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Simple Summary: Heat Shock Factor 1 (HSF1) is a transcription factor crucial for cellular stress
responses. HSF1 activates heat shock proteins (HSPs) in response to proteotoxic stress, aiding in
protein folding and maintaining proteostasis. HSF1 is often overexpressed in various cancer cells,
fueling malignancy and indicating a poor prognosis. The mechanisms behind HSF1-induced
tumorigenesis are complex and cancer type-dependent. Targeting HSF1 presents a novel cancer
treatment strategy.

Abstract: Heat shock factor 1 (HSF1) is a transcription factor crucial for regulating heat shock
response (HSR), one of the significant cellular protective mechanisms. When cells are exposed to
proteotoxic stress, HSF1 induces the expression of heat shock proteins (HSPs) to act as chaperones,
correcting the protein-folding process and maintaining proteostasis. In addition to its role in HSR,
HSF1 is overexpressed in multiple cancer cells, where its activation promotes malignancy and leads
to poor prognosis. The mechanisms of HSF1-induced tumorigenesis are complex and involve
diverse signaling pathways, dependent on cancer type. With its important roles in tumorigenesis
and tumor progression, targeting HSF1 offers a novel cancer treatment strategy. In this article,
we examine the basic function of HSF1 and its regulatory mechanisms, focus on the mechanisms
involved in HSF1's roles in different cancer types, and examine current HSF1 inhibitors as novel
therapeutics to treat cancers.
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I. Introduction

The transcription factor, Heat shock factor 1 (HSF1), is crucial to regulating the heat shock
response (HSR). HSR is a primary protective mechanism responding to stressful conditions such as
elevated temperatures, oxidative stress, heavy metals, and proteotoxic insults [1,2]. When cells are
exposed to proteotoxic stress, HSF1 induces the expression of heat shock proteins (HSPs) to act as
chaperones, correcting the protein-folding process and maintaining proteostasis [2,3]. Beyond HSR,
numerous studies demonstrate that HSF1 orchestrates transcriptional programs distinct from HSR
and impacts cell proliferation, survival, and metabolism related to cancer [4-6]. HSF1 is
overexpressed in multiple cancer cells, and its activation supports malignancy and leads to poor
prognosis [7-9]. As a result, HSF1 is a potential biomarker for identifying the malignancy
potentially of cells [10]. The mechanisms of HSF1-induced tumorigenesis are complex and involve

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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diverse pathways, depending on the cancer type. Given the essential role of HSF1 in cancer,
researchers are discovering the functions of HSF1 in tumorigenesis and developing HSF1 inhibitors
as innovative targeted therapy [11].

HSF1 plays an important role in the progression of various cancer types, including breast cancer,
lung, ovary, endometrial, prostate, and many other cancers. HSF1 has been reported to control critical
oncogenic pathways, influencing cell cycle progression, apoptosis, and angiogenesis. Moreover, its
potential to impact immunological responses, modulate the tumor microenvironment, and contribute
to the development of therapeutic resistance highlights its importance in cancer biology.

This article briefly discusses the essential functions and regulatory mechanisms of HSF1. Due
to the diverse malignant manifestations associated with HSF1 in different cancers, we
comprehensively review its functions across various cancer types. Furthermore, we discuss the
potential of novel therapeutic agents, specifically HSF1 inhibitors, for cancer treatment.

II. HSF1 biology

1. HSF1 structure and function

The structure of HSF1 protein can be divided into five parts according to their functions: DNA
binding domain (DBD), leucine zipper 1-3 (LZ1-3), regulatory domain (RD), leucine zipper 4 (LZ4)
and transactivation domain (TAD) (Figure 1A) [12,13]. Under stress conditions, N-terminal DBD
binds to the target genes” heat shock element (HSE) during HSR. This binding process requires
HSF1 homotrimer formation and subsequent activation [14]. To avoid the continuous activation of
HSF1, LZ1-3 and LZ4 form intramolecular interactions to keep HSF1 in monomeric form and inactive
[15]. RD, the domain between LZ1-3 and LZ4, provides an alternative way to regulate HSF1
positively or negatively via modification of specific amino acid residues, known as post-translational
modification (PTM) [12,15,16]. Lastly, C-terminal TAD is related to cell survival once cells undergo
heat shock [17].
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Figure 1. A. Basic structure of human HSF1. DBD, DNA binding domain; LZ1-3, leucine zipper 1-

P

3; RD, regulatory domain; LZ4, leucine zipper 4; TAD, transactivation domain. B. HSF1 activation
related to tumorigenesis.
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HSF1 binds to the HSE and functions as a critical regulator of HSR, triggering the transcription
of genes encoding HSPs to prevent further damage by protein misfolding and aggregating [1,18].
However, recent studies discovered that in addition to cytoprotective properties, continuous
activation of HSF1 increases cell proliferation and survival and reprograms cell metabolism, similar
to cancer cells [4-6]. Therefore, research focused on HSFl-induced tumorigenesis increased
dramatically.

2. HSF1 regulatory mechanisms in normal and cancer cells

HSF1 undergoes regulation through various mechanisms, such as intrinsic regulation by LZ1-3
and LZ4 and interactions with chaperones/chaperonins. Additionally, it is subject to various post-
transcriptional and post-translational regulatory processes. [12,15]. Furthermore, a recent study also
indicated that HSF1 is regulated by non-coding RNA [19].

Upon activation of HSF1 due to stress, it assembles into homotrimers, moves from the cytosol to
the nucleus, initiates HSP transcription, and activates HSR. In the nucleus, HSF1 will bind to various
target genes and activate their respective functions and roles (Figure 1B). As chaperones accumulate
in response to HSF1 activation, they engage with HSF1, holding it in the cytosol as a monomer. This
interaction attenuates HSRs by rendering HSF1 inactive[12]. This negative-feedback pathway
prevents HSF1 overactivation [20].

The regulatory mechanism of HSF1 hinges on post-translational modifications, a process
wherein changes occur to the protein after it has been synthesized. For example, phosphorylation
[21-25], acetylation [26,27], and SUMOylation [28]. Those modifications play a pivotal role in fine-
tuning HSF1 activity, influencing its ability to form functional complexes, translocate to the nucleus,
and trigger downstream cellular responses.

HSF1’s regulatory mechanisms can be changed in cancer cells, resulting in different patterns of
activation and function. Even under non-stress settings, many cancer cells have a heightened and
constitutive activation of HSF1. This persistent activation in cancer cells promotes survival and
proliferation by increasing the expression of chaperone proteins and anti-apoptotic molecules, which
aid in managing proteotoxic stress within rapidly growing malignant cells. Furthermore, HSF1 in
cancer cells may be impacted by numerous signaling pathways and oncogenic alterations, resulting
in an environment in which HSF1 promotes cancer cell survival and expansion. Further, HSF1
involves multiple layers of cellular regulations to promote malignant phenotypes in cancer cells,
including increasing glycolysis to overcome therapy resistance via lactate dehydrogenase A (LDH-
A) [29] and promoting autophagy to enhance cell survival via autophagy-related protein 7 (ATG?)
[30]. Therefore, the tumorigenic regulation of HSF1 is complicated. Due to its complex mechanism,
HSF1 plays different roles in various cancer types.

ITI. HSF1 involvement in various cancer types

HSF1 promotes tumor progression and survival via a variety of methods. It controls gene
expression during the cell cycle, apoptosis inhibition, tumor microenvironment modification,
angiogenesis, and metastasis. HSF1 expression (Figure 2) is associated with poor prognosis and
treatment resistance in various malignancies, including breast, prostate, lung, and ovarian cancer.
Some studies also suggest that HSF1 expression in tumor tissue also increases significantly according
to clinical stage [31,32]. However, in some cancers, there are also different results on the relationship
between HSF1 expression and clinical stage (Supplement 1).

HSF1 inhibition has emerged as a possible therapeutic strategy in cancer treatment. HSF1
inhibition has been demonstrated to sensitize cancer cells to chemotherapy, diminish tumor growth,
and improve radiation therapy efficacy. Furthermore, HSF1 has emerged as a promising target for
cancer therapy.
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Figure.2 HSF1 mRNA levels in different cancer and normal tissues. HSF1 expression is significantly
higher in some cancerous conditions. (*) means p<0.05; (**) means p<0.01; (***) means p<0.001; (****)
means p<0.0001. Data processing using https://gccri.bishop-lab.uthscsa.edu/correlation-analyzer/.

1. Breast Cancer

Breast cancer contributes to one out of every four cases of diagnosed cancer and one out of every
six cancer deaths. It is the most prevalent cancer in 159 nations and the most common cancer type
in the United States [33,34]. HSF1 is a protein that has been investigated extensively for its function
in the development of breast cancer.

In breast cancer cells, HSF1 and ErbB2 (HER2) work together to promote glycolysis, cell
migration, and invasion. The ErbB2 (HER?2) gene codes a protein of the epidermal growth factor
receptor (EGFR) family. This receptor family is involved in the regulation of cell growth and division.
ErbB2 is involved in signaling pathways that regulate cell growth, survival, and differentiation in
normal, healthy cells [32]. However, in rare circumstances, changes in the ErbB2 gene might result in
protein overexpression. This overexpression is seen in a subgroup of breast malignancies and is
linked to aggressive tumor behavior [33,34].

ErbB2 stimulates the formation of HSF1 trimers and increases HSF1 protein synthesis. HSF1
binds to the -LDH-A promoter, increasing LDH-A mRNA levels and leading to higher lactate
production and cell growth [8,29,35]. This axis can be identified as a “reprogramming metabolism
pathway” and may be an alternative therapeutic strategy for treating ErbB2-overexpressing breast
cancers.

HSF1 was also identified to have a link with estrogen (E2) signaling through estrogen receptor
o. (ERo). When HSF1 is deficient, the level of ERa decreases, weakening the cancer cell’s response
to E2 and reducing cell motility and adhesion. HSF1 and ERa work together to regulate gene
expression in response to E2, and HSF1 enhances ERa’s activity [36]. HSF1 also becomes activated
when it is phosphorylated at Serine326 in response to E2 [37], which differs from the HSR [13]. In
clinical settings, HSF1 deficiency may increase the effectiveness of hormonal therapies such as
Tamoxifen and Palbociclib [36].

In addition, HSF1 was identified as a predictive target gene of microRNA-615-5p, an
angiogenesis and tissue repair gene [38]. In breast cancer tissues, low levels of microRNA-615-5p
correlated with high levels of HSF1 compared to normal tissues. Furthermore,microRNA-615-5p
enhanced apoptosis and reduced the development of breast cancer by downregulating HSF1
expression[38]. These results suggest that increasing microRNA-615-5p, which is essential for tissue
repair and blood vessel growth, could be a viable way to treat breast cancer.

Another study investigated FAM3C activation of HSF1, which promoted the growth and
motility of breast cancer cells (Supplement 2). When TGEF-f3 is overproduced in breast cells, it
activates FAM3C-YY1-HSF1 and a protein kinase AKT, which causes cancer cells to grow and migrate
[39]. HSF1 is involved in multiple pathways related to breast cancer, indicating that it could be a
potential target for targeted breast cancer treatment.
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2. Lung Cancer

Lung cancer is a deadly disease and the leading cause of cancer death, representing 11.4% of
cancers diagnosed and 18% of cancer deaths [33]. Non-small cell lung cancer (NSCLC) is the most
common histological type of all lung cancer cases, with a proportion of more than 80% [40].

The first-line treatment for NSCLC is Epidermal Growth Factor Receptor Tyrosine Kinase
Inhibitors (EGFR-TKIs). Unfortunately, reports of resistance to these agents in NSCLC are increasing.
This resistance is thought to be related to the activation of HSF1, which presents a potential target for
overcoming drug resistance. Using KRIBB11, an HSF1 inhibitor, we found a decrease in HSP70 and
HSP 27 and BCL2 expression. The reduction in chaperones and anti-apoptotic proteins caused and
illustrated cell death [41].

In cases of lung cancer metastasis to the brain, HSF1 plays a crucial role in supporting the
survival and proliferation of the metastatic cancer cells. [42,43]. A recent study showed that ABL2
tyrosine kinase regulates the expression of HSF1 protein and its downstream genes. ABL2 is a
protein that belongs to the ABL kinase family. The ABL2 gene encodes a nonreceptor tyrosine kinase,
and its role in cancer has been studied, particularly in the context of cell signaling, cell migration, and
invasion. Inhibiting ABL2 blocks the activity of HSF1 and its targets, which are essential for cancer
cell growth and survival (Supplement 3) [44]. These data suggest that ABL2 inhibitors could be a
promising therapy for metastatic lung cancer with high levels of HSF1.

3. Ovarian Cancer

The most common type of ovarian cancer is called epithelial ovarian cancer (EOC), which is
divided into two groups based on molecular alterations, clinical behavior, and structure [45]. Type I
tumors are slow-growing and less aggressive, while Type II tumors spread quickly and are more
aggressive. The most frequent Type II cancer is called high-grade serous ovarian cancer (HGSOC),
which is very aggressive and often diagnosed late, leading to more ovarian cancer deaths. An easier
way to classify EOCs would be into two groups: HGSOC and non-HGSOC. These two groups are
biologically different, with non-HGSOC usually growing slowly and being diagnosed early, while
HGSOC is naturally aggressive and diagnosed at later stages.

Early detection of HGSOC has numerous advantages, including treating patients promptly and
improving prognosis. In early-stage HGSOC, HSF1 is a relevant biomarker since HSF1 can be
detected in the blood by tumor-directed autoantibodies (AADb).

Anti-HSF1 antibody detection contributes to the early detection of ovarian cancer. IgA, one of
the AAbs employed in the study, yielded promising outcomes. The levels of anti-HSF1 IgA were
higher in the early stages of HGSOC than in the advanced stages[46].

In addition, HSF1 can be employed as a therapy response parameter. Continuing from the
previous work [46], the role of IgA in detecting HSI-PO4 contributes to an understanding of treatment
response in HGSOC. After a course of combination platinum- and taxol-based treatment (carboplatin
and paclitaxel), IgA levels to HSF1-PO4 increased considerably, establishing HSF1-PO4 as a possible
tumor-associated antigen [47]. Although the initial treatment response reaches 60-80% in HGSOC,
patients will eventually become platinum-resistant with relapse [48]. HSF1 causes chemoresistance
by enhancing autophagy through transcriptional upregulation of ATG7 to maintain cell survival [30].
The role of HSF1 as a biomarker in providing treatment response prediction should be a study that
needs to be done further.

Another study revealed that Dickkopf-3 (DKK3), a protein associated with aggressive ovarian
cancer, works with HSF1 to control the behavior of cancer-associated fibroblasts (CAFs), which can
promote tumor growth and invasion (Supplement 4). DKKS3 activates a signaling pathway called
WNT and reduces the breakdown of another pathway, YAP/TAZ. This makes CAFs more likely to
promote tumor growth. DKKS3 plays a vital role in ovarian tumors’ stroma (supportive tissue) by
controlling how CAFs behave [49].
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4. Endometrial Cancer

In the United States, around 67,000 cases of endometrial cancer were diagnosed, and more than
12,000 people died from it [34]. Being overweight or having excess belly fat increases the risk of
endometrial cancer by increasing the amount of estrogen in the body. Other risk factors include
taking estrogen pills after menopause, a history of polycystic ovary syndrome (PCOS), and late
menopause [50].

Endometrial cancer survival rates vary depending on the stage of diagnosis. The 5-year survival
rate for individuals with uterine-confined tumors exceeds 95%, but reduces dramatically after the
illness has spread outside the uterus, with rates of 69% for patients with regional metastasis and 17%
for distant metastases [34].

High HSF1 expression is linked to poor outcomes and disease progression in endometrial cancer.
Compared to the original tumor and complex hyperplasia, HSF1 protein and mRNA expression rose
considerably in metastasis. The findings are also compatible with the Kaplan-Meier plot’s survival
rate. High HSF1 expression was shown to be adversely related to survival rate [32]. Increased
expression of estrogen receptors is associated with the proliferation of endometrial cancer [51-54].
However, in this study [32], survival analysis showed that high HSF1 expression in both groups (ER-
and ER+) was associated with poor survival.

The involvement of estrogen receptors in breast cancer and endometrial cancer is associated
with cancer cell proliferation [55]. Intriguingly, a study in breast cancer mentioned that
overexpression of HSF1 in ERa-positive breast cancer is associated with decreased reliance on the
ERa-controlled transcription program for cancer growth [56]. This suggests that HSF1 may be more
effective in controlling cancer cells than the estrogen receptor pathway. Unfortunately, the role of
HSF1 and estrogen receptors in endometrial cancer has yet to be fully elucidated. This is an exciting
research opportunity and deserves more investigation.

5. Prostate Cancer

Prostate cancer is the second most common type in the United States, with an estimated number
of death cases of 5.6% of all cancer deaths [34]. The 5-year relative survival is 97.5% [34], and most
prostate cancers are adenocarcinomas [57]. Among these cancers, some eventually result in
castration-resistant prostate cancer (CRPC) or neuroendocrine prostate cancer (NEPC), with the
worst prognosis of prostate cancer histologic type [58].

In prostate cancer, HSF1 is reported as a robust predictive biomarker with high HSF1 mRNA
expression and increased nuclear HSF1 shown in patients with advanced prostate cancer [59]. In
addition, patients who exhibit nuclear HSF1 abundance and high Gleason scores tend to have poor
disease-specific survival. [59].

In CRPC and NEPC, HSF1 expression was also highly amplified, with more accumulation of
HSF1 than adenocarcinoma and benign tumor [31]. Overexpression of HSF1 enhances the
development of polyploidy, a common feature in cancer cells, and it can improve tumor progression,
inferior outcome, progressive stage, and therapy resistance [11,31].

HSF1 inhibition has been proven to reduce cell proliferation in the treatment of prostate cancer.
HSF1 inhibition inhibits the expression and transactivation of the androgen receptor (AR), resulting
in cell death [60].

Prostate cancer progression requires AR, which highly depends on the HSF1-activated
multichaperone complex such as HSP70 and HSP40. This multi-chaperone complex is essential in
HSF1 stability, ligand binding, nuclear translocation, trimerization, and target gene DNA binding
[61,62]. In in vitro experiments, Direct Target HSF1 Inhibitor (DTHIB) treatment of prostate cancer
cells dose-dependently inhibited the expression of molecular chaperones HSP70 and HSP40 and led
to areduction in AR and diminished prostate-specific antigen (PSA) expression, a marker for prostate
cancer progression [31]. In conclusion, HSF1 could provide a novel prognostic marker for patient
risk stratification and suggest new treatments for disease progression and survival.
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Table 1. HSF1 expression and functions in different cancer types.

Cancer Type Effect on tumorigenesis Reference
Promotes cell proliferation, growth, migration, invasion, and
. survival, as well as kinase function, lipid metabolism, and [63-67]
Liver cancer .
glycolysis

Promotes cell motility, metastasis, and survival as well as
receptor and kinase maturation, stemness, drug resistance, DNA [35-38,68,69]
Breast Cancer ]
repair, and EMT
Promotes development of polyploidy, high Gleason score, and [31,59]

cancer re-occurrence. Decreases patient survival.
Prostate Cancer

Lung Cancer Promotes angiogenesis and Metastasis [41,70,71]
ESCC Promotes cell survival and expression of HSPs. [10]
Colorectal Plrsgl;t;soelzxzzession of anti-apoptotic proteins, cell growth, and [71,72]

Cancer & y
Endometrial Tumor progression [32]
Cancer

Proliferation [46,47]

Ovarian C
Vanan Sancer vumor progression, cell spreading, ECM remodeling, and cancer  [49,73,74]

invasion

IV. HSF1 in theurapetical resistance

While chemotherapy or radiotherapy remains the primary approach for treating various cancer
types, the ongoing challenge lies in the development of drug resistance by cancer cells despite notable
advancements in treatment. Multiple factors contribute to this resistance, with one of the factors being
the overexpression or activation of HSF1.

Various cancer cells exhibit increased levels of HSF1, and this upregulation is linked to resistance
against chemotherapy. Activated HSF1 boosts the production of HSPs, shielding cancer cells from
the harmful impact of chemotherapy drugs. HSPs play a role in preventing protein misfolding and
aggregation, aiding protein folding and breakdown, and inhibiting apoptosis—all contributing
factors to the development of resistance to chemotherapy [28,62,75-78]. Cancer cells are stressed
when subjected to chemotherapeutic drugs, which can activate HSF1 and the transcription of Hsp70
and Hsp90, further contributing to therapeutic resistance [68,79].

In addition to its role in HSP regulation, HSF1 also promotes tumor cell survival and
proliferation by activating the expression of genes involved in cell cycle regulation [80-82], DNA
repair [80,83], and angiogenesis [84,85]. Inhibition of HSF1 has been shown to sensitize cancer cells
to chemotherapy and reduce tumor growth. Therefore, targeting HSF1 may provide a promising
strategy for overcoming chemotherapy resistance in cancer treatment [69,86,87].

HSF1 is also a crucial factor in the transcriptional activation of multidrug resistance 1 (MDR1),
which is involved in chemoresistance. The pivotal role of HSF1 in drug resistance can be
demonstrated in the binding between HSF1 to the HSE of MDR1. Transfection of active HSF1
increases MDR1 mRNA and protein levels, stimulating drug efflux and the development of drug
resistance [39,46]. On contrary, HSF1 depletion downregulates the transcription of the MDR1 gene in
the cells [88].

Another mechanism of multidrug resistance involves the ATP-binding cassette (ABC)
transporters, which pump hydrophobic molecules out of the cell. The increasing efflux of drugs
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mediated by the ABC transporters is one of the most common mechanisms of drug resistance [89].
HSF1 promotes the activation of ABCB1, an ABC transporter. In melanoma cells with HSF1
overexpression, upregulation of ABCB1 gene transcription was prominent. The expression of the
ABCBI1 gene was found to be primarily dependent on HSF1 in all tested doxorubicin and paclitaxel-
resistant melanoma cell lines [90].

Another study reports an association between HSF1 and F-box and WD repeat domain-
containing protein 7 (FBXW7), an important tumor suppressor for human cancer. FBXW? targets
several critical regulators of proliferation, tumor growth, and apoptosis. Drug-resistant cells show
decreased FBXW7 expression, leading to increased HSF1 expression and drug resistance [88,91].

Meanwhile, the involvement of HSF1 in chemoresistance was revealed in a study on ATG7 and
NBAT1 [30]. Once ATG? is activated, it leads to the activation of autophagy and increases
chemoresistance. NBATI, a tumor suppressor gene in lung cancer, also regulated associations
between HSF1 and ATG7. Overexpression of NBAT1 markedly decreased the binding levels of
HSF1 to ATG7 promoter regions, and NBAT1 knockdown showed the opposite effect in NSCLC[92].

In addition to chemoresistance, HSF1 also plays a role in protecting cancer cells from the effects
of radiotherapy by boosting the expression of HSPs [93-95]. Overexpression of HSF1 leads to
radiotherapy resistance in cancer cells. HSF1 activation leads to the upregulation of genes involved
in DNA repair, including Rad51, a protein involved in homologous recombination repair, a critical
pathway for repairing DNA double-strand breaks induced by ionizing radiation [83,96,97].
Furthermore, HSF1 has been shown to regulate the expression of several anti-apoptotic genes,
including Bcl-2 [98,99], which can protect cancer cells from radiation-induced apoptosis. HSF1 has
also been shown to activate the NF-xB pathway [100-102], which regulates inflammation and
immune responses. These three mechanisms may enhance radioresistance by inducing the
expression of several pro-survival genes, including HSPs.

High expressions of HSP27, HSP70, and HSP90 exert a radioresistant effect through the anti-
apoptotic signaling pathway. In experiments using radioresistant lung cancer cells, a knockdown
of HSF1 and administration of an HSP90 inhibitor resulted in a high level of cell apoptosis and
increased cell sensitivity to radiotherapy [103]. Apart from these positive effects, the inhibition of
HSP90 induces the release of HSF1 from the HSP90 complex, thereby stimulating the transcription of
the cytoprotective chaperones HSP70 and HSP27 [8,42,104]. Therefore, this forms a feedback loop
to counteract the effect of HSP90 inhibition. Thus, combining the HSP90 inhibitor with the HSF1
inhibitor may achieve a better therapeutic effect. HSP70 is one of the main proteins in response to
hyperthermia, including radiotherapy. Upon the cellular stress occurs, HSF1 is activated, followed
by the upregulation of HSP70. Key actions of HSP70 mediate anti-apoptotic function, regulate
multiple intercellular signaling, and induce inflammatory and anti-inflammatory responses that
affect cell survival [105,106].

VI. Targeting HSF1 for cancer treatment

Inhibitors of HSF1 are compounds designed to block or modulate the activity of HSF1. These
inhibitors have been studied for their potential therapeutic applications, especially in cancer
treatment, where HSF1 is often upregulated and contributes to the survival and growth of cancer
cells.

Targeting HSF1 for cancer treatment holds great promise as an innovative therapeutic strategy.
HSF1, known for its role in cellular stress response, has emerged as a critical regulator in
tumorigenesis. In cancer cells, HSF1 becomes hyperactivated, leading to the overexpression of genes
involved in anti-apoptotic mechanisms and cellular metabolism. This heightened HSF1 activity also
promotes the migration and invasion of cancer cells, facilitating tumor spread to distant sites.
Moreover, HSF1 contributes to drug resistance, making cancer treatments less effective (Figure 3).
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Figure 3. HSF1 plays an important role in tumor cell survival, poor prognosis, and metastasis through
several mechanisms. HSF1 can increase the expression of genes involved in anti-apoptotic
mechanisms, cellular metabolism, promoting migration and even drug resistance. By inhibiting HSF1,
cancer progression can be suppressed and provide better hope to patients.

In light of these findings, scientists have explored inhibiting HSF1 as a potential therapeutic
approach. By targeting HSF1, researchers aim to disrupt the pro-cancer effects of this transcription
factor. Targeting HSF1 as a cancer therapy is currently in the pre-clinical stage, and it is regarded as
a promising cancer treatment strategy. In several malignancies, a decrease in HSF1 activity can
inhibit aneuploidy and cancer cell proliferation [104].

Despite successfully blocking HSF1 in vitro and animal models, each agent has therapeutic
limitations. Under stress, HSF1 plays a vital role in cancer and normal cells. Inhibiting HSF1 for
anti-cancer treatment has not to be hazardous to normal cells. As a result, it is critical to specifically
identify and target cancer cells to reduce cytotoxic effects on normal cells. This necessitates the
improvement of existing drugs through synthetic techniques that change functional groups/motifs
or the identification and isolation of new natural molecules capable of overcoming possible off-target
difficulties [107].

Most current inhibitors indirectly interfere with HSF1, lacking specificity and potency.
Developing direct small molecule inhibitors for HSF1 is challenging due to its complex structure.
Moreover, the mechanisms of HSF1 in tumorigenesis and development are complicated, involve
diverse signaling pathways, and may depend on different cancer types. Recent advancements in
HSF1 drug development have brought renewed hope, exemplified by the discovery of direct HSF1
inhibitors such as DTHIB [31,108] and CCT361814 [109-111]. These inhibitors have demonstrated
potent and specific suppression of tumor growth in pre-clinical animal studies while displaying low
toxicity to normal tissues. Encouragingly, CCT361814 has entered Phase I clinical trials. The
prospect of developing new generations of HSF1 inhibitors, especially those directly targeting HSF1
itself, holds promise. Additionally, future research should focus on identifying biomarkers for
patient selection and monitoring therapeutic effects. With these advancements, a targeted therapy
against HSF1 can be developed, providing therapeutic benefits to patients in the near future.

A lack of possible target locations in the tertiary structure makes developing HSF1 inhibitors
problematic. ~HSF-1 is a transcription factor with relatively weak ‘druggability’ [107,112].
Furthermore, its complex activation pathway involves several components, including
multichaperone complexes and various PTMs. Nonetheless, promising HSF1 inhibitors have been
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developed, frequently derived from natural compounds or synthesized chemical structures [87,113].
The following are examples of HSF1 inhibitors tested in vitro and in vivo. As far, NXP800
(CCT361814) is the only HSF1 inhibitor that has entered clinical trials. It is expected that in the near
future, more other HSF1 inhibitors will enter clinical trials.

Table 2. HSF1 inhibitors

Agents Source Cancer type Reff.
Cantharidin Bhste? beetles colon cancer, lung cancer, prostate cancer, [114]
(Meloidae spp.) breast cancer
CCT251236 Bisamide ovarian cancer [112]
Dorsomorphin colon cancer; prostate cancer [115]
Insr1115 Thiazole acrylamide multiple myeloma; breast cancer [116,117]
KNKA437 e e colon cancer; squamous cell carcinoma; [117-119]
breast Cancer
41,117,120~
KRIBB11 Pyridinediamine = multiple myeloma; lung cancer 141, 1 22'] 0
NZ28 Emetine myeloma; prostate cancer; [97,123]
lung cancer; breast cancer
NXP800 o multiple myeloma;
B 109-111
(CCT361814) Disamide solid tumor (under clinical trial) [109-11]
NZ28 Emetine myeloma; prostate cancer; [97,123]
lung cancer; breast cancer
PW3405 Anthraquinone HeLa cancer cell [113,117]
Reseety plant plgment liver and breast cancer [124]
(flavonoid)
Rohinitib
(rocaglamide / Flavaglines; leukemia [79,125]
rocaglates)
SISU-102
;1 i 1,1
(DTHIB) prostate cancer; leukemia [31,108]
SNS-032 Sulfur compounds leukemia [126-128]
chronic lymphocytic leukemia; [129]
Triptolide Tripterygium wilfordiipancreatic cancer; liver cancer [130]
multiple myeloma [131]
2,4-Bis
(4-hydroxy Gastrodia elata lung cancer [132]
benzyl) phenol
4,6- Aromatic
disubstituted heterocyclic organic osteosarcoma [128]

pyrimidines  compound

VII. Conclusions

HSF1 inhibition has emerged as a possible cancer therapeutic method. HSF1, a protein involved
in cellular stress responses, is frequently overexpressed in cancer cells, contributing to tumor growth
and resistance to treatment. HSF1 inhibition has been shown in studies to effectively diminish critical
cancer features such as cell proliferation, survival, and metastasis. HSF1 inhibitors interfere with
protein folding, reducing HSF1’s ability to bind to DNA, disrupting its involvement in gene
activation. Notably, blocking HSF1 has been shown to improve the efficacy of traditional
chemotherapy, radiation therapy, and targeted treatments, suggesting its compatibility with these
standard therapies.

While laboratory studies have produced encouraging findings, more research is needed to
enhance HSF1 inhibitors in terms of efficacy, selectivity, and safety. Scientists are hard at work
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designing potent drugs that directly target HSF1. This includes determining effective combinations
with existing medicines and identifying patient demographics that would benefit the most.
Understanding the processes through which cancer cells gain resistance to HSF1 inhibition is also an
important line of research. To improve the efficacy of HSF1 inhibitors, researchers are investigating
combination techniques combining other targeted medicines.

In conclusion, HSF1 inhibitors have enormous potential as a novel approach to cancer treatment.
By focusing on HSF1, researchers hope to overcome treatment resistance, improve the efficacy of
existing medicines, and eventually improve outcomes for people with cancer. The current research
efforts pave the path for a more refined and all-encompassing approach to cancer therapies.
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