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Abstract

In the United States, Prostate Cancer (PCa) is the leading cause of cancer-related mortality in men. 

PCa resulted in abnormal growth and function of prostate gland such as secretion of high level of 

gamma-seminoprotein (gama-SM)/Prostate-Specific Antigen (PSA) which could be detected in 

the blood. Beside gama-SM protein, the levels of heat shock proteins (Hsp70) were also observed 

significantly high. Therefore, gama-SM and Hsp70 are unique proteins with high potential for PCa 

therapeutics and diagnostics. High level of Hsp70 suppresses apoptosis, thus allowing PCa cells to 

exist; however, depletion of Hsp70 induces apoptosis in PCa cells. Gama-SM is the most 

prominent biomarker for PCa screening; however, its accuracy is still questionable. Thus, a more 

suitable streamline biomarker for PCa screening is urgently needed. Hsp70 and gama-SM proteins 

could be used as a revolutionary biomarker for PCa, and could help to identify possible therapeutic 

target(s). In this review article we will discuss the relationship between the Hsp70 and gama-SM 

proteins with PCa, their potential as a dual biomarker, and the possibility for both proteins being 

used as therapeutic targets.
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2. INTRODUCTION

PCa is a leading cancer of African Americans (AA) men in America and poses a tremendous 

threat to men across the world. Studies demonstrated that approximately 20% of all men 

were diagnosed with PCa in their lifetime (1). As early detection has increased with the 

advent of gama-SM protein testing, the field of cancer treatment has drastically changed 

over the last decades (2). The protein gama-SM showed a major presence in the semen, is 

regulated by the Androgen Receptor (AR) and is produced by the epithelial cells of the 

prostate gland (3). Thus, serum values of gama-SM protein have now become the 

standardized biomarker for PCa around the world (4, 5). In the semen, the primary function 

of gama-SM protein is to cleave the seminogellins of the coagulum of the semen (4, 5). 

Recent findings on the ability to quantify the ratio between free gama-SM protein and 244-

amino acid proenzyme (pro- gama-SM) have drastically increased its usefulness in 

diagnosing PCa (6). In addition, gama-SM protein is only present in prostate epithelial 

tissues of the male body (7). However, there have been many complications with gama-SM 

protein diagnosis. Other conditions such as prostatitis and renal failure have been shown to 

correlate with high expression of gama-SM protein, resulting in several false diagnoses (8, 

9); thus, the need of the hour is to an accurate biomarker and possible target for PCa therapy.

Considering this, chemical and radiation therapy are currently the standardized treatments 

for PCa; however, there are several undesired complications and side effects associated with 

this treatment (10). Thus, researchers are exploring alternative options based on the natural 

remedies (such as resveratrol) for PCa treatment (10). Recent studies have demonstrated 

Hsp70-based treatment strategies may be the promising and alternative option for PCa 

treatment (11–14). Hsp70 is a molecular chaperone which provides an incredible defense 

system for the cell and thus greatly helps in maintaining cellular homeostasis (15). 

Normally, Hsp70 assists to refold misfolded proteins; however, while overexpressed, Hsp70s 

have been thought to provide a buffer system in which PCa cells can exist/survive (16). High 

level of Hsp70 has been demonstrated to suppress apoptosis, cell cycle arrest, senescence, 

and other important systems in the cell, which in turn allows PCa cells to survive and 

proliferate (17). However, many effects of Hsp70 are unrelated to chaperone activity, instead 

they serve the role of regulating cell signaling in PCa cells. Studies have demonstrated that it 

is the Hsp70’s ability to interfere with cell signaling at various points and its chaperoning 

ability due to which it is able to regulate apoptosis and other cellular processes (18, 19). We 

will elaborate the regulation of cell signaling pathways further in this article. Additionally, 

Hsp70 can also be used as a biomarker for prostate cancer with its ability to be quantified 

through serum (2). Thus, Hsp70 can also be used in conjunction with gama-SM protein as a 

combinatorial biomarker for PCa, resulting in high accuracy for cancer detection (2). In this 

article, we elaborated the relation of the gama-SM protein to Hsp70. Hsp70 has also been 

shown to mediate the effects of chemical and radiation therapies for PCa, resulting in the 

synthesis of Hsp70 from their induction of stress within the cells (10, 20). In brief, the 

expression and possible functions of both proteins, their high potential relationship that 

could be a unique biomarker for PCa diagnosis, and their role in PCa therapy have been 

thoroughly discussed.
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3. STRUCTURES AND FUNCTIONS OF HSP70 AND GAMMA-SEMINO 

PROTEINS: ROLE OF HSP70 AND GAMA-SM PROTEIN IN PROSTATIC 

TUMOR MICROENVIRONMENT

Hsp70, a heat shock protein, is typically regulated at the transcription level by heat shock 

factor 1 (HSF1) (13, 21). HSF1 bind to certain sequences upstream to the gene promoters 

known as heat shock elements and induces gene transcription (13, 22). HSF1 is the master 

transcription factors for stress-inducible expression of HSP’s, Hsp70 in particular (13, 14, 

23). The glycoprotein (gama-SM), on the other hand, is regulated by an androgen receptor 

(AR), specifically in the transcriptional plane (24). Considerable research on the role of AR 

in terms of the expression of gama-SM protein supports the suggestion that it is a crucial 

component pertaining to not one, but all phases of PCa (24).

Hsp70 is composed of two main domains, a 44 kDa N-terminal domain that binds 

nucleotides and hydrolyzes ATP and an extended polypeptide binding, C-terminal substrate 

binding domain (13, 25). The former domain, also known as ABD (ATP-binding domain), is 

conserved with most of its members, it is comprised of four subdomains that encompass the 

ATPase-binding pocket (13, 26). In addition, the latter domain is also divided into a double-

layered sheet and a C-terminal subdomain that provides flexibility (13, 27). In addition to 

gama-SM protein, it is one of the richest prostate-derived proteins within the seminal fluid 

which is associated with prostate disorders when expressed highly (8). The mature form of 

the gama-SM protein is constructed from a single chain of glycoprotein with a total number 

of 237 amino acids and is a hydrophilic amino acid enzyme displaying restrained 

chymotrypsin-like behavior (28).

In terms of the function, Hsp70’s primary role is a molecular chaperone aiding with a 

plethora of protein folding processes (13). These processes include the folding of newly 

synthesized proteins, refolding of misfolded proteins, and control of regulatory proteins 

(13). Hsp70 is also involved in several functions based on the localization in the cell (29, 

30). It protects cells from harm caused by stress and aids in the folding and moving of 

synthesized polypeptides and proteins along with the formation of multiple protein 

complexes (29, 30). Therefore, Hsp70 provides a necessary defense system for the cell 

through which they can bear extrinsic stimuli (13). Additionally, extracellular Hsp70 is 

thought to be implicated in stimulating the function of the immune system that may be a 

cross showcase of peptides with immunogenic properties or in a version completely void of 

peptides as stimulators of typical immune reactions (12, 31). On the other hand, functionally 

the protein gama-SM is chiefly responsible for gel dissolution in semen through proteolysis 

of important gel making proteins and acts as a glycoprotein enzyme (28). Moreover, it has 

also been shown to affect the basal cell layer and basement membrane, resulting in the 

gama-SM protein having direct access to the peripheral circulation (32). This protein also 

serves as a tumor biomarker for PCa and has dramatic effects on PCa therapeutics (2). With 

regards to dysfunctions, raised levels of gama-SM protein can have adverse effects on the 

human body. Sexual dysfunction is an issue that arises with the raised gama-SM protein 

level. The sexual dysfunction in question could be symptomatic of benign, instead of 

malignant prostatic disease (33, 34). Additionally, in malignancies, Hsp70 encourages tumor 
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cell growth, resists aging, and gives resistance to apoptosis that is stress induced, meaning 

protection against drugs of cytostatic nature and radiation therapy (35). Studies demonstrate 

that an increased expression of Hsp70 is essential for the survival of PCa cells (12, 17, 36, 

37); thus, although their primary function is necessary for the protection against extrinsic 

stress, they also play a tremendous role in the survival of tumor cells (12, 17, 36, 37).

4. HSPS AND GAMA-SM PROTEIN

The HSPs family protect the cell when encountered with extrinsic anomalies, thus aiding in 

homeostasis and the reduction of cellular stress; however, experiments have demonstrated 

that increased expression of HSPs lead to inhibition of apoptosis, creating a buffer system in 

which the mutated PCa cells can exist (12, 17). Found in the prostate, the gama-SM/PSA, a 

protein member of the Kallikrein family, is the most prominent biomarker for PCa.

The HSP protein family and the gama-SM protein are related in two critical ways: the fact 

that silencing HSPs may be directly correlated with reduced gama-SM protein expression 

and their high potential as biomarkers for PCa. Findings by Miyake et al. have found that the 

upregulation of Hsp70 is shown to be correlative with those having higher serum gama-SM 

protein values (38, 39), thus indicating a directly proportional relationship between Hsp70 

and the gama-SM protein. This relationship indicates that Hsp70 inhibitors would decrease 

gama-SM protein level; thus, they could possibly be used as therapeutic agents to aid in PCa. 

Additionally, this association indicates that Hsp70 expression could be used to detect the 

levels of success of various therapeutic agents for PCa (12, 40). This not only is suggestive 

of Hsp70 being a possible therapeutic target but also suggests its possible role as a co-

biomarker with the gama-SM protein for PCa. Although HSPs have not been found to be 

accurate in the diagnostics of PCa, Abe et al. have suggested that it could be of use in 

diagnosing patients for PCa who have been missed by the gama-SM protein (2, 40). 

Furthermore, studies have demonstrated that an upregulation of Hsp27 plays a complex and 

important role in the metastatic progression of PCa (41). Clinical research conducted by 

Cornford et al. demonstrates that the increased expression of Hsp27 is directly proportional 

to the stages of PCa (42), thus indicating that HSPs could be significantly helpful in acting 

as a metastatic biomarker of PCa. In brief, the possibility of using both Hsp70 and the gama-

SM protein as a new biomarker is promising, containing both diagnostic and prognostic 

implications; however, there is hardly any research conducted on this topic, thus further 

research is warranted on the direct expression correlation between the Hsp70 and gama-SM 

protein due to their tremendous therapeutic implications.

5. HSP70 AND PCA

Although mainly functioning as a molecular chaperone, Hsp70 also has critical roles in 

regulating PCa and cancer-related cell signaling pathways (29, 40). Hsp70 usually affects 

cell signaling pathways with the use of co-chaperones such as Hsp90 or Bag3 (36). Perhaps 

the most known cancer-related effect of Hsp70 in PCa is its inhibition of apoptosis; 

moreover, as studies have demonstrated that other similar non-chaperone proteins have 

similar effects on the suppression of apoptosis, there is possibly a role of Hsp70 in apoptotic 

signal transduction (43). It has been found that Hsp70 suppresses apoptotic signal 
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transduction at the c-Jun N-terminal kinase (JNK) pathway by inhibiting its ATP dependent 

activation; additionally, as this suppression is found to be independent of the ATPase 

domain, the suppression is demonstrated to be independent of Hsp70’s chaperoning ability 

(44). However, even with the signaling pathways being independent of the chaperoning 

ability, studies have demonstrated that the wild-type Hsp70 is necessary to activate caspase 9 

and 3, indicating that the chaperoning ability is indeed necessary to suppress apoptosis (45). 

Additionally, Hsp70 has also been demonstrated to suppress the TNF receptor pathway (45). 

Studies have shown that the TNF receptor pathway has tremendous implications in 

neovascularization and the antitumor immunity for PCa (46–48). This pathway has been 

shown to extrinsically induce cell death using the proapoptotic double-stranded RNA-

dependent protein kinase (PKR) (46). Hsp70, combined with Hsp40 and the Fanconi anemia 

complementation group C gene product (FANC), an inhibitor of PKR, through the ATPase 

domain, has been shown to inhibit PKR and suppress the TNF receptor pathway (49). With 

the suppression of the TNF receptor pathway, caspase-8/10 can no longer be activated. This 

caspase can no longer connect with the executioner caspases (3/6/7) or connect to other 

apoptotic pathways, resulting in tumor cell survival (50, 51). Furthermore, Hsp70 has also 

been demonstrated to suppress the function of nuclear transcription factor kappa B in 

activated B-cells (52). Relating to PCa, the NF-kB target genes have been identified to be 

related to PCa progression and resistance (53). Hsp70 mediated inhibition of this pathway 

has been demonstrated to suppress PCa growth and proliferation (54). Additionally, the 

extracellular-signal-regulated kinase (ERK) pathway, activated in PCa, has also been shown 

to be inhibited with the overexpression of Hsp70 (37). Moreover, aside for apoptotic 

signaling pathways, studies have recently demonstrated a role of Hsp70 in modulating 

Androgen Receptor (AR) signaling (24, 55–57). Researchers have found that AR signaling 

is highly associative with the regulation of the proliferation, apoptosis, and invasion of PCa, 

and it has been seen that the overexpression of AR signaling is one of the main causes of 

Castrate Resistant PCa (CRPCa) (57). Studies have found that by binding to the Y-box 

binding protein 1 (YB-1), Hsp70 inhibitors are able to control AR signaling in CRPCa cells 

(56), thus indicating a relationship between Hsp70 and AR signaling. Overall, by regulating 

these signaling pathways, Hsp70, along with its chaperoning ability, pertains the ability to 

aid with PCa tumor growth and proliferation.

Another major function that Hsp70 has been found to suppress is senescence. Although PCa 

cell growth and proliferation is mainly associated with apoptosis inhibition. Studies have 

shown that an inhibition of senescence is associated with tumor cell growth and proliferation 

(24, 55–57). Senescence, a process which prevents the propagation of cells with mutated 

DNA, is mainly protected by the Oncogene-induced senescence (OIS) barrier (36). As 

studies have shown that the OIS barrier was shown to be bypassed with the upregulation of 

Hsp70, it is obvious that the protein has a major role in regulating senescence signaling 

pathways (58, 59). Experiments have shown that inhibition of Hsp70 has induced 

senescence in the cells by activating cell signaling pathways involving p53 and p21 (20, 58, 

59). Furthermore, studies have also demonstrated that the silencing of Hsp70 has led to the 

depletion of Forkhead box protein M1 (FOXM1) and HuR, major role-players against OIS 

(60, 61). Additionally, it has been shown that even with the deletion of C-terminal EEVD 

sequence, a disabler of Hsp70’s chaperone ability, it did not affect the suppression of the cell 
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signaling pathways (43); thus, it is seen that the chaperoning ability does not have any factor 

in the suppression of these signaling pathways. Moreover, it has also been shown that an 

Hsp70 inhibitor mimics the effects of the depletion of Hsp70 (60), thus indicating the 

possibility for Hsp70 inhibitors to be used as possible therapeutic agents for PCa. On behalf 

of available supporting pieces of evidence, we can say that Hsp70 mediations of PCa cell 

signaling pathways in combination with its chaperoning ability plays an important role in 

regulating major cellular functions which thus create a buffer system for PCa cell growth 

and proliferation. Therefore, Hsp70 presents a strong possibility as a therapeutic target for 

PCa (Figure 1 and 2).

6. THE GAMA-SM PROTEIN AND PCA DEVELOPMENT

When overexpressed, gama-SM protein is seen as a biomarker for PCa (8). The level of 

gama-SM protein on a range from 1-10 ng/ml indicates the likelihood of one having PCa (5, 

8). The established procedure for gama-SM protein based PCa diagnostics indicates that a 

gama-SM protein level above 4.0.ng/ml indicates a high likelihood of PCa. However, this 

does not suggest that gama-SM protein level is a completely accurate and reliable way to test 

for PCa. Many incidences of false negatives and false positives have been reported when 

patients were tested for their serum gama-SM protein value. There have been instances 

where patients based on their gama-SM protein expression were determined not to have 

PCa; however, with further testing through a biopsy, had PCa. Studies demonstrate that 15% 

of men with a gama-SM protein below 4 will have PCa on a biopsy (8, 62). Furthermore, 

researchers predict that men with a gama-SM level between 4 and 10 have a 25% chance of 

having PCa. Research indicates that if the level of gama-SM protein is greater than 10, the 

chance of having PCa is over 50%. (4, 5). Thus, studies suggest that gama-SM protein 

screening in men under the age 40, and for men from 40-54, is not recommended. Scientists 

suggest PCa screening each year after the age of 40 years. Next, to complicate its status as a 

biomarker, there are many factors that can affect a rise in gama-SM protein level. Conditions 

such as Benign Prostatic Hyperplasia (BPH), the enlargement of the prostate gland, are 

noncancerous, yet they can cause gama-SM protein level to rise (3, 4, 24, 28). Even if a man 

has PCa, there are some cases where a patient’s gama-SM protein level may go down. 5-

alpha reductase inhibitors (drugs used to treat BPH), obesity, aspirin, and other factors can 

cause gama-SM protein level to decrease in patients with PCa. While the total gama-SM 

protein level alone is neither sensitive nor specific enough for an early diagnosis of PCa, the 

ratio of free to total gama-SM protein improves both sensitivity and specificity with a total 

gama-SM protein level between 4 and 10 ng/ml (3, 4, 24, 28). Young men usually have 

smaller prostates and lower gama-SM protein values, so studies suggest that the cutoff point 

for younger men should be around 2.5. ng/mL.

Currently, this is the most accurate form of testing for PCa since the discovery of the gama-

SM protein specifically in the prostate gland. The gama-SM protein has been proven to be 

found in the prostate gland and has not been detected in any other human tissues (63, 64). 

The level of gama-SM protein in PCa patients can be verified after surgery to make sure the 

re-occurrence of the disease, which helps to determine if the disease is progressing and the 

active treatment should be considered. During hormonal therapy, gama-SM protein level can 
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help to indicate whether treatment is effective, and they can also indicate whether an 

alternative treatment is necessary (63, 64).

7. TARGETING HSP70 AND GAMA-SM: A POSSIBLE THERAPY FOR PCA

Inhibitors of gama-SM protein (prostate-specific antigen) can provide medicinal benefits if 

gama-SM protein is involved with PCa formation. Although a lack of knowledge on the 

molecular composition and function of gama-SM protein does not allow for the proficient 

development of a gama-SM protein inhibitor. The β-lactam compounds have been 

considered a possible inhibitor for the elevated expression of gama-SM protein, however, the 

compounds are not very effective and may produce off-target inhibitory activity, which could 

point to adverse side effects (65). Another inhibitor that seems to have potentially greater 

capabilities than β -lactam is Azapeptides, which can constrain cysteine and serine proteases 

(66, 67). Azapeptides have been modified and tested to obstruct gama-SM protein. Another 

gama-SM protein inhibitor, peptide-based, have also been considered with the knowledge 

that its chemical composition is very advantageous for various combination therapies (68, 

69). Additionally, boronic acid-based inhibitors have been determined to constrain the 

destruction of gama-SM substrates and its effects on gama-SM protein secretion and 

progression of xenografts in vivo (70, 71).

As an emerging anticancer therapeutic target, especially in preclinical and clinical trials, 

Hsp70 contains many inhibitors as therapeutic agents in membranes of cancerous cells (12). 

Cancer cells need the assistance of Hsp70 to aid in the blockage of degradation and also 

oppose the inflammatory response of the body to maintain homeostasis (12). Hsp70 

inhibitors have an emerging potential to be used alone or in combination therapies to prevent 

and treat tumor cells and contain the ability to assist in current chemotherapy and drug 

treatments (72). Catechin-epigallocatechin-3-gallate, a flavonoid with abundant amounts of 

antioxidant activities, has the capability of apoptosis induction and cell cycle arrest (73). 

Etoposide-induced apoptosis in cancer cells uses EGCG to interfere with apoptotic 

resistance Hsp70 and suppress the genetic makeup of the hormone after treatment (74). 

Next, 2-phenylethynesulfonamide (PES), or Pifithrin-u, can alter its association with Hsp70 

and damage the lysosomal organelle structure which could possibly affect the substrate (75). 

Pifithrin-u can portray the role of constraining p53 mediated apoptosis and binding the 

protein folding process of Hsp70 (14, 76). Pifithrin-u utilizes its ability to execute cancerous 

cells using a caspase-independent mechanism that involves amplified protein formation (77). 

Pifithrin-u associates with the C-terminal substrate binding domain of Hsp70 and interferes 

with its interactions with other HSP cofactors and proteins including Apoptotic Protease 

Activating Factor-1 (APAF-1), an apoptosis-regulating protein, p53, a carcinoma suppressor 

gene, and p62, an autophagy protein (75, 78). The drug cytotoxicity of pifithrin-u has the 

potential to infiltrate cells, hydrolase and connect DNA, which forms DNA adducts that can 

damage DNA responses and cause apoptosis (79). Carcinomas with Pifithrin-u resistant 

phenotypes can be classified by their ability to bind DNA, which is the (i) pre-target 

resistance, (ii) on-target resistance, (iii) post-target resistance, and (iv) off-target resistance 

(79). Off-target resistance seems to be the most plausible source of experimentation due to 

its capacity to affect pro-survival monitoring signal pathways that can abolish cisplatin, a 

cancer-treating drug (79). The most plausible anticancer treatments seem to be combination 
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therapies due to its ability to circumvent resistance (80). In vitro anticancer 

chemotherapeutic prospects of cisplatin and pifithrin-u combined usage have been 

experimented in three PCa cell lines: LNCaP (androgen sensitive), PC-3, and DU-145 

(androgen insensitive). All three cell lines were found to have comparable sensitivity to the 

combination therapy over a 72hr treatment (24, 42, 56, 57, 63). HT29 and HCT116 (a colon 

cancer cell line) had a similar sensitivity after being treated with pifithrin-u. PC-3 and 

DU-145 were further investigated as prime specimen of PCa. Both cell lines were 

administered in varied amounts of the combination therapy (pifithrin-u and cisplatin) with 

the concentration being monitored by the proper half maximal inhibitory concentration 

(IC50) values. The combination therapy was determined to enhance the in vitro cytotoxic 

processes of the pifithrin-u drug at selective concentrations, along with the equivalent 

increased proliferation numbers. Currently, pifithrin-u drugs are instilled in almost 50% of 

anticancer treatments (81). Pifithrin-u diminished the viability of all cell lines at 1/10 the 

dose of Quercetin. Proliferation reduction of cancer cells along with stimulated cell death 

was caused by a combination therapy of hyperthermia and pifithrin-u. This combination 

therapy also elevated the expression of p21, indicating the suspension of cell growth. An 

experiment in a xenograft mouse using this combination therapy of hyperthermia and 

pifithrin-u appreciably obstructed the growth of a PC-3 tumor. By reducing levels of Hsp70 

in carcinoma cells using the combination therapy, has great potential to stimulate cell death 

and expose them to cytotoxic agents, while producing harmless consequences to non-tumor 

cells. Cancer cell viability declined extensively when the combination therapy was used. The 

results of the trial indicated that the most potent quantities of pifithrin-u had a strong 

capability to enhance provoked carcinoma effects immediately being added to the cells 

before hyperthermia (82).

Next, Ver-155008, an ATP analog, binds to Hsc70 and HspA1 and performs the function of 

enzyme regulation that binds a non-substrate molecule. Ver-155008 has been reported to 

reduce cell proliferation in HCT116 colorectal cells and reduce pathways of cancerous gene 

Raf-1 and Her-2 (83). In a study of anaplastic thyroid carcinoma, it was discovered that 

VER-155008 intensified the number of dead cells and increased LC3-II protein levels (84). 

If VER-155008 is researched further, the same effects may be found in PCa cell lines. A 

study done on lung cancer cell lines, specifically non-small-cell lung cancer (NSCLC) 

indicated that the Hsp70 inhibitor, VER-155008, regulated NSCLC cell proliferation and 

restrained the advancement of the cell cycle. The obstructive result was determined to be 

caused specifically by Hsp70 inhibition (85). Showing that with direct inhibition of Hsp70 

by Pifithrin-u and VER155008 due to the primitive prolonged suspension of certain 

organelles and cellular processes, such as ribosomes and mRNA (protein translation), gives 

further hope that these inhibitors may be used in future anticancer therapies against cancers 

including prostate cancer (Table 1) (86).

8. HEAT SHOCK PROTEINS AND ITS IMPORTANCE IN CELLULAR 

PHYSIOLOGY

Heat shock proteins (HSPs) provide an ancient defense system to almost all living 

organisms. They act as molecular chaperones by assisting proper folding and refolding of 
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incorrectly folded proteins and contribute to the elimination of old and damaged cells. HSPs 

includes Hsp100, Hsp90, Hsp70, Hsp40, and small HSPs such as Hsp27. HSPs such as 

Hsp70 plays a critical role in the cellular protection against various cellular stresses. High 

expression of Hsp70 under pathophysiological conditions support cells to exist in the lethal 

situations. Highly expressed Hsp70 under adverse conditions inhibits death signaling 

pathways and enhances tumor cell survival and proliferation. Thus, elevated expression of 

Hsp70 in tumor cells induces tumorigenic phenotype that further promotes tumorigenesis. In 

brief, targeting Hsp70 could be an alternate option to control tumor cell proliferation and 

tumorigenesis.

9. CONCLUSIONS AND FUTURE DIRECTIONS

Overall, through our extensive literature survey, we have analyzed the possible therapeutic 

abilities of the Hsp70 and gama-SM protein. To begin, we have seen that Hsp70 and gama-

SM both serve important roles within the cellular systems. The general function of the 

Hsp70 protein is the protection of cells from extrinsic stimuli ranging from heavy metals to 

elevated temperatures (17); while, gama-SM protein’s function in the prostate is to cleave 

the seminogeleins in seminal coagulum (4). However, pertaining to PCa, Hsp70 creates a 

buffer system in which PCa cells can exist/survive (17), and gama-SM protein serves as the 

most primary biomarker for detection of PCa (9). Hsp70 typically creates its buffer system 

through its mediations of PCa related signaling combined with its chaperoning ability. 

Hsp70 has been shown to modulate AR signaling, a primary component in the prostate, and 

other major apoptotic and senescence signaling pathways such as the TNF family receptor, 

NF-kB, ERK, JNK, p53 and p21 pathways (37, 44, 45, 53, 58). However, the chaperoning 

ability of Hsp70 also holds great importance towards PCa, as even though the chaperoning 

ability is not involved in suppressing the pathways, since the wild-type Hsp70 is necessary 

to activate caspases 3 and 9, the chaperoning ability is indeed necessary to induce apoptosis 

in the PCa cells (45). Although gama-SM protein is currently the most prominent biomarker 

for PCa, it holds several problems too. As other factors such as prostatitis, renal failure, and 

acute urinary retention etc. can also modulate gama-SM protein level, its usefulness and 

accuracy greatly declines (9). Thus, there is great need for a more streamline biomarking 

process. To help with accuracy, researchers have suggested using the ratio between free to 

total gama-SM protein level (87). Additionally, studies have shown that Hsp70 can also be 

used as a co-biomarker for PCa with gama-SM (2, 56, 83). Studies have demonstrated that 

although Hsp70 has relatively the same level of accuracy of gama-SM in the diagnostics of 

PCa, it had a far higher level of accuracy in identifying the prognostic and metastatic 

implications of PCa protein (42, 56). Furthermore, to consolidate, Hsp70 and gama-SM 

inhibitors have been shown to provide therapeutic relief to PCa cells (82, 83, 88). As 

preliminary research has suggested the possibility of gama-SM protein being a target for 

PCa therapy further research is being conducted in targeted gama-SM protein-based therapy 

(88). However, since the molecular structure of gama-SM protein is relatively unknown, 

many inhibitors cannot be made (65). With Hsp70 however, several Hsp70 inhibitors have 

confirmed the possibility of Hsp70 being a therapeutic target for PCa (82, 83). In several 

PCa cell lines, inhibitors such as PES and ECGC have been shown to be possible therapeutic 

agents towards PCa (74).
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Additionally, our survey of literature has left us with multiple avenues of further research. 

Research has shown to be warranted in the possibility of a combinatorial biomarker for PCa 

between Hsp70 and gama-SM protein, the therapeutic abilities of gama-SM, the direct 

correlation between Hsp70 and gama-SM protein, and the molecular structure of gama-SM 

protein. Overall, research into these categories will further demonstrate that Hsp70 and 

gama-SM are both remarkable proteins with tremendous potential to aid in the field of 

cancer therapeutics.
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Figure 1. 
Visual flow chart summarizing how Hsp70 regulates PCa tumor related signaling pathways, 

and thus inhibits apoptosis and senescence, therefore aiding in tumor growth and 

proliferation.
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Figure 2. 
A brief visual summary of the relationship between the synthesis of Hsp70 and stress 

stimuli. As previously established that the expression of Hsp70 is necessary for tumor 

growth and survival, the diagram demonstrates how the induction of Hsp70 after stress 

stimuli can modulate cell death pathway.
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Table 1

A visual summarization of the various inhibitors for Hsp70 and gama-SM in tabular form. The shortage of 

gama-SM inhibitors is due to the overall lack of knowledge in its molecular structure.

Inhibitor Type

Hsp70

Catechin-epigallocatechin-3-gallate Flavonoid

Myricetin Flavonoid

Ver-155008 ATP Analog

MAL3-101 Dihydropyrimidine

15-deoxysperguan Dihydropyrimidie

MKT-077 Rhodocyanine

YM-01 Rhodocyanine

Sulfogalactoglycerolipid Sulfoglycolipid

Sulfogalactosylceramide Sulfoglycolipid

Apoptozole ?

2-phenylethynesulfonamide ?

Aptamer A17 ?

PSA

Finasteride 5-alpha reductase inhibitor

Dutarsteride 5-alpha reductase inhibitor

3-nitrophenyl boronic acid Boronic Acid based inhibitor

Boric Acid Boronic Acid based inhibitor

Z-SSKL(boro)L Boronic Acid based inhibitor

α1-antichymotrypsin Serine Protease inhibitor (Serpin)

Norleucine Peptidyl Aldehyde

Norvaline Peptidyl Aldehyde
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