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Ovarian cancer is a serious cause of death in gynecological oncology. Delayed diagnosis and poor survival rates

associated with late stages of the disease are major obstacles against treatment efforts. Heat shock proteins (HSPs) are

stress responsive molecules known to be crucial in many cancer types including ovarian cancer. Clusterin (CLU), a unique

chaperone protein with analogous oncogenic criteria to HSPs, has also been proven to confer resistance to anti-cancer

drugs. Indeed, these chaperone molecules have been implicated in diagnosis, prognosis, metastasis and aggressiveness

of various cancers. However, relative to other cancers, there is limited body of knowledge about the molecular roles of

these chaperones in ovarian cancer. Here, we shed light on the diverse roles of HSPs as well as related chaperone

proteins like CLU in the pathogenesis of ovarian cancer and elucidate their potential as effective drug targets.
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1. Introduction
1.1. Ovarian Cancer Is a Serious Problem in Gynaecological Oncology

Ovarian cancer (OC) is a major life-threatening problem in the field of gynecological oncology. Globally, it stands as the

foremost cause of death in women accounting for approximately 239,000 newly diagnosed cases and over 150,000

deaths per year . Recent reports in the United States estimated 22,240 new cases with ovarian cancer and 14,070

deaths owing to the disease . Notably, the highest incidence and mortality rates have been linked to Eastern and Central

Europe . Therefore, great efforts are required to improve the therapeutic outcomes for diseased women. Additionally,

thorough understanding of the molecular mechanisms and key elements contributing the disease is substantial in

combating ovarian cancer .

Indeed, ovarian tumors can arise from three ovarian cell types namely, surface epithelium, sex cord stromal cells and

germ cells . Epithelial tumors account for 90% of ovarian malignancies while non-epithelial tumors including sex cord

stromal and germ cell tumors represent 10% of the diagnosed cases. Epithelial ovarian cancer (EOC) are histologically

categorized into serous, endometrioid, clear cell and mucinous carcinomas; the serous type itself is subclassified into high

grade serous carcinoma (HGSC), low grade serous carcinoma (LGSC) and serous tubal intraepithelial carcinoma (STIC)

 (a brief classification of OC histology is illustrated in Figure 1).

Figure 1.  Histological stratification of ovarian cancer  . (a) High grade serous carcinoma (HGSC) is distinguished by

increased nuclear atypia, high nuclear-to-cytoplasmic ratio and abundant mitosis. (b) Serous tubal intraepithelial

carcinoma (STIC) resembles HGSC in many morphological aspects such as severe atypia, defective cellular polarity and

mitoses. Therefore, STIC is believed to be a precursor of HGSC. (c) Low grade serous carcinoma (LGSC) is

characterized by increased papillae, mild nuclear atypia and low nuclear-to-cytoplasmic ratio. (d) Clear cell carcinoma

exhibits large tumor cell sizes and frequent clearing of the cytoplasm together with stromal hyalinization. (e) Endometrioid

adenocarcinoma can be differentiated by gland formation that recapitulates endometrial glands. This type is further

categorized according to cellular architecture and nuclear atypia. (f) Mucinous adenocarcinoma is characterized by
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increased cellular mucin and formation of goblet cells.   Histological images are adapted from Nature Reviews Disease

Primers .

OC is often diagnosed at relatively old age of life, with a median age of 63 years in the US women population

(https://seer.cancer.gov/statfacts/html/ovary.html). In addition, current data show that 59% of the cases have metastatic

forms of the disease, while only 15% are diagnosed at the local stage. Of particular importance, early detection of ovarian

malignancies is associated with higher cure rates, with a five-year survival exceeding 92% for localized ovarian cancer,

whereas late stage diagnosis of the metastatic disease lowers cure rates to 20% .

The standard treatment protocol for human ovarian cancer includes maximal cytoreductive surgical debulking followed by

the platinum-based chemotherapy. Concurrent with surgical cytoreduction, staging of the disease remains important .

Current therapeutic regimens to the first-line treatment which involve bevacizumab and paclitaxel have shown improved

survival among patients with OC . Unfortunately, despite initial remarkable response to chemotherapy, the majority of

advanced OC cases recur after primary drug treatment with fatal outcome . According to Ovarian Cancer Research

Alliance (OCRA), current reports show that patients diagnosed at stages I and II have a recurrence chance of 10% and

30%, respectively, whereas the chance of recurrence in those of stage III and IV ranges between 70% and 95%

(https://ocrahope.org/patients/about-ovarian-cancer/recurrence/).

Multiple treatment approaches have been adapted for management of relapsed ovarian cancer. For instance, agents

targeting angiogenesis include Bevacizumab, a monoclonal antibody that binds human vascular endothelial growth factor

(VEGF) and inhibits its activity. Cediranib is an oral VEGF receptor and c-KIT inhibitor that displays antitumor activity in

relapsed EOC in phase I/II studies. Trebananib is a peptide that suppresses angiogenesis by inhibiting angiopoietin-1 and

-2. Moreover, other treatment strategies involve PARP inhibitors (PARPi) which render PARP enzymes no more capable of

performing DNA repair processes and ultimately leading to synthetic lethality . These PARP inhibitors include olaparib

(AZD2281), niraparib (MK4827), rucaparib (CO338, AGO14699, and PF01367338), veliparib (ABT-888) and talazoparib

(BMN 673) . However, it should be noted that that PARP inhibitors have mostly been successful and are approved for

patients with platinum sensitive ovarian carcinoma rather than resistant disease . Furthermore, recent reports show that

sorafenib, a pleiotropic tyrosine kinase inhibitor that inhibits pathways mediated by angiogenic and growth stimulating

factors, could significantly increase the progression-free survival in platinum-resistant OC patients compared to placebo

.

A common significant problem in the treatment of women with advanced OC is therapeutic resistance. To enhance

therapeutic outcomes in recurrent OC, it would be beneficial to generate drugs or therapeutic combinations that would

overwhelm the resistance and increase the response to the main therapy. Therefore, targeting the molecular mechanisms

underlying such drug resistance in OC is highly recommended and may allow for optimum treatment .

Recent research highlights the implication of heat shock proteins (HSPs) in malignant processes and their association

with drug resistance in cancer. HSPs are known as stress inducible molecules that are highly conserved across

prokaryotic and eukaryotic species ranging from bacteria to human . These molecules are well known for their

molecular chaperone activities including protein folding, anti-aggregation of proteins and cellular protein trafficking 

. Expression of HSPs is either constitutive or induced by various physiological, environmental and pathological

factors including thermal stress, hypoxia, inflammation, toxic agents, heavy metals and cancer . In response to variant

stresses, members of HSPs are mostly regulated by a physiological process collectively known as “heat shock response

(HSR)”, which involves heat shock factor 1 (HSF1) as a key player .

1.2. Heat Shock Proteins (HSPs) Are Multifamily Chaperones Implicated in Several Malignancies

HSPs have been traditionally grouped into six main families according to their molecular weight . These include

small HSPs (sHSPs), HSP40 (DNAJ), chaperonin or HSP60, HSP70, HSP90 and large HSPs (HSP110 and glucose-

regulated protein 170, GRP170) . Due to growing numbers of HSP members and their diverse and/or overlapping

structures and functions, Kampinga et al. have set a new classification of HSP families which includes alphabet letters A,

B, C, D, E, H rather than the traditional molecular weight system , see also Table 1.

Table 1. General overview of human heat shock proteins (HSP) families and common members .
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HSP Family Recent Name Number of
Members Common Members and Their Alternative Names

HSP110 HSPH 4

HSPH1 (HSP105)

HSPH2 (HSP110, HSPA4 and APG-2)

HSPH4 (HYOU1/Grp170, ORP150 and HSP12A)

HSP90 HSPC 5

HSPC2 (HSP90α, HSP90AA2, HSPCA and HSPCAL3)

HSPC3 (HSP90β, HSP90AB1, HSPC2, HSPCB, D6S182, HSP90B,
FLJ26984)

HSPC4 (GRP94, HSP90B1, GP96, ECGP, TRA1, endoplasmin)

HSPC5 (TRAP1, HSP75, HSP90L)

HSP70 HSPA 13

HSPA1A (HSP70-1, HSP72 and HSPA1)

HSPA1B (HSP70-2)

HSPA5 (BIP, GRP78 and MIF2)

HSPA6 (Heat shock 70kD protein 6 and HSP70B′)

HSPA8 (HSC70, HSC71, HSP71 and HSP73)

HSPA9 (GRP75, HSPA9B, MOT, MOT2, PBP74 and mot-2)

Chaperonins HSPD and
HSPE 14

HSPD1 (HSP60 and GroEL)

HSPE1 (HSP10, chaperonin 10 and GroES)

HSP40 DNAJ 50

DNAJA1 (DJ-2, DjA1, HDJ2, HSDJ, HSJ2, HSPF4 and hDJ-2)

DNAJB1 (HSPF1 and HSP40)

DNAJC1 (MTJ1, ERdj1, ERj1p and Dnajl1)

sHSPs HSPB 11

HSPB1 (HSP27, HSP28, HSP25, HS.76067, DKFZp586P1322, CMT2F
and HMN2B)

HSPB4 (CRYAA, crystallin alpha A and CRYA1)

HSPB5 (CRYAB, crystallin alpha B and CRYA2)

High expression levels of HSPs have been reported in many cancers, including breast, head and neck, gallbladder,

colorectal, skin, liver, colon, renal, prostate as well as ovarian cancer . Of particular interest, HSPs play dual

complex role in apoptosis via promoting or counteracting cell death. For instance, HSPs have been shown to activate

apoptotic mediators such as pro-caspase 3  and conversely, they bind and inhibit several molecules at different

levels in the apoptotic pathway . Among the anti-apoptotic events is the blockade of cytochrome C and SMAC Diablo

release from the mitochondria by HSP27 besides antagonizing caspase 3 and 9 . HSP27 can also suppress other

apoptotic death receptor pathways, including TNFα, Fas and TRAIL . Similarly, HSP70 inhibits apoptosis by interfering

with the c-jun kinase pathway and preventing cytochrome C release from mitochondria  (See Figure 2). Moreover,

HSPs have been found to chaperone several oncogenes including mutant P53 and prevent its degradation, thus evading

the classical apoptotic pathway and resulting in cancer cell survival . Furthermore, increased levels of certain

HSPs conferred drug resistance in many cancers including prostate , liver , lung , colon , head and neck 

and ovarian cancer .
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Figure 2. Anti-apoptotic and cell survival activities of some HSPs in cancer. (A) Variant roles of HSP70 in carcinogenesis.

High expression of HSP70 in tumor cells suppresses apoptosis by (1) hindering APAF1 recruitment to apoptosome,

interfering with BAX translocation to mitochondria, downregulation of AIF1 and other stress-related kinases. Additionally,

(2) HSP70 regulates both p53-dependent and -independent senescence pathways, (3) supports autophagy by

stabilization of lysosomal membrane and finally (4) it forms complex with HSP90 which is essential for efficient

functionality. (B) HSP60 controls apoptosis by stabilizing mitochondrial survivin (SVV) and hindering P53 pro-apoptotic

actions. HSP60 ablation results in degradation of SVV and activation of the mitochondrial apoptotic pathway. In addition,

silencing of HSP60 increases P53 stability and subsequently, triggers p53-dependent transcription of apoptotic proteins

such as BAX which promotes cell death . (C) HSP27 performs multiple functions in cancer including protein folding,

actin remodeling, minimizing oxidative stress and inhibition of apoptosis. Sample anti-apoptotic events of HSP27 are

indicated by red blunt arrows.

Having anti-apoptotic properties and drug resistance characteristics, overexpression of HSPs in variant malignancies has

been correlated to cell survival, tumor progression and metastasis as well as poor prognosis . Therefore, most

studies consider HSPs not only as diagnostic/prognostic markers but also as ideal therapeutic targets for cancer therapy

By virtue of the increasing interest in HSPs as a potential drug target for cancer treatment among gynaecologists, we

focused on the function of HSPs in ovarian cancer and highlighted their roles in carcinogenesis and therapeutic

resistance. We will start by briefly discussing the general function of HSPs in ovaries in both physiological and

pathological conditions.

2. Biological Functions of HSPs in Healthy and Diseased Ovaries

Previous in vitro and in vivo studies have demonstrated the importance of HSPs in the development of normal ovaries,

growth of ovarian follicles and their resistance to stress conditions. In swine, thermal stress and serum deprivation

induced high transcription levels of HSP70.2, HSP72 and HSP105/110 in both granulosa cells and ovarian follicles.

Moreover, the expression levels of the respective HSPs was reduced following hormonal treatment highlighting the

regulation of stress related changes by hormones in ovarian tissues . In rat, treatment of immature granulosa cells with

follicle stimulating hormone (FSH) resulted in cell rounding concurrent with activation of p38 mitogen activated protein

kinase (MAPK) pathway and HSP27 phosphorylation .

Notably, chaperones including HSP90 and HSP70 play a key role in regulation of the function of steroid hormones by

modulating their receptor activity such as estrogen receptor (ER), progesterone receptor (PR) and androgen receptor

(AR) . Expression of HSP70 has been also described in normal ovaries where a chaperone complex including

HSP70 and HSP90 is suggested to bind steroid receptors and regulate their function . For that, two hypotheses have

been suggested to modulate steroid receptor function; the first hypothesizes the association of a chaperone

heterocomplex including HSP90, HSP70, HSP40, p23, etc. to the unbound receptors and keep them in an inactive state

. Binding of the ligand to steroid receptor results in dissociation of the complex and release of HSP70 and HSP90
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chaperones. Since proliferation of the growing follicles in proestrus occurs because of sex steroids, HSP70 has been

thought as inhibitor of steroidal effects . Additionally, elevated HSP70 levels have been shown to repress steroid

biosynthesis and secretion . Heat shocked rat luteal cells lost their ability to synthesize or secrete LH-sensitive

progesterone and 20α-dihydroprogesterone after treatment with 8-bromo-cAMP and forskolin . Conversely, the other

hypothesis postulates that HSP90/HSP70 machinery is essential for maintaining the appropriate conformation required for

hormone-binding activity of the receptor . Therefore, it is collectively apparent that HSPs modulate ovarian physiology

via controlling sex steroid receptors functionality as well as regulating apoptotic mechanisms .

On the other hand, HSPs have been associated with cystic ovarian disease (COD). Expression profiles of HSP27,

HSP70, HSP60 and HSP90 revealed abundant levels of HSP27 in primary, secondary, tertiary and cystic follicles and

diminished in atretic follicles . Furthermore, overexpression of HSP70, HSP60 and HSP90 has been noticed in tertiary

and atretic follicles. As a conclusion, the aberrant expression of HSPs in ovarian cysts is suggested to counteract

apoptosis and delay regression of cystic follicles . Interestingly, the herbicide atrazine, which dysregulates estrous

cycle in rats and impairs folliculogenesis, has been shown to reduce expression of HSP90 and increase follicular atresia

. Additionally, in rats, ACTH or cold stress-induced polycystic ovary syndrome (PCOS) reveal a significant elevation of

the expression of HSP90 and abnormal ovarian morphology compared to the control group . Furthermore, proteomic

studies in women with PCOS have demonstrated two-fold increase in HSP90B1 levels suggesting a role in promoting cell

survival and suppression of apoptosis .

References

1. Reid, B.M.; Permuth, J.B.; Sellers, T.A. Epidemiology of ovarian cancer: A review. Cancer Boil. Med. 2017, 14, 9–32.

2. Torre, L.A.; Trabert, B.; DeSantis, C.E.; Miller, K.D.; Samimi, G.; Runowicz, C.D.; Gaudet, M.M.; Jemal, A.; Siegel, R.L.
Ovarian cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 284–296.

3. Matulonis, U.A.; Sood, A.K.; Fallowfield, L.; Howitt, B.E.; Sehouli, J.; Karlan, B.Y. Ovarian cancer. Nat. Rev. Dis. Prim.
2016, 2, 16061.

4. Romero, I.; Bast, R.C. Minireview: Human Ovarian Cancer: Biology, Current Management, and Paths to Personalizing
Therapy. Endocrinology 2012, 153, 1593–1602.

5. Bast, R.C.; Urban, N.; Shridhar, V.; Smith, D.; Zhang, Z.; Skates, S.; Lu, K.; Liu, J.; Fishman, D.; Mills, G. Early
Detection of Ovarian Cancer: Promise and Reality. Cancer Treat. Res. 2002, 107, 61–97.

6. Stope, M.; Koensgen, D.; Burchardt, M.; Concin, N.; Zygmunt, M.; Mustea, A.; Information, P.E.K.F.C. Jump in the fire
—Heat shock proteins and their impact on ovarian cancer therapy. Crit. Rev. Oncol. 2016, 97, 152–156.

7. Cortez, A.J.; Tudrej, P.; Kujawa, K.A.; Lisowska, K.M. Advances in ovarian cancer therapy. Cancer Chemother.
Pharmacol. 2018, 81, 17–38.

8. Monk, B.J.; Anastasia, P.J. Ovarian Cancer: Current Treatment and Patient Management. J. Adv. Pract. Oncol. 2016, 7,
271–273.

9. Perren, T.J.; Swart, A.M.; Pfisterer, J.; Ledermann, J.A.; Pujade-Lauraine, E.; Kristensen, G.; Carey, M.S.; Beale, P.;
Cervantes, A.; Kurzeder, C.; et al. ICON7 Investigators A phase 3 trial of bevacizumab in ovarian cancer. N. Engl. J.
Med. 2011, 365, 2484–2496.

10. Ozols, R.F.; Bundy, B.N.; Greer, B.E.; Fowler, J.M.; Clarke-Pearson, D.; Burger, R.A.; Mannel, R.S.; DeGeest, K.;
Hartenbach, E.M.; Baergen, R. Phase III Trial of Carboplatin and Paclitaxel Compared With Cisplatin and Paclitaxel in
Patients With Optimally Resected Stage III Ovarian Cancer: A Gynecologic Oncology Group Study. J. Clin. Oncol.
2003, 21, 3194–3200.

11. Mullen, M.M.; Kuroki, L.M.; Thaker, P.H. Novel treatment options in platinum-sensitive recurrent ovarian cancer: A
review. Gynecol. Oncol. 2019, 152, 416–425.

12. Jiang, X.; Li, X.; Li, W.; Bai, H.; Zhang, Z. PARP inhibitors in ovarian cancer: Sensitivity prediction and resistance
mechanisms. J. Cell. Mol. Med. 2019, 23, 2303–2313.

13. Chekerov, R.; Hilpert, F.; Mahner, S.; El-Balat, A.; Harter, P.; De Gregorio, N.; Fridrich, C.; Markmann, S.; Potenberg, J.;
Lorenz, R.; et al. Sorafenib plus topotecan versus placebo plus topotecan for platinum-resistant ovarian cancer
(TRIAS): A multicentre, randomised, double-blind, placebo-controlled, phase 2 trial. Lancet Oncol. 2018, 19, 1247–
1258.

14. Cohen, M.; Dromard, M.; Petignat, P. Heat shock proteins in ovarian cancer: A potential target for therapy. Gynecol.
Oncol. 2010, 119, 164–166.

[56]

[58][59]

[58]

[60]

[6][61][62]

[63]

[63][64]

[65]

[66]

[67]



15. Richter, K.; Haslbeck, M.; Buchner, J. The Heat Shock Response: Life on the Verge of Death. Mol. Cell 2010, 40, 253–
266.

16. Lindquist, S. The heat-shock response. Annu. Rev. Biochem. 1986, 55, 1151–1191.

17. Hartl, F.U. Molecular chaperones in cellular protein folding. Nature 1996, 381, 571–580.

18. Calderwood, S.K.; Khaleque, M.A.; Sawyer, D.B.; Ciocca, D.R. Heat shock proteins in cancer: Chaperones of
tumorigenesis. Trends Biochem. Sci. 2006, 31, 164–172.

19. Mogk, A.; Bukau, B.; Kampinga, H.H. Cellular Handling of Protein Aggregates by Disaggregation Machines. Mol. Cell
2018, 69, 214–226.

20. Hipp, M.S.; Kasturi, P.; Hartl, F.U. The proteostasis network and its decline in ageing. Nat. Rev. Mol. Cell Boil. 2019, 20,
421–435.

21. Chatterjee, S.; Burns, T.F. Targeting Heat Shock Proteins in Cancer: A Promising Therapeutic Approach. Int. J. Mol. Sci.
2017, 18, 1978.

22. Dai, C.; Whitesell, L.; Rogers, A.B.; Lindquist, S. Heat Shock Factor 1 Is a Powerful Multifaceted Modifier of
Carcinogenesis. Cell 2007, 130, 1005–1018.

23. Ciocca, D.R.; Arrigo, A.P.; Calderwood, S.K. Heat shock proteins and heat shock factor 1 in carcinogenesis and tumor
development: An update. Arch. Toxicol. 2013, 87, 19–48.

24. Vihervaara, A.; Sistonen, L. HSF1 at a glance. J. Cell Sci. 2014, 127, 261–266.

25. Wu, J.; Liu, T.; Rios, Z.; Mei, Q.; Lin, X.; Cao, S. Heat Shock Proteins and Cancer. Trends Pharmacol. Sci. 2017, 38,
226–256.

26. Jee, H. Size dependent classification of heat shock proteins: A mini-review. J. Exerc. Rehabil. 2016, 12, 255–259.

27. Kampinga, H.H.; Hageman, J.; Vos, M.J.; Kubota, H.; Tanguay, R.M.; Bruford, E.A.; Cheetham, M.E.; Chen, B.;
Hightower, L.E. Guidelines for the nomenclature of the human heat shock proteins. Cell Stress Chaperones 2009, 14,
105–111.

28. Jego, G.; Hazoume, A.; Seigneuric, R.; Garrido, C. Targeting heat shock proteins in cancer. Cancer Lett. 2013, 332,
275–285.

29. Samali, A.; Cai, J.; Zhivotovsky, B.; Jones, D.P.; Orrenius, S. Presence of a pre-apoptotic complex of pro-caspase-3,
Hsp60 and Hsp10 in the mitochondrial fraction of jurkat cells. EMBO J. 1999, 18, 2040–2048.

30. Xanthoudakis, S.; Roy, S.; Rasper, D.; Hennessey, T.; Aubin, Y.; Cassady, R.; Tawa, P.; Ruel, R.; Rosen, A.; Nicholson,
D.W. Hsp60 accelerates the maturation of pro-caspase-3 by upstream activator proteases during apoptosis. EMBO J.
1999, 18, 2049–2056.

31. Kennedy, D.; Jäger, R.; Mosser, D.D.; Samali, A. Regulation of apoptosis by heat shock proteins. IUBMB Life 2014, 66,
327–338.

32. Calderwood, S.K.; Gong, J. Heat Shock Proteins Promote Cancer: It’s a Protection Racket. Trends Biochem. Sci. 2016,
41, 311–323.

33. Chauhan, D.; Li, G.; Hideshima, T.; Podar, K.; Mitsiades, C.; Mitsiades, N.; Catley, L.; Tai, Y.T.; Hayashi, T.;
Shringarpure, R.; et al. Hsp27 inhibits release of mitochondrial protein Smac in multiple myeloma cells and confers
dexamethasone resistance. Blood 2003, 102, 3379–3386.

34. Garrido, C.; Brunet, M.; Didelot, C.; Zermati, Y.; Schmitt, E.; Kroemer, G. Heat Shock Proteins 27 and 70: Anti-
Apoptotic Proteins with Tumorigenic Properties. Cell Cycle 2006, 5, 2592–2601.

35. Arrigo, A.-P.; Gibert, B. HspB1 dynamic phospho-oligomeric structure dependent interactome as cancer therapeutic
target. Curr. Mol. Med. 2012, 12, 1151–1163.

36. Beere, H.M.; Wolf, B.B.; Cain, K.; Mosser, D.D.; Mahboubi, A.; Kuwana, T.; Tailor, P.; Morimoto, R.I.; Cohen, G.M.;
Green, D.R. Heat-shock protein 70 inhibits apoptosis by preventing recruitment of procaspase-9 to the Apaf-1
apoptosome. Nat. Cell Biol. 2000, 2, 469–475.

37. Alexandrova, E.M.; Marchenko, N.D. Mutant p53—Heat Shock Response Oncogenic Cooperation: A New Mechanism
of Cancer Cell Survival. Front. Endocrinol. 2015, 6, 53.

38. Yamamoto, S.; Iwakuma, T. Regulators of Oncogenic Mutant TP53 Gain of Function. Cancers 2018, 11, 4.

39. Wawrzynow, B.; Zylicz, A.; Zylicz, M. Chaperoning the guardian of the genome. The two-faced role of molecular
chaperones in p53 tumor suppressor action. Biochim. Biophys. Acta (BBA)-Rev. Cancer 2018, 1869, 161–174.



40. Azad, A.A.; Zoubeidi, A.; Gleave, M.E.; Chi, K.N. Targeting heat shock proteins in metastatic castration-resistant
prostate cancer. Nat. Rev. Urol. 2015, 12, 26–36.

41. Hoter, A.; Rizk, S.; Naim, H.Y. The Multiple Roles and Therapeutic Potential of Molecular Chaperones in Prostate
Cancer. Cancers 2019, 11, 1194.

42. Wang, C.; Zhang, Y.; Guo, K.; Wang, N.; Jin, H.; Liu, Y.; Qin, W. Heat shock proteins in hepatocellular carcinoma:
Molecular mechanism and therapeutic potential. Int. J. Cancer 2016, 138, 1824–1834.

43. Hendriks, L.E.; Dingemans, A.-M.C. Heat shock protein antagonists in early stage clinical trials for NSCLC. Expert
Opin. Investig. Drugs 2017, 26, 541–550.

44. Kimura, A.; Ogata, K.; Altan, B.; Yokobori, T.; Mochiki, E.; Yanai, M.; Kogure, N.; Yanoma, T.; Suzuki, M.; Bai, T.; et al.
Nuclear heat shock protein 110 expression is associated with poor prognosis and hyperthermo-chemotherapy
resistance in gastric cancer patients with peritoneal metastasis. World J. Gastroenterol. 2017, 23, 7541–7550.

45. Yin, X.; Zhang, H.; Burrows, F.; Shores, C.G. Potent Activity of a Novel Dimeric Heat Shock Protein 90 Inhibitor against
Head and Neck Squamous Cell Carcinoma In vitro and In vivo. Clin. Cancer Res. 2005, 11, 3889–3896.

46. Ghosh, J.C.; Dohi, T.; Kang, B.H.; Altieri, D.C. Hsp60 regulation of tumor cell apoptosis. J. Biol. Chem. 2008, 283,
5188–5194.

47. Ciocca, D.R.; Calderwood, S.K. Heat shock proteins in cancer: Diagnostic, prognostic, predictive, and treatment
implications. Cell Stress Chaperon 2005, 10, 86–103.

48. Wang, J.; Cui, S.; Zhang, X.; Wu, Y.; Tang, H. High Expression of Heat Shock Protein 90 Is Associated with Tumor
Aggressiveness and Poor Prognosis in Patients with Advanced Gastric Cancer. PLoS ONE 2013, 8, e62876.

49. Narayanankutty, V.; Narayanankutty, A.; Nair, A. Heat Shock Proteins (HSPs): A Novel Target for Cancer Metastasis
Prevention. Curr. Drug Targets 2019, 20, 727–737.

50. Milani, A.; Basirnejad, M.; Bolhassani, A. Heat-shock proteins in diagnosis and treatment: An overview of different
biochemical and immunological functions. Immunotherapy 2019, 11, 215–239.

51. Sirotkin, A.V.; Bauer, M. Heat shock proteins in porcine ovary: Synthesis, accumulation and regulation by stress and
hormones. Cell Stress Chaperones 2011, 16, 379–387.

52. Maizels, E.T.; Cottom, J.; Jones, J.C.R.; Hunzicker-Dunn, M. Follicle Stimulating Hormone (FSH) Activates the p38
Mitogen-Activated Protein Kinase Pathway, Inducing Small Heat Shock Protein Phosphorylation and Cell Rounding in
Immature Rat Ovarian Granulosa Cells. Endocrinology 1998, 139, 3353–3356.

53. Salvetti, N.R.; Mazzini, R.A.; Taboada, A.F.; Ortega, H.H.; Acosta, J.C.; Gimeno, E.J.; Müller, L.A. Estrogen Receptors
α and β and Progesterone Receptors in Normal Bovine Ovarian Follicles and Cystic Ovarian Disease. Veter.-Pathol.
2007, 44, 373–378.

54. D’Haeseleer, M.; Van Poucke, M.; Broeck, W.V.D. Cell-specific Localization of Oestrogen Receptor beta (ESR2) mRNA
within Various Bovine Ovarian Cell Types Using In situ Hybridization. Anat. Histol. Embryol. 2005, 34, 265–272.

55. Stope, M.B.; Sauermann, A.; Rönnau, C.; Zimmermann, U.; Walther, R.; Burchardt, M. Androgen receptor and heat
shock proteins in progression of prostate cancer cells. Int. J. Clin. Pharmacol. Ther. 2012, 50, 65–67.

56. Salvetti, N.; Baravalle, C.; Mira, G.; Gimeno, E.; Dallard, B.; Rey, F.; Ortega, H. Heat Shock Protein 70 and Sex Steroid
Receptors in the Follicular Structures of Induced Ovarian Cysts. Reprod. Domest. Anim. 2009, 44, 805–814.

57. Pratt, W.B.; Toft, D.O. Regulation of signaling protein function and trafficking by the hsp90/hsp70-based chaperone
machinery. Exp. Boil. Med. 2003, 228, 111–133.

58. Khanna, A.; Aten, R.F.; Behrman, H.R. Heat shock protein induction blocks hormone-sensitive steroidogenesis in rat
luteal cells. Steroids 1994, 59, 4–9.

59. Khanna, A.; Aten, R.F.; Behrman, H.R. Physiological and pharmacological inhibitors of luteinizing hormone-dependent
steroidogenesis induce heat shock protein-70 in rat luteal cells. Endocrinology 1995, 136, 1775–1781.

60. Koshiyama, M.; Konishi, I.; Nanbu, K.; Nanbu, Y.; Mandai, M.; Komatsu, T.; Yamamoto, S.; Mori, T.; Fujii, S.
Immunohistochemical localization of heat shock proteins HSP70 and HSP90 in the human endometrium: Correlation
with sex steroid receptors and Ki-67 antigen expression. J. Clin. Endocrinol. Metab. 1995, 80, 1106–1112.

61. Isobe, N.; Yoshimura, Y. Deficient proliferation and apoptosis in the granulosa and theca interna cells of the bovine
cystic follicle. J. Reprod. Dev. 2007, 53, 1119–1124.

62. Koshiyama, M.; Konishi, I.; Mandai, M.; Komatsu, T.; Yamamoto, S.; Nanbu, K.; Mori, T. Immunohistochemical analysis
of p53 protein and 72 kDa heat shock protein (HSP72) expression in ovarian carcinomas. Virchows Arch. 1995, 425,
603–609.



63. Velazquez, M.M.; Alfaro, N.S.; Dupuy, C.R.; Salvetti, N.R.; Rey, F.; Ortega, H.H. Heat shock protein patterns in the
bovine ovary and relation with cystic ovarian disease. Anim. Reprod. Sci. 2010, 118, 201–209.

64. Velázquez, M.M.; Alfaro, N.S.; Salvetti, N.R.; Stangaferro, M.L.; Rey, F.; Panzani, C.G.; Ortega, H.H. Levels of heat
shock protein transcripts in normal follicles and ovarian follicular cysts. Reprod. Boil. 2011, 11, 276–283.

65. Juliani, C.; Silva-Zacarin, E.; Santos, D.; Boer, P. Effects of atrazine on female Wistar rats: Morphological alterations in
ovarian follicles and immunocytochemical labeling of 90kDa heat shock protein. Micron 2008, 39, 607–616.

66. Park, E.; Cockrem, J.F.; Han, K.-H.; Kim, D.-H.; Jung, M.-H.; Chu, J.-P. Stress-induced activation of ovarian heat shock
protein 90 in a rat model of polycystic ovary syndrome. J. Obstet. Gynaecol. Res. 2012, 38, 396–407.

67. Li, L.; Mo, H.; Zhang, J.; Zhou, Y.; Peng, X.; Luo, X. The Role of Heat Shock Protein 90B1 in Patients with Polycystic
Ovary Syndrome. PLoS ONE 2016, 11, e0152837.

Retrieved from https://encyclopedia.pub/entry/history/show/32168


