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Heat shock proteins (HSPs) are chaper-
ones with highly conservative primary 
structure, necessary in the processes 
of protein folding to the most ener-
getically advantageous conformation 
and maintaining their stability. HSPs 
perform a number of important func-
tions in various cellular processes and 
are capable of modulating pathophys-
iological conditions at the cellular and 
systemic levels. An example is the high 
level of HSP expression in neoplastic 
tissues, which disrupts the apoptosis 
of transformed cells and promotes the 
processes of proliferation, invasion, 
and metastasis. In addition, an increas-
ing amount of information is appear-
ing about the participation of HSPs in 
the formation of multidrug resistance. 
This paper provides a  review of the 
current state of research on the fun-
damental importance as well as the di-
agnostic and prognostic role of various 
classes of HSP in cancer treatment. It 
presents the prospects for using HSPs 
as biological markers of disease pro-
gression and targets in various cancer 
treatment strategies. However, the 
need for additional research is quite 
high. Only numerous joint efforts of 
research groups will allow the effective 
use of HSPs as a tool to combat cancer.
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Introduction

Heat shock proteins (HSPs) are an evolutionary old family of proteins with 
highly conservative primary structure (invariable regardless of organism). 
Their characteristic feature is the ability to interact with a large number of oth-
er proteins, which clearly distinguishes HSPs from most cellular proteins that 
usually interact with one or more molecular counterparts. HSPs take part in 
various cellular processes, such as protein folding into the most energetical-
ly advantageous conformation, transporting proteins through membranes, 
protecting and controlling their structure, processing antigens, or binding 
peptides to molecules of major histocompatibility complex class I  [1, 2]. 
The main task of HSPs is to protect the cell by suppressing the effects of 
various stress factors, and therefore they are sometimes called chaperones. 
In a  properly developing cell, HSPs constitute approx. 5–10% of the total 
amount of proteins. The transcription of HSP encoding genes and the in-
crease in expression of these proteins is triggered by various environmental 
stress factors (e.g. high temperature, metabolic poisons, ionizing radiation) 
and in the course of pathophysiological processes in the body (viral and bac-
terial infections, as well as cancer). Because apoptosis and HSP expression 
are induced by the same factors, researchers have sought a correlation be-
tween these 2 processes. An extremely important role of HSPs is the ability 
to model the early stages of apoptosis, i.e. programmed cell death; therefore, 
in the last few decades these proteins have become the subject of exten-
sive research as to their role in cancer. It has been demonstrated that ex-
cessive amounts of HSP are synthesized in tumour tissues, participating in 
the control processes of cell proliferation, differentiation, and programmed 
death, as well as contributing to the process of angiogenesis [3, 4]. Overex-
pression of these proteins can be observed in a number of neoplasms, such 
as prostate, bladder, breast, ovary, cervical, colon, lung, oesophageal, and 
kidney cancer [5]. All HSPs are divided into families according to the gener-
ally accepted classification depending on their molecular weight expressed 
in kilodaltons (kDa). Three HSP families play a significant role in neoplastic 
processes. They are HSP90, HSP70, and HSP27 with molecular weights of 90, 
70, and 10–30 KDa (small HSP), respectively.

It has been demonstrated that the expression of HSP27 is a  negative 
prognostic factor in gastric, prostate, and liver cancer, while HSP70 – in blad-
der, breast, and cervical cancer [6]. HSP90 expression is weakly correlated 
with breast cancer and is a favourable prognostic factor in endometrial can-
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cer. A  marked increase in HSP expression has also been 
observed under the influence of cytotoxic drugs. This con-
tributes to the survival of neoplastic cells, thus reducing 
the chances of obtaining response to the applied antican-
cer treatment [7].

This review highlights the diagnostic and prognostic 
importance of different classes of heat-shock proteins in 
oncology. The current state of research on the therapeutic 
potential of HSPs in cancer treatment is also presented.

The features of the biological activity of HSPs  
in neoplastic cells

It has been shown that the structure and properties 
of HSPs in neoplastic cells remain unchanged compared 
to normal cells, but neoplastic transformation increases 
the level of all HSP isoforms and stimulates the expres-
sion of their inducible variants [8]. Increased proliferation 
regarding the neoplastic cells causes relative neoplastic 
hypoxia, becoming one of the main stressors activating 
HSP synthesis [9]. HSPs play an important yet ambigu-
ous role in the regulation of apoptosis: HSP10 and HSP60 
are pro-apoptotic, while HSP27, HSP70, and HSP90 are 
anti-apoptotic [2]. Anti-apoptotic proteins prevail in neo-
plastic cells, and their expression differs depending on the 
type of cancer; for example, in breast cancer the content of 
HSP70 increases, and in prostate cancer there is a higher 
content of HSP90 [10–12].

Apoptosis

The process of apoptosis can follow diverse molecular 
pathways. The 2 main apoptotic pathways described in lit-
erature are as follows:

–– intrinsic – referred to as the mitochondrial pathway due 
to the main role of this organelle in inducing apoptosis,

–– extrinsic – dependent on membrane receptors, which 
can be affected by external damaging factors.

–– Alternative apoptotic pathways are also described in lit-
erature:

–– pseudoreceptor – induced by granular immune cells (T cells, 
natural killer cells),

–– reticular – triggered by the release of caspases from the 
endoplasmic reticulum due to an increase in the concen-
tration of calcium ions or the accumulation of abnormal 
proteins in the cell.
These pathways may intersect or merge into one 

common pathway that ends in the activation of effector 
caspases. A number of studies regarding the influence of 
HSP on the process of apoptosis shed light on its mech-
anisms and demonstrate that individual chaperones can 
interact with the apoptotic pathway on several levels [10]. 
HSPs can modulate apoptosis by temporarily inhibiting 
the expression of genes encoding the proteins that play 
an executive role in the process of apoptosis or by attenu-
ating the death signal [13, 14].

The role of HSP27 in apoptosis

Studying HSP27 expression in healthy and neoplastic tis-
sues revealed its close association with various neoplasms. 
This protein has the ability to inhibit apoptosis by inter-

fering with various apoptotic pathways. It has been found 
that the phosphorylated form of HSP27 can translocate to 
the nucleus and interact with Daxx (an adaptive protein 
of the receptor apoptosis activation pathway), preventing 
its release into the cytoplasm and activation of the death 
receptor (Fas) [15]. Moreover, the binding of HSP27 to cy-
tochrome C disrupts apoptosome formation and disturbs 
the activation of caspase-9 and caspase-3. The HSP27 
chaperone can interact directly with procaspase-3, which, 
in turn, prevents it from being cleaved by caspase-9, and 
consequently inhibits apoptosis [16].

HSP27 overexpression has been observed in phenotyp-
ically angiogenic breast cancer models both in vivo and  
in vitro. The inhibitory regulation of HSP27 expression 
causes prolonged remission and decreased expression 
of angiogenic factors vascular endothelial growth factor 
(VEGF-A, VEGF-C, and bFGF) [17]. It was also shown that 
low HSP27 expression correlated with a  less aggressive 
phenotype, while overexpression modulated nemo-like 
kinase (NLK), which involved in breast cancer apoptosis [18]. 
In normal cells, NLK is mainly found in the cytoplasm, while 
in cancer cells it occurs in the nucleus. Inhibition of HSP27 
synthesis in breast cancer cells displaced NLK into the cy-
toplasm, which eventually led to cancer cell apoptosis. This 
study demonstrates a strong relationship between NLK and 
HSP27 in the process of apoptosis.

The role of HSP70 in apoptosis

The anti-apoptotic function of the HSP70 family is well 
understood. These proteins can act at many different stag-
es of the signalling pathways. In vitro studies (U937 and 
Wehi-s lines) showed that KN apoptosis is directly depen-
dent on the level of HSP70 synthesis. It has been observed 
that high expression of HSP70 prevents cell apoptosis 
induced by actinomycin D, camptothecin, and etoposide. 
The blocking of apoptosis is accomplished by high-molec-
ular-weight HSPs (including HSP70) binding to caspases, 
which interferes with the activation of the latter. The neo-
plastic tissue accumulates a pool of cells with latent mu-
tations, which promotes further tumour development [19].

HSP70 can block apoptosis at the pre-mitochondrial, 
mitochondrial, and post-mitochondrial levels. This takes 
place, among others, by interaction with the signalling 
pathway of the Fas (e.g. DR4 and DR5) and its tumour ne-
crosis factor-related apoptosis-inducing ligand, interfering 
with the process of changing the mitochondrial mem-
brane permeability and, finally, inhibiting apoptosome for-
mation or protecting nuclear proteins against their cleav-
age by caspase-3 [20]. The anti-apoptotic effect of HSP70 
is observed in cancer cells with either almost unchanged 
or significantly increased expression of the MYC onco-
gene. It is well known that the MYC transcription factor 
ensures a high level of cell proliferation (by increasing the 
activity of cyclin complexes and cyclin-dependent kinas-
es of the G1 phase of the cell cycle – Cdk4 and Cdk2) and 
also that it can be associated with a high level of apoptosis 
(by increasing the expression of pro-apoptotic Bcl-2-asso-
ciated X protein (BAX) protein). It has also been demon-
strated that increased MYC expression makes neoplastic 
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cells more sensitive to the effect of anti-cancer drugs such 
as doxorubicin, etoposide, and camptothecin [21]. Under 
these conditions, increased HSP70 expression inhibits the 
development of apoptosis induced by these drugs. It ap-
pears that HSP70 interference with apoptotic signalling 
pathways associated with increased MYC expression may 
be the cause of acquired drug resistance of cancer cells.

The role of HSP90 in apoptosis

The HSP90 family is one of the most thoroughly stud-
ied members of HSPs showing anti-apoptotic properties. 
The molecular mechanisms of the anti-apoptotic action of 
HSP90 include a decrease in the activity of caspases-8 and 
-3, a decrease in the number of tumour necrosis factor and 
Fas receptors, a change in the level of transcription factors 
p53 and NF-κB, as well as an imbalance of pro- and anti-
apoptotic proteins from the Bc1-2 family in favour of the 
latter. The predominance of the expression of anti-apop-
totic proteins prevents the reduction of the mitochondrial 
transmembrane potential.

HSP90 and HSP70 are complementary. Thus, when cyto-
toxic drugs bind HSP90 there is an increase in HSP70 syn-
thesis, which reflects the activation of the compensatory 
cellular protective mechanisms. As a consequence, there is 
an increased probability of survival of cancer cells and re-
sistance to the above-mentioned drugs. Such a phenome-
non has been described, for example, in medulloblastoma 
in children [22]. Blocking of HSP70 and its constitutive iso-
form, HSC70 (constitutive isoforms HSP), by siRNA causes 
proteosome-dependent degradation of HSP90 proteins in 
colon cancer tissues, resulting in extensive tumour apop-
tosis, as well as intensification of neoplastic cell apoptosis 
with pharmacological inhibition of HSP90 [11].

Involvement of heat shock proteins  
in the processes of metastasis

HSPs have also been studied for their role in the pro-
cesses of invasion and metastasis, which have a significant 
impact on overall survival. HSPs were first detected in cells. 
Subsequently, extracellular HSPs (ex-HSPs), membrane 
surface HSPs (mHSPs), and ev-HSPs contained in extracel-
lular vesicles (oncosomes and exosomes) were also discov-
ered [23]. Ex-HSPs play a key role in extracellular commu-
nication in the neoplastic process, in immune reactions, as 
well as in other processes, e.g. degenerative processes.

HSPs are released from cells passively, by cell damage 
or death, or actively by secretion of HSP-containing exo-
somes. Proteomics showed that oral cancer oncosomes 
are rich in HSP90, HSP70, HSC70, and HSP105 [23]. It is 
worth noting that HSP90α is highly expressed in neoplas-
tic cells and secreted into the extracellular space in the 
form of free HSP90α and also as an oncosome load [24].

ex-HSP, ev-HSP, and mHSP can bind to cell surface re-
ceptors, stimulate intracellular signalling pathways, be 
absorbed by endocytosis, or transported molecularly to 
target cells such as immune cells, cancer cells as well as 
cancer stem cells, epithelial cells, cancer-associated fibro-
blasts, mesenchymal stem cells, tumour endothelial cells, 
and lymphoid endothelial cells [25].

Exosomes derived from primary tumour cells transfer 
oncogenic factors to cells in the tumour microenvironment 
and in the pre-metastatic niche [26]. Ex-HSP and ev-HSP 
play a key role in cancer development by binding to cell 
surface receptors such as CD91, promoting epithelial-mes-
enchymal transition (EMT), migration, invasion, heteroge-
neity, metastasis, drug resistance of cancer cells, and an-
giogenesis [27–29].

It has been shown, among others, that high serum con-
centration of soluble HSP27 and phosphorylated HSP27 in 
colorectal cancer patients who had undergone removal of 
lung metastases was associated with worse relapse-free 
and overall survival [30].

Heat shock proteins as biological markers  
of neoplastic process

Depending on the type of tumour and its stage of ad-
vancement, HSPs show differential expression; therefore, 
HSP testing may be of prognostic value.

The conducted studies have provided controversial re-
sults. The association between HSP expression and prog-
nosis was demonstrated in colorectal cancer, whereas 
such a correlation was not found in hepatocellular carcino-
ma, [30, 31]. Decreased HSP27 expression was observed in 
the early stages of colorectal cancer (grade I and II), while 
in advanced stages (grade III and IV), increased HSP27 ex-
pression was demonstrated [32]. Intracellular HSP27 over-
expression is observed in patients with prostate cancer 
[33]. The prognostic significance of HSP27 overexpression 
was found in patients with meningioma [34].

Given the ability of HSP to be released into the extra-
cellular space, it has become appropriate to study ex-HSP 
as a potential cancer biomarker in body fluids using fluid 
biopsy.

In women with breast cancer, the levels of HSP27 in the 
serum and tumour microenvironment were significantly 
higher compared to the control group [35]. A high level of 
HSP27 was also demonstrated in the interstitial fluid iso-
lated from the primary tumour tissue [36].

HSP70 is often found on the cancer cell plasma mem-
brane and is released into the bloodstream through exo-
somes. Serum HSP70 levels were significantly higher in 
patients with lung cancer (both squamous and adenocar-
cinoma) than in the control group [37]. Serum HSP70 lev-
els correlate significantly with total tumour volume in both 
types of cancer. The use of HSP70 as a tool for the early 
diagnosis of cervical cancer was demonstrated in both  
in vitro and in vivo studies [38]. HSP70 was overexpressed 
in patients in the first and second stage of the disease. In-
hibition of HSP70 expression reduced the mobility of can-
cer cells and their invasive capacity. Increased expression 
of HSP70 was also demonstrated in the serum of patients 
with breast cancer, colorectal cancer, and acute myeloid 
leukaemia [39]. Moreover, longer survival times were ob-
served in patients with high levels of anti-HSP antibodies.

Promising results were also obtained by studying ex-
tracellular and exosomal HSPs as diagnostic and prognos-
tic biomarkers in patients with head and neck squamous 
cell carcinoma (HNSCC) [23] and prostate cancer [24].  
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HSP-rich exosomes were secreted by HNSCC cells with 
high metastatic capacity. They contained a  significantly 
higher amount of tumour necrosis factor receptor-associ-
ated protein 1 (TRAP1), Hsp90β, Hsp90α, Hsp105/HspH1, 
and Hsp72 compared to HNSCC with low metastatic po-
tential. Patients with tumours demonstrating high levels 
of TRAP1 or HSP90β are characterised by an unfavourable 
prognosis. Patients with stage I and II HNSCC showed high 
expression of TRAP1 and Hsp105, while patients with stage 
III and IV had increased expression of HSP90α/β. Studies 
on 3-dimensional models of PC-3 castration-resistant 
prostate cancer cell lines showed a significantly higher se-
cretion of ex-HSP90α by hypoxic cells compared to small-
er tumours and 2-dimensional cultures in which cells are 
much better oxygenated [24]. In this model, ex-HSP90α 
was released in large quantities, while ev-HSP90α was 
practically undetectable.

High HSP90 expression was repeatedly demonstrated 
in breast cancer patients, but this only applies to ductal 
carcinoma, as in the case of the lobular subtype, a clear 
decrease in HSP90 expression was found [40]. The study 
of the heterogeneity of breast cancer showed a correlation 
of increased expression of several genes responsible for 
HSP90 synthesis with an increased risk of death and ag-
gressive cancer phenotype. Different HSP90 isoforms are 
associated with negative prognosis for various neoplastic 
disease subtypes. It was suggested that increased levels 
of HSP90 may be a prognostic factor for aggressive neo-
plasms (HER2/ER2 status) with higher risk of recurrence 
and distant metastases [41].

Noteworthy is the correlation of the extracellular level 
of HSP90 with the EMT of neoplastic cells, which is a sign 
of neoplastic progression [42].

This is confirmed by morphological changes in cancer 
cells corresponding to the mesenchymal phenotype – for 
example, elongated shape, loss of cell-cell junctions and 
the acquisition of the ability of cells to migrate, and thus 
transformation from tight cubic epithelial cells pattern into 
loosely dispersed groups. This is accompanied by changes 
in the expression of EMT markers (E-cadherin, N-cadherin, 
Zeb1, Zeb2). The decisive role of ex-HSP90-LRP1 (lipopro-
tein receptor-related protein – LRP1) in the initiation of the 
migration capacity of prostate cancer cells has been con-
firmed. Increased levels of ex-HSP90 are associated with 
the aggressive neoplastic cell phenotype, which prompts 
research into the possibility of using ex-HSP90 in can-
cer diagnosis and treatment [43]. The prognostic value 
of HSP90 in gastric and colorectal cancer has also been 
confirmed, its high expression indicating positive correla-
tion with invasiveness and metastasis [44]. HSP90 was 
suggested to be an indicator of KN differentiation in lung 
adenocarcinoma [45]. Of the 4 isoforms of HSP90 that are 
present in humans, 2 of them – GRP94 and TRAP1 – show 
higher expression compared to the others – HSP90α and 
HSP90β – in patients with small cell lung cancer. The di-
versified expression of these isoforms indicates their 
different participation in carcinogenesis [46]. Increased 
expression of Hsp90-β can be used for the differential di-
agnosis of pleural effusion in lung cancer and correlates 
with pathomorphological differentiation, tumour size, and 

lymph node metastases as well as the aggressive course 
of the disease [47].

The presented results indicate the purposefulness of 
research into the role of HSPs in the early diagnosis of can-
cer and the importance of HSPs as biological markers of 
cancer progression.

Heat shock proteins as a target in anti-cancer 
therapy

Considering the importance of HSPs at various stages 
of the neoplastic process, they seem to be an interesting 
therapeutic target. The development of HSP inhibitors is, 
however, quite a  challenge due to the lack of selectivity 
towards neoplastic and normal cells, and therefore high 
toxicity, as well as the problem of removing them from the 
cell by means of membrane transporters responsible for 
the phenomenon of multidrug resistance (MDR).

Geldanamycin (GA), an antibiotic from the ansamycin 
family, was the first HSP90 inhibitor. Studies have shown 
that GA stops tumour proliferation by inhibiting the activi-
ty of Src tyrosine kinase and blocking the ATP binding site 
in HSP90, leading to proteasomal degradation of these 
proteins [48]. The structure of GA was then modified and 
17-AAG (tanespimycin) was developed. 17-AAG was the 
first HSP90 inhibitor to be used in human clinical trials. In 
addition, in vivo studies were carried out to test 17-AAG as 
a tool to induce apoptosis and inhibit cell proliferation by 
increasing the concentration of cytochrome c, caspase-9, 
and caspase-3 [49]. The significant anti-neoplastic effect 
allowed 17-AAG to enter phase I and II clinical trials in pa-
tients with advanced breast cancer, pancreatic cancer, and 
melanoma, where it was used both as monotherapy and 
in combination with gemcitabine, cisplatin, bortezomib, 
and trastuzumab [50–52].

Other GA derivatives such as 17-DMAG, IPI-504 (re-
taspimycin) and IPI-493 were also tested [53]. Following 
the success of phase I and II clinical trials, IPI504, as well 
as other HSP90 inhibitors such as STA-9090 and AUY922, 
were subjected to phase III studies in the non-small cell 
lung cancer (NSCLC) population. Their efficacy has not 
been demonstrated in a random population of NSCLC pa-
tients [54–56].

However, the results of studies on another HSP90 inhib-
itor, dorsomorphin, are encouraging. It was demonstrated 
that dorsomorphin reduces HSF1 Ser320 phosphorylation 
and nuclear translocation, as well as the level of nuclear 
HSF1 in cancer cells, inducing their apoptosis [57]. More-
over, in the conducted in vitro studies, it sensitized cancer 
cells to HSP90 and proteasome inhibitors and inhibited 
HSP70 expression induced by these inhibitors. In mice, 
dorsomorphin enhances neoplastic cell apoptosis and in-
hibits HSP70 expression and tumour growth.

The phenomenon of multi-drug resistance is a serious 
limitation of many anti-cancer therapies and is the subject 
of ongoing research. Eleven HSP90 inhibitors containing 
an isoxazolonaphthoquinone core have been synthesized 
and tested in tumour models of small cell lung cancer and 
MDR colorectal adenocarcinoma [58]. The efficacy was de-
termined on the basis of the inhibition of cell growth, ac-
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tivity, and expression of P-glycoprotein (P-gp) – the mem-
brane transporter responsible for MDR. For some of the 
tested compounds, interaction with P-gp was observed 
through inhibition of its ATPase activity and decreased 
P-gp expression in cancer cells.

In order to obtain selectivity of HSP inhibitors towards 
neoplastic cells, attempts were made to combine HSP90 
inhibitors with anti-cancer drugs or radiotherapy, as well 
as to deliver compounds to the cancer cells, e.g. in nano-
somes (drug delivery systems) [7]. The anti-neoplastic ac-
tivity of the combination of the HSP90 XL888 inhibitor and 
vemurafenib was demonstrated in patients with melano-
ma with the BRAFV600 mutation [59].

It was demonstrated that the new derivative of 5-re-
sorcinol triazolone (PTP-Ganetespib) was active in breast 
cancer cells, including MDA-MB-231 triple-negative breast 
cancer, and it was approved for phase III clinical trials [60].

5-aryl-3-thiophene-2-yl-1H-pyrazole, another new HSP90 
inhibitor, was tested on MCF7 and HepG2 (hepatocellular 
carcinoma) cell lines. The compound containing the thio-
phene group showed the highest antiproliferative and 
apoptotic activity against HepG2 cells. It caused cell cycle 
arrest in the G2 phase, a 7.7-fold increase in caspase-3, in-
hibition of Hsp90 (IC50 = 2.67 ± 0.18 μM) in vitro, and also 
decreased Hsp90 levels by 70.8%. Moreover, it significantly 
decreased the level of Hsp90 client proteins (Akt, c-Met, 
c-Raf, and EGFR) and gave a 1.57-fold increase of Hsp70 [61].

VER155008, a new inhibitor that targets HSP70, blocks 
the phosphorylation of the PI3K/AKT/mTOR and MEK/ERK 
signalling pathways. VER155008 may reduce the prolifera-
tion of PC12 pheochromocytoma and induce apoptosis, as 
well as inhibit cell migration and invasion [62]. In addition, 
VER-155008 inhibits the proliferation of breast and colon 
cancer lines (HCT116 and BT474) and induces the degra-
dation of HSP90. Induction of caspase-3/7-dependent 
apoptosis in BT474 cells and caspase-independent death 
of HCT116 cells was also observed.

2-Phenylethylsulfonamide (PES) is a selective inhibitor 
of HSP70 function in various types of KN, showing lower 
toxicity to normal cells. PES was shown to inhibit the pro-
liferation of oral squamous cell carcinoma cell lines in vivo 
and in vitro, arrest the cell cycle arrest, and trigger apop-
tosis. PES inhibited the expression of X-linked inhibitor of 
apoptosis protein (XIAP), c-IAP1, p-AKT, and p-ERK and dis-
rupted the interaction between Hsp70 and XIAP [63].

Recently, it was found that JG-98, an inhibitor contain-
ing pyridinic acid modified benzothiazole, showed promis-
ing antiproliferative activity in cancer cells. However, pyri-
dinic acid causes undesirable disturbances in biochemical 
and cellular reactions. Therefore, it has been replaced with 
neutral pyridine. Pyridine-modified benzothiazoles, such 
as JG2-38, retain promising antiproliferative effects in 
breast and prostate cancer cell lines [64].

Cantharidin (CTD), a  terpenoid derivative, inhibits 
HSP70 expression by blocking HSF1 binding to the HSP70 
promoter [65]. The introduction of thermosensitive CTD 
closing liposomes induces cell apoptosis, blocking the 
response to heat shock and subsequent expression of 
HSP70 and BAG3 in cervical cancer [66].

Apoptozole (AZ) is an inhibitor of HSP70 that promotes 
neoplastic cell apoptosis by permeabilising the lysosomal 
membrane. AZ-mediated disruption of lysosomal function 
also inhibits protective autophagy and promotes cell apop-
tosis in multiple cancer cell lines [67].

The assessment of the effect of dihydroartemisinin 
(DHA) on HSP70 expression in PC-3 prostate cancer cells 
has demonstrated that DHA inhibits HSP70 expression 
in PC-3 cells. DHA interferes with the formation of the as-
sociation between dATP, cytochrome c, Apaf-1, caspase-3, 
apoptosis-inducing factor, and HSP70, and consequently 
inhibits the anti-apoptotic capacity of HSP70 and pro-
motes apoptosis of PC-3 cells [68].

The search for inhibitors targeting HSP27 is extremely 
difficult because HSP27, unlike other heat shock proteins, 
is independent of ATP [69]. However, a  new strategy for 
inhibiting HSP27 by inducing cross-linking of the HSP27 
protein has been suggested. Introducing inserts into the 
disulphide bond alters the cross-linking of HSP27, which 
interferes with HSP27 dimerization and function. More-
over, altered HSP27 dimerization may sensitize cancer 
cells that express HSP27 [70].

Of the HSP27 inhibitors, OGX-427, an antisense oligo-
nucleotide (apatorsen), is the most prominent. Its effec-
tiveness has been assessed in preclinical and clinical trials 
[71]. High therapeutic activity of OGX-427 was demon-
strated in combination with traditional anti-cancer drugs 
(gemcitabine, docetaxel) [72,73], as well as with other 
chaperone inhibitors and proteotoxic agents, demonstrat-
ing significant efficacy. OGX-427, co-administered with the 
autophagy inhibitor chloroquine, significantly inhibited 
the growth of prostate cancer in animal models [74]. Com-
plex administration of the Hsp90 inhibitor PF-04928473 
together with OGX-427 revealed effective inhibition of 
cancer cell growth and induction of apoptosis. In a  cas-
tration-resistant prostate cancer (CRPC) model, the above 
combination inhibited tumour growth and prolonged ani-
mal survival [75].

Bortezomib significantly inhibited HSP27 expression. 
Treatment with bortezomib or OGX-427 inhibited prolif-
eration and promoted apoptosis in U266 cell lineage and 
significantly reduced HSP27 expression. Moreover, Bcl-2 
expression was significantly decreased, while BAX expres-
sion was increased by bortezomib and OGX-427. There 
was no significant difference between the bortezomib 
group and OGX-427 in vitro. HSP27 correlates positively 
with Bcl-2 expression and negatively with BAX expression 
in U266 cells. Bortezomib promotes apoptosis in multiple 
myeloma cells [76]. Recently, research on ivermectin as an 
inhibitor of HSP27 capable of enhancing oncogene target-
ing in cancer models has been presented [77].

Conclusions

Numerous experimental studies confirm the assump-
tion of using HSPs as clinical biomarkers and therapeutic 
targets in oncology. HSPs have been shown to be overex-
pressed in some types of cancer and to play an important 
role in oncogenic processes, and, therefore, they may be of 
great prognostic value. HSPs are associated with process-
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es typical of cancer development and progression, such 
as cell proliferation, invasion, and metastasis. In addition, 
HSPs influence cell survival mechanisms by interacting 
with key apoptotic proteins. This allows them to be re-
garded as promising targets for various therapies. The in-
hibition of HSP with various preparations is the subject of 
research in a number of cancers. However, more research 
is needed to refine the efficacy of HSP in combination with 
other traditional markers for cancer diagnosis and progno-
sis of their progression.
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