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The development of multidrug resistance (MDR) against chemotherapeutic agents has become a major impediment in
cancer therapy. Understanding the underlying mechanism behind MDR can guide future treatment for cancer with better
therapeutic outcomes. Recent studies evidenced that crossroads interaction between the heat shock proteins (HSP) and
inflammatory responses under the tumor microenvironment plays a pivotal role in modulating drug responsiveness and
drug resistance through a complex cytological process.
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| 1. Introduction

Cancer includes a group of diseases that occur due to the uncontrolled division of the cells that can spread and invade
throughout body parts. Cancer is the second most significant factor in morbidity worldwide, behind cardiovascular
disease, and kills approximately 10 million people each year, according to the WHO (World Health Organization). Further,
it is projected that 1,958,310 new cancer cases and 609,820 fatalities due to cancer emerge worldwide in 2023. The most
common types of cancer are breast, lung, colorectal, and prostate cancers [, It has further been estimated that around
2030, the number of new cancer cases will rise by nearly 70% 2.

Currently practiced therapeutic intervention for cancer treatment includes radiation therapy, immunotherapy, surgery,
chemotherapy, and targeted therapy. Radiation therapy and surgery have frequently been practiced to treat localized and
non-metastatic cancers B4 Chemotherapy is the most clinically practiced therapeutic intervention for treating cancer
cells that have spread into distant organs in the whole body, which are no longer treated with localized therapeutic
methods such as surgery and radiotherapy clinically BlI8l. The cytotoxic potential of these chemotherapeutic agents is due
to their ability to interfere with DNA synthesis and mitosis of rapidly proliferating cells, thereby causing their death (rapid
proliferation is one of the essential characteristics of neoplastic cells such as cancer cells). For instance, Taxol is a
commonly used chemotherapy agent that hinders microtubule depolarization and hyper-stabilizes the microtubule.
Another widely used and the most important chemotherapy agent is doxorubicin, which inhibits topoisomerase II, an
essential enzyme for relaxing supercoils in DNA during cell division.

Despite the achievements made in cancer treatment, chemoresistance, or drug resistance to chemotherapeutic agents,
has become a significant problem in cancer therapies and is responsible for most tumor relapses and poor prognosis .
The cytotoxic potential of these chemotherapeutic agents is due to their ability to interfere with the synthesis of DNA of

rapidly dividing cells, which is non-specific in nature and thereby causes side-effects of the rapidly dividing healthy cells (&
Sl

2. Heat Shock Proteins and their Inmunomodulatory Effect in the Tumor
Microenvironment, Drug Resistance, and Treatment

HSP overexpression contributes to tumor development and progression and in determining their response to various
treatments, including chemotherapy. For example, as discussed above, HSP27 overexpression has contributed to the
poor prognosis of osteosarcomas and gastric carcinomas 29,

Zheng et al. (2018) recently showed that HSP27 played an important role in SCCT cells for chemoresistance via
synergistic extracellular and intracellular signaling 1. In the intrinsic pathway, the reduction of TLR5 or the restored IkBa
protein level of IB proteins interrupts the transactivation of extracellular HSP27-induced NF-kB transactivation resulting in
drug resistance. In the extrinsic pathway, intracellular HSP27 interacts with BAX and BIM to suppress their translocation



to the mitochondrion, thus blocking the successive release of cytochrome C and preventing cells from apoptosis by
communicating with Cyto C LHI2L3] HSp27 exhibited biological effects on monocytes, producing IL10 and TNFa and
blocking monocyte differentiation to normal dendritic cells and tumor-associated macrophages to stimulate cancer
progression and chemoresistance as shown in Figure 1 (111114
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Figure 1. Mechanistic representation of HSP and immunomodulatory effect in the tumor microenvironment in acquiring
chemoresistance.

However, there are also reports stating the increase in HSP expression in improving chemotherapy outcome, such as in
the case of HSP70 in osteosarcomas, where enhanced expression of HSP70 was found to significantly influence the
prognosis of breast cancer 12, Furthermore, the circulating levels of HSPs along with their antibodies in blood provide
attractive biomarkers for analyzing stage and aggressiveness in various types of cancer and monitoring the treatment
process during treatment due to the extraordinary relationship between HSPs and drug resistance. More importantly, one
of the immune system’s essential functions in tumor prevention is tumor immune surveillance, which particularly
recognizes and eradicates cancerous and/or precancerous tumors by analyzing the expression level of tumor-specific
antigens or molecules that are induced as a result of cellular stress. In the tumor microenvironment, some HSP plays a
critical role in managing the delicate balance of protective and destructive immunological responses; thus, it is quite
evident that HSP possesses a central understanding role in oncoimmunology. Thus, the expression or activity of HSP
modulation provides a new therapeutic strategy in cancer immunotherapy [,

The application of HSP-based immunotherapeutic approaches may contribute enormously to the field of oncoimmunology
to obtain effective anticancer regimens. For example, antitumor T-cell immunity might be enhanced by the application of
tumor-based HSP90 inhibition. HSP90 has essential functional roles that complement the role in innate and adaptive
immune responses, including activation/maturation of dendritic cell antigen presentation, lymphocyte activation, and
cross-priming A8 Thys, targeted inhibition of HSP90 can stimulate a dual regulatory role in both immunosuppressive
and immunostimulatory effects. Accumulating evidence suggests that T-cell-mediated antitumor immunity promotes
increased tumor immune surveillance and recognition through therapeutic exploitation of client proteins’ dependent and
independent mechanisms.

The enhancement in the anti-tumor T-cell immunity using tumor-based HSP90 inhibition has been reported. In addition,
the invention that oncoprotein-directed dysregulation of PD-1/PD-L1 signaling can occur as an adaptive response for
endogenous antitumor immunity elevates the capability of upstream interference via HSP90 blockade. However, the
mechanism to integrate the process of HSP90 inhibition and blockade of immune checkpoints should be investigated to
improve antitumor immune responses. Expect the above therapeutic approach, i.e., immune-checkpoint inhibitors for
cancer immuno-therapy, and many other approaches such as cytokines, immune-checkpoint inhibitors, targeted antibody
therapies, and adoptive cell transfer methodologies. Overall, compelling evidence suggests that HSPs are attractive
targets for cancer immunotherapy.



3. Other HSP Immunostimulatory  Properties-based Cancer
Immunotherapy

The following unique immunostimulatory properties of HSP that can be used as physiological adjuvants for cancer
immunotherapy are as follows 19:

« Assuring the desired specificity and sensitivity of antigen targeting possibly assured through receptor-mediated uptake
of molecular chaperones via antigen-presenting cells (APCs).

« Molecular chaperones are able to serve as danger signals and stimulate innate immune components for the
progression of active immune responses.

These novel immunostimulatory properties of HSPs facilitate their utilization as adjuvants to develop various cancer
immunotherapy approaches.

3.1. Tumor-based HSP Vaccine

The HSP possesses substantial properties that can be utilized for targeting dendritic cells (DCs) and can also used as a
natural adjuvant for inducing adaptive immune responses based on the ability of HSP to deliver multiple antigens and
serve as the secure constituent of current vaccines 2421 ynder stress conditions or immunological danger signals, HSP-
bound tumoral peptides could be released in the extracellular medium owing to the chaperone activity of HSP 2, The
interaction between HSP and APC cells involves multiple receptors, including CD40, CD91, and LOX-1. After endocytosis
of HSP—peptide complexes, they were humiliated and subsequently led to cross-presentation of the tumor peptide to
CD8+ T cells through the major histocompatibility complex 1 (MHC-1) molecules 22, Vitespen is an autologous tumor-
derived HSP Gp96, which has shown an excellent clinical impact for treatments of kidney cancer and melanoma in phase
Il clinical trials 28], Generally, the immunogenicity of HSPs is primarily because of its two essential properties: first, their
peptide-dependent capacity to stimulate and elicit adaptive CTL responses against antigenic peptides and, second, their
peptide-independent immunomodulatory capacity.

Several reports have shown that particular HSPs, including HSP70 and Gp96, are effective carrier molecules for cross-
presenting (241,

3.2. HSP as an Antigen for Immune Responses Stimulation

The immune system can be stimulated for cancer treatment using HSP as an antigen without chaperonin activity 2. For
example, intratumoral vaccination with a recombinant oncolytic adenovirus overexpressing HSP, in particular HSP70, thus
reducing tumor growth 25, Li et al. (2014) reported that HSP peptide-specific CTL (cytotoxic T lymphocytes) effectively
reduced tumor burden in the mouse model of a myeloma xenograft. Treatment of CTLs engineered to target HSP27 and
HSP90 peptides effectively decreased tumor growth in a mouse model with myeloma xenograft and stimulation of
peripheral blood mononuclear cells (PBMC), resulting specifically in the generation of HSP peptide CTL [28],

3.3. HSP as an Adjuvant-Free Carrier to Stimulate Inmune Responses

Adjuvants are substances that can enhance, stimulate, and modulate innate immune responses, as well as alter the
quality and quantity of adaptive immune responses 2. HSP was used as an adjuvant for stimulating the immune
response of CTLs in various cancers and infectious diseases. Some reports revealed that immune activities reside within
N- or C-terminal fragments. Thus, a small piece or part of HSP as an adjuvant in vaccines for cancer prevention can be
used (&, For instance, the N-terminal piece of Gp96 (NT-gp96) has been reported as a potential adjuvant that has been

found to increase specific immune responses of CTLs against hepatitis B virus (HBV) and hepatocellular carcinoma
infections [27[28],

The anti-tumor responses based on targeting the HSP70 family of fusion proteins and tumor-associated antigens (TAAS)
were evaluated by Zhang and Huang, who reported that the C-terminal domain of HSP70 seemed to be the essential part
of eliciting anti-tumor responses, including NK cell stimulation against B16 murine melanoma expressing tumor-
associated antigens 22, The investigation further proves the importance of the peptide-binding domain that mediates the
binding of HSP70 and generated DNA encoding the E7/HSP70 vaccine. However, in conjunction with the HSP70
functional domain, the orientation of links between HSP70 and HPVE7 also has significant clinical importance in
optimizing HSP70-based DNA vaccines £9,



In chronic non-progressive pneumonia, membrane-associated proteins elongation factor Tu and Mycoplasma
ovipneumoniae elongation factor HSP70 induce significant levels of cytokines, such as TNF-a, IFN-y, IgG, IL-4, IL-5, IL-6,
and IL-12 091 |n fact, recombinant HSP70 has the potential to act as a Thl cytokine-like adjuvant in mice B, A similar
study has been conducted using Small HSP, that is, HSP27 as an efficient adjuvant to improve HIV-1Nef antigen-specific

immunity. A fusion protein, namely HSP27-Nef, secured from the fusion of HIV-1Nef and HSP27, significantly improved

the Nef-specific T-cell response. In fact, these regimens induced high levels of IgG2a and IFN-y, which are Thi-

associated cytokines, as well as Granzyme B secretion. Thus, this research demonstrated the immunostimulatory

properties of HSP27, which can be utilized for diverse immunization approaches other than Freund’s adjuvant, and these

findings suggested that HSP27 can be used as an effective adjuvant in protein-based vaccines to boost HIV-1 Nef-specific

B-

and T-cell immune responses 22 and serve as a promising HIV-1 vaccine candidate also 22!,
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