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Abstract

Heat shock protein (HSP) is a kind of protein that mainly acts as a molecular
chaperone to participate in the synthesis and folding of proteins, maintain the
spatial conformation of proteins and protect cells from damage and other
important biological functions. HSP90 plays an important role in maintaining
molecular chaperone structure, regulating cell cycle and apoptosis, coordi-
nating hormone signal transduction and promoting wound healing. And
HSP90 also plays an important role in the occurrence and progression of tu-
mors. In recent years, HSP90 inhibitors have made some achievements in
molecular targeted therapy for malignant tumors, but further research is
needed in clinical application. In this paper, the research status of the rela-
tionship between hepatocellular carcinoma targeted by heat shock protein 90
was reviewed.
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1. Introduction

Heat shock protein (HSP), also known as stress protein, is a kind of protein that
is synthesized and expressed rapidly after the body is stimulated by external fac-
tors (high temperature, hypoxia, cytokine release, etc.) [1]. Heat shock protein
(HSP) was first discovered in 1962 by Italian geneticist Ferruccio Ritossa [2]
while studying the salivary gland chromosomes of Drosophila larvae. When the
ambient temperature increases, the salivary glands of fruit flies bulge, which is
called heat shock response (Heat Shock Response, HSR). Heat shock protein

(HSP) is a large family of heat stress proteins that exist widely in bacteria, ani-
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mals and human beings. /n vivo, it can mainly play the functions of “molecular
chaperone”, such as protein folding, transport, transmembrane, conformation
stabilization, cell signal transduction, damage protection and so on [3]. Accord-
ing to the relative molecular weight, it can be divided into HSP27, HSP60,
HSP40, HSP70, HSP90, HSP110 and so on. Heat shock protein 90 (heat shock
protein 90, HSP90) is an important molecular chaperone to maintain the struc-
tural stability and function of many kinds of carcinogenic proteins in cells. It is
highly expressed in hepatocellular carcinoma, and its substrate protein is a key
signal molecule in biological behaviors such as growth and metastasis of hepa-
tocellular carcinoma. HSP90 is closely related to the biological behavior of liver
cancer, and it plays an important role in the occurrence, development, metasta-
sis and prognosis of liver cancer [4]. This article reviews the mechanism and ex-
pression significance of HSP90 in the occurrence and development of hepato-
cellular carcinoma, as well as the research of HSP90 inhibitors in hepatocellular

carcinoma.

2. Structure and Function of HSP90

The HSP90 family is a class of ATP-dependent molecular chaperones with a
molecular weight of about 90 kDa. HSP90 exists in cells in the form of dimer,
and the dimerization of HSP90 is necessary for its intracellular function. Its basic
structure consists of three parts: an N-terminal domain (N-domain) that binds
to ATP, an intermediate domain (M-domain) that connects the client protein,
and a C-terminal domain (C-domain) that connects dimmers [5]. In addition,
the HSP90, of eukaryotic cells has a charged region between the N-domain and
the M-domain. The N-domain of HSP90 has a mold sequence structure of Ber-
gerat folding, and the binding site region of ATP/ADP is a double-layer a/f
sandwich structure. There are protein kinase B (PKB/Akt) binding sites in the
M-domain of HSP90 and the main interaction sites between client proteins.
They can also interact with auxiliary molecular chaperones and participate in the
hydrolysis of ATP. The main function of M-domain is to bind to substrate pep-
tides such as client proteins or other co-acting molecular chaperones, and its
function may be different in the activation process of different types of customer
proteins. The C-domain is a necessary region for HSP90 to form a dimer, which
contains a highly conserved MEEVD amino acid sequence, which constitutes the
core site for the binding of HSP90 to its chaperone tetratricopeptide repeat
(TPR). The opening of the C-domain of eukaryotic HSP90 is closely related to
the closure of the N-domain. The C terminal domain also contains a binding site
between HSP90 and ATP, but the function of this site is not clear [6] [7].

HSP90 subtypes include cytoplasmic isoforms, HSP90al/a2 and HSP90p, glu-
cose regulated protein 94 (GRP 94) in endoplasmic reticulum and tumor necro-
sis factor receptor associated protein 1 (TRAP1) in mitochondria [8]. Human
HSP90 is divided into two groups according to whether it contains rich gluta-
mine fragments: HSP90a and HSP90S, which are composed of 730 and 724

DOI: 10.4236/ijcm.2020.112005

a4 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2020.112005

Q. Y. Jiang, X. S. Shen

amino acids respectively, and their homology is 84%. HSP90 exists mainly as a-a
and f-f homodimers, each homodimer consists of two monomers, and each
monomer includes the above three domains. In the non-stress state, the expres-
sion of HSP90 accounts for about 1%/2% of the total protein in the cell, which is
thousands of times the average protein content; under the stress condition, the
content of HSP90 can be increased to 4%/6% of the total protein in the cell [9].
The expression of HSP90a increases after heat induction, which is not necessary
in mammals and is related to the maintenance of cell homeostasis under pres-
sure, while HSP90S is sustainable and must exist in mammals, which is related
to the life activities of mammals. These proteins are highly homologous in se-
quence, structure and regulation, and are collectively referred to as HSP90 in
this review. As an important molecular chaperone, HSP90 can activate different
substrate proteins and then participate in the regulation of a variety of life activi-
ties [10].

The main functions of heat shock protein 90 are: 1) molecular chaperone,
HSP90 as molecular chaperone, which requires the binding and hydrolysis of
ATP, different binding states with ATP/ADP can stabilize the activity of HSP90
substrate protein, promote the ubiquitination of substrate protein and degrade
through proteasome pathway, 2) cell cycle regulation, HSP90 can regulate cell
division from both positive and negative sides, promote cell division or inhibit
cell division, 3) regulation of apoptosis, HSP90 can inhibit the formation of
apoptotic bodies, regulate apoptosis, 4) coordinate hormone signal transduction,
combine HSP90 with free steroid receptors (estrogen, progesterone, glucocorti-
coid, etc.) to maintain hormone stability and inactivity, 5) promote chronic re-

fractory wound healing.

3. Expression of HSP90 in Tumor

HSP90 is highly expressed in a variety of tumors, which is closely related to the
development and prognosis of tumors. It can interfere with tumor proliferation
and metastasis by inhibiting HSP90, so it is a great potential antineoplastic drug
at present.

HSP90 is highly expressed in breast cancer, which is related to the recurrence
and lymph node metastasis of breast cancer. Studies have shown that the high
expression of heat shock protein 90 is an independent prognostic factor for
breast cancer and is significantly related to the survival time of breast cancer pa-
tients [11] [12] [13].

Anti-HSP90 studies have shown that it destroys EGFR-related signaling
pathways, down-regulates the activity of HSP90, inhibits tumor cell prolifera-
tion, invasion and metastasis, and induces apoptosis of lung cancer cells [14].
HSP90 is highly expressed in lung cancer and promotes the proliferation and
metastasis of lung cancer cells. In addition, the high expression of HSP90 in pa-
tients with Non small cell lung cancer (NSCLC) is related to shorter overall sur-

vival, suggesting that it can be used to predict survival, and the high expression
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of HSP90 can be regarded as an independent prognostic factor of lung cancer
[15] [16]. At present, there are a large number of reports about HSP90 inhibitors
against lung cancer, but studies have shown that not all lung cancers respond to
HSP90 inhibitors [17] [18]. The related mechanism of HSP90 regulating lung
cancer at the molecular level still needs to be further explored.

It has been found that thyroid carcinoma (TC) is a tumor with high expres-
sion of HSP90. HSP90 is closely related to the occurrence, development and
lymph node metastasis of TC [19]. The detection of the expression of HSP90 in
TC is helpful to the diagnosis and prognosis of TC, and even can be used as a
valuable reference index for differential diagnosis of benign and malignant thy-
roid lesions and evaluating the prognosis of TC. WHITE et al [20] through the
study of new HSP90 inhibitors, it was found that HSP90 inhibitors inhibit the
invasion and metastasis of TC and its cancer stem cell (CSCs). When observing
the efficacy of HSP90 inhibitor ganetespib in the treatment of thyroid cancer,
Taiwan scholars found that the inhibitor effectively inhibited the proliferation of
cancer cells [21].

It was found that berberine (BBR) combined with the second generation
HSP90 inhibitor NVP-AUY922 produced a synergistic anti-proliferation effect
on colorectal cancer cells sensitive to and insensitive to NVP-AUY922. Dual in-
hibition of HSP90 may enhance the efficacy of HSP90 inhibitors and overcome
the drug resistance of cancer cells. HSP90-ERK-VEGF signaling pathway plays
an important role in vascular endothelial cell migration and tubular formation
induced by colorectal cancer.

HSP90 is highly [22] expressed in gastric cancer and participates in tumor cell
proliferation, differentiation, metastasis and drug resistance. From gastritis to
gastric cancer, the expression of HSP90 showed an increasing trend. In gastric
cancer, HSP90 is mainly expressed in cytoplasm and a small amount in stromal
cells. It is necessary to find the chaperone activity of HSP90 in the progression
and invasion of gastric cancer. The high expression of HSP90 in gastric cancer
provides an important basis for developing it as a diagnostic marker, therapeutic
target and prognostic index [23].

Previous studies have shown that heat shock protein is highly expressed in
pancreatic cancer and is closely related to the occurrence, development and me-
tastasis of pancreatic cancer, but it is not a meaningful prognostic indicator of
pancreatic cancer. Other studies have shown that HSP90 inhibitors combined
with 2,2-difluorodeoxycytidine inhibit the normal growth of pancreatic cancer
and completely inhibit tumor liver metastasis. Other studies have shown that
HSP90 immunization can play an effective anti-tumor effect. And it can enhance
the anti-tumor immunity of the body by stimulating the proliferation of T lym-
phocytes.

4. The Relationship between HSP90 and Hepatocellular
Carcinoma

Hepatocellular carcinoma (HCC) is a common tumor of the digestive system,
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which has a high degree of malignancy and poor prognosis. At present, studies
have shown that HCC is a tumor with high expression of HSP90a. The increase
of intracellular HSP90 expression is related to the occurrence and development
of HCC, and may be an important sign of the development and deterioration of
HCC. Using the molecular chaperone function of HSP, inhibiting the high ex-
pression of HSP, in HCC by DNA recombinant technique can improve the sen-
sitivity of HCC to radiotherapy and chemotherapy, down-regulate the stability
of oncoproteins related to the malignant proliferation of HCC, and then inhibit
the proliferation of tumor cells, which is of great significance for the effective
prevention and treatment of HCC.

There is a certain correlation between HSP90a and the biological characteris-
tics of patients with liver cancer. Some studies [24] [25] have shown that the
early recurrence and metastasis of patients with liver cancer after treatment are
mostly related to the size of tumor focus, satellite focus, vascular tumor throm-
bus, microvascular invasion, degree of differentiation and pathological classifi-
cation. It shows that there is a certain relationship between HSP90 a and the
prognosis of patients. Studies have shown that [26], the prognosis of patients
with HSP90a negative HCC is significantly better than that of patients with posi-
tive HCC (P < 0.05). Li Hui et al [27] have shown that HSP90a is related to the
metastatic potential of HBV-related HCC, and is expected to be one of the
markers for HCC invasion and metastasis, prognosis evaluation and differentia-
tion between HBV-related liver diseases and healthy people.

FU et al. [28] detected the plasma HSP90a protein level in 1652 cases of liver
cancer and its control group by ELISA and found that plasma HSP90a could dis-
tinguish liver cancer from non-liver cancer patients (sensitivity 92.7%, specificity
91.3%), plasma HSP90 was more sensitive to distinguish hepatocellular carci-
noma than alpha-fetoprotein (93.3%), and HSP90a could significantly distin-
guish between AFP negative and AFP localized liver cancer. The plasma HSP90
of patients with liver cancer in surgery and interventional therapy group was
higher than that in liver cancer group before treatment. This study shows that
HSP90a can be used as a marker for the diagnosis of liver cancer and can also be
used to evaluate the therapeutic effect of patients with liver cancer. In 2016, the
State Food and Drug Administration approved plasma HSP90a as a marker for
liver cancer, and the kit has been approved for clinical use.

HSP90 targeted cancer therapy begins with the natural inhibitor geldanamy-
cin (GM), which comes from Streptomyces hygroscopicus, showing its an-
ti-proliferation effect by binding to the ATP binding site of HSP90 [29] [30].
However, because of its unstable structure and hepatotoxicity, it cannot be used
further [31]. Another important natural inhibitor of HSP90 is free radical (RD),
which comes from Bornauden monosporium. It inhibits tumor growth in vitro
by attacking the core ATP binding pocket of HSP90, but has been proved to be
ineffective in vivo because of its unstable structure [32]. To overcome these ini-

tial problems, genetically modified analogues have been developed. Two impor-
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tant transgenic derivatives are 17-AAG (also known as tanespimycin or
17-allylamino-17-demethoxygeldanamycin) and 17-DMAG (also known as al-
vespimycin or 17-dimethylaminoethylamino-17-demethoxygeldanamycin). The
first HSP90 inhibitor evaluated in clinical trials was 17-AAG in 1999 [33]. How-
ever, it cannot be used further because of its poor solubility and bioavailability.
17-DMAG shows strong anti-tumor activity and good water solubility, which
makes it participate in various phase I clinical trials; however, dose-limiting side
effects still exist [34] [35].

Finally, the most advanced and effective HSP90 inhibitors were developed as
the second generation derivatives of RD. The first in this category is
NVP-AUY922 (also known as luminespib or VER-2296), which shows strong
preclinical and clinical efficacy [36] [37]. By far, the most promising
second-generation synthetic HSP90 inhibitor based on resorcinol is ganetespib
(STA-9090), which binds to the N-terminal ATP binding pocket of HSP90 and
destroys the chaperone cycle. The strong anti-tumor activity of this HSP90 inhi-
bitor has been transformed from preclinical success to several clinical studies
(38].

AUY922, an inhibitor of heat shock protein 90, blocked the growth of hepa-
toma cells in vitro and induced apoptosis of hepatoma cells through caspase ac-
tivation and p-catenin fragmentation. AUY922 also reduces tumor growth in
vivo, indicating that HSP90 has become a promising therapeutic target for HCC.
AUY922 inhibits the viability and proliferation of hepatocellular carcinoma cells,
but has no effect on normal hepatocytes, and inhibits the activity of HSP90.
AUY922 induces apoptosis of hepatocellular carcinoma cells by activating cas-
pases, f-catenin fragmentation and inhibiting S-catenin-mediated transcription-
al activity [39].

5. Outlook

HSP90 is closely related to the biological behavior of liver cancer, and it plays an
important role in the occurrence, development, metastasis and prognosis of liver
cancer. The increased expression of HSP90 in hepatocellular carcinoma provides
an important basis for the development of diagnostic markers, therapeutic tar-
gets and prognostic indicators. Extensive research has been carried out on the
development of specific HSP90 inhibitors. Many tumor-related signal pathways
are blocked by HSP90 inhibitors, which are expected to become potential thera-
peutic targets to inhibit tumor progression. New HSP90 inhibitors have a
stronger inhibitory effect on the growth of liver cancer cells, providing a new
way for the treatment of liver cancer. Understanding the function of HSP90 and
its molecular mechanism in liver cancer is very important for improving the di-
agnostic accuracy of liver cancer and developing more effective chemotherapeu-
tic drugs. However, the research and clinical application of HSP90 inhibitors in
anti-tumor research and clinical application need to be further developed in the

future.
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Abbreviation Note List

HCC: Hepatocarcinoma

HSP: Heat shock protein

HSR: Heat shock response
N-domain: N-terminal domain
M-domain: Intermediate domain
C-domain: C-terminal domain
PKB/Akt: Protein kinaseB

TPR: Tetratricopeptide repeat
Grp94: Glucose regulated protein 94
TRAP1: Tumor necrosis factor receptor associated protein 1
TC: Thyroid Cancer

NSCLC: Non small cell lung cancer
CSC: Cancer stem cell

BBR: Berberine

GM: Geldanamycin

RD: Radicicol

17-AAG: Tanespimycin

17-DMAG: Alvespimycin
NVP-AUY922: Luminespib
STA-9090: Ganetespib
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