
Heat shock proteins are highly conserved proteins, expressed at low levels under normal conditions. Heat shock proteins significantly
induced in response to cellular stresses and lead to heat shock response, which could help cancer cells to adapt to stress conditions. As molecular
chaperones, Heat shock proteins play critical roles in protein homeostasis, apoptosis, invasion and cellular signaling transduction. A heat shock
protein over expression is widely reported in many human cancers due to constant stress condition in tumor microenvironment. Heat shock
proteins often associated with poor prognosis in many types of human cancers. Up regulation of Heat shock proteins may serve as diagnostic
and prognostic markers in hepatocellular carcinoma. Targeting Heat shock proteins with specific inhibitor alone or in combination with
chemotherapy regimens holds promise for the improvement of outcomes for hepatocellular carcinoma patients. In addition, our study suggests
progression and challenges in targeting these Heat shock proteins as novel therapeutic strategies in hepatocellular carcinoma.
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Introduction
Heat shock proteins (HSPs) are ubiquitous proteins found in
the cells of all studied organisms, which are expressed at low levels
under normal conditions. Many types of stress, including heat,
induce expression of a family of genes known as the heat shock
protein genes. Heat shock proteins originally were discovered
when it was observed that heat shock produced chromosomal puffs
in the salivary glands of fruit flies (Drosophilia) [1-2]. The DNA

sequence that makes up this family of genes is highly conserved
across species. This family of genes originally was named because
of their expression after exposure to heat. However, the genes are
now known to be induced by a wide variety of environmental or
metabolic stresses that include the following: anoxia (hypoxia),
ischemia, heavy metal ions, ethanol, nicotine, surgical stress, viral
agents, genotoxic agents, nutrient starvation and overexpression
of oncoproteins [3].

Figure 1: Heat shock proteins (HSPs) role in proteostasis. Both HSP70 and HSP90 are able to orchestrate and facilitate, with the assistance
of other molecular pathways, the folding and degradation of unfolded/misfolded proteins within the cell.
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Thus, the term “heat shock protein” is a misnomer because
many agents other than heat induce the expression of the heat
shock protein gene. Consequently, “stress protein” is the preferred
term. Stress proteins are critically important because they appear
to be necessary in the critical step of three-dimensional folding of
some newly formed proteins within the cell. In fact, they ensure
that newly formed polypeptides proceed correctly through folding
and unfolding to eventually achieve a functional shape (Figure 1).
Stress proteins also assist in the repair of denatured proteins or
promote their degradation after stress or injury. They have been
referred to as “molecular chaperones” because of this function
[1,4].

Upregulation of HSPs is a critical part of heat shock response,
which could help cells to cope with the stress condition. Many
members of HSPs perform their functions as molecular chaperons
by stabilizing proteins to ensure their correct folding, inhibiting
stress-induced protein aggregation or regulating cellular
signalling and transcriptional networks. The increased expression
of HSPs under stress condition is often transcriptionally regulated
by heat shock factor 1 (HSF1). In response to stress conditions,
HSF1 is phosphorylated and forms homotrimers, then binds
to heat shock elements (HSEs) located upstream of HSPs genes
and activates the transcription of heat shock genes [5-6]. Stress
proteins belong to a multigene family and often named according
to their molecular weight from 8 to 150kd. In this review, we
will discuss three major members of the HSP family, which are
closely related to human malignancies, namely HSP27, HSP70 and
HSP90. It is thought that stress proteins are produced in response
to nonlethal stress to protect organisms from subsequent severe
stress that would otherwise be lethal. In the case of exposure to
heat, this phenomenon has been called “thermotolerance” and
has launched many experiments in which an association has
been found between the heat shock response and protection
against other stresses, such as hypoxia or ischemia. The addition
of one type of stress may provide protection against other types
of insults, which results in cross-tolerance. As examples, stress
protein induction by hyperthermia may provide protection during
a subsequent arterial injury or exposure to a heavy metal may
provide subsequent protection against heat or ischemic injury.
This thermotolerance treatment strategy has proved successful
in experimental models of cardiac ischemia, arterial injury,
endotoxic shock, renal and hepatic ischemia, ethanol-induced
gastric ulcerations, and skeletal muscle ischemia-reperfusion
[7]. HSP27 overexpression is reported in a wide range of human
cancers. Report shows that HSP27 performs crucial roles in cell
cycle modulation, apoptosis inhibition, cytoskeleton organization,
regulation of translation initiation, DNA repair, RNA splicing and
degradation of oxidized proteins via the ubiquitin-proteasome
pathway.
Stress proteins play a critical role in the maintenance of normal
cellular homeostasis. These proteins almost certainly have a
pivotal role in cell cycle progression and cell death (apoptosis) and
are involved in many disease processes, including cardiovascular
disease. Currently, the manipulation of stress proteins remains
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cumbersome because hyperthermia and pharmacologic
manipulations are relatively nonspecific. Eventually, as we gain
more insight into the exact role and function of these fascinating
molecules, the clinical manipulation of the stress proteins will
almost certainly prove beneficial [8]. Liver cancer is one of the
most frequent malignancies worldwide [9]. An estimated 782,500
new liver cancer cases and 745,500 deaths occurred worldwide
during 2012 [10]. About half of the new cases and related deaths
of liver cancer occurred in China. Hepatocellular carcinoma
(HCC) accounts for more than 80% of primary liver cancers.
Although treatment techniques for HCC have experienced great
progress, prognosis is still poor for HCC patients. Only 30–40%
of HCC patients are suitable for curative treatment at the time of
diagnosis. Long-term survival following radical surgical resection
remains unsatisfactory because of high rates of recurrence and
metastasis [11]. A better understanding of molecular mechanisms
involved in tumorigenesis and metastasis of HCC will provide
novel and potential therapeutic implications in HCC treatment.
HSPs have become attractive therapeutic targets in HCC. Novel
therapeutic strategies that target HSPs alone or combined with
other anticancer agents are widely investigated [12].

Conclusion and Future Directions

As stress induction of HSPs plays a crucial role in tumorigenesis,
metastasis and therapeutic resistance, the clinical efficacies
of HSPs as biomarkers for the diagnosis and prognosis of HCC
patients warrant further testing in clinical settings. Targeting HSPs
with their specific inhibitors holds attractive therapeutic promise
for the improvement of outcomes for HCC patients. Despite
promising preclinical data, there are still some challenges to target
HSPs in HCC. First, little is known about the therapeutic responses
of HSPs inhibitors in HCC patients. Therefore, more clinical trials
about the antitumor activity of HSPs inhibitors in HCC patients
are urgently required. Second, the future of HSPs inhibitors in the
treatment of cancer individuals may lie in combining them with
cytotoxic chemotherapy or other targeted therapies. Although
some preliminary studies have shown enhanced efficacy of HSPs
inhibition combined with targeted drugs such as rapamycin and
sorafenib, the best strategy for combination treatment still needs
to be validated in further studies. Third, we can focus our attention
on HSPs inhibitors directly. Intrinsic or acquired resistance often
limits the efficiencies of HSPs inhibitors CRISPR/Cas9- or shRNAbased loss-of-function genetic screens can help us to identify
mechanisms of the resistance and find potential combined drug
targets whose inactivation is effective to improve efficiencies
of HSPs inhibitors.123–125 Fourth, HSPs constitute 1–2% of
total proteins in most celltypes.126 HSPs are essential for both
cancer and normal cells, and play important roles in a wide range
of cellular processes such as maintaining protein homeostasis,
intracellular trafficking, signal transduction and regulating
innate immune responses. HSPs targeting may have unacceptable
deleterious effects on non-malignant cells and normal organs in
clinical trials. As a consequence, novel HSPs inhibitors with high
selectivity and potency for tumor cells are eagerly to be developed.
Finally, molecular mechanisms of HSPs in cytoprotective effects
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and tumor metastasis are still not fully understood. Answers to
key issues of these basic mechanisms will significantly accelerate
the applications of HSPs inhibitors in HCC treatment.
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