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Chapter 9
Hsp90 Is a Pivotal Player in Retinal 
Disease and Cancer

Asmaa Aboelnour, Ahmed E. Noreldin, and Islam M. Saadeldin

Abstract  Heat shock proteins (Hsp) are primarily protecting and maintaining cell 
viability during stressful conditions such as thermal and oxidative challenges 
through protein refolding and stabilization. Hsp play an essential role to confer eye 
protection from disease states particularly the diseases affecting the retina. Here, we 
summarize the Hsp function in normal retina, and their involvement in the patho-
genesis of certain retinal diseases such cancer, glaucomatous retina, retinitis pig-
mentosa, and retinal neurodegeneration, as well as the age-related macular 
degeneration. This information would provide a better understanding of Hsp func-
tion and their involvement in ocular disease pathogenesis that could be a target for 
therapeutic purposes.
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Hsp	 Heat shock proteins
IMPDH	 Inosine-5′-monophosphate dehydrogenase
RP	 Retinitis pigmentosa
RPE	 Retinal pigment epithelium

9.1  �Introduction

Heat shock proteins (Hsp) are molecules with highly conserved structures, that have 
been revealed to share in protein quality control in eukaryotes, eubacteria and 
archaea (Ellis 2007; Lindquist and Craig 1988). Hsp are ubiquitously expressed in 
various subcellular parts (Jego et al. 2013). Hsp act as stress protein because they 
are quickly created after exposure to the unfavorable extrinsic factors such as high 
temperature, cytokine releasing and hypoxia. Italy geneticist Ferruccio Ritossa 
detected Hsp for the first time in the salivary gland of Drosophila larvae in 1962 
(Kiang and Tsokos 1998). He noticed the swelling of the Drosophila’s salivary 
gland after the elevation of the environmental temperature, so he named this phe-
nomenon by heat shock response (HSR). Hsp expression increase to improve the 
cells resistance to adverse lethal condition(s). The Hsp were nominated according 
to their molecular weights because their function was obscured at the time of detec-
tion. Therefore, the 70 kDa Hsp named as Hsp70. Hsp are six types according to 
molecular weight variation. They are Hsp40, Hsp60, Hsp70, Hsp90, Hsp110, and 
small molecule heat shock protein (small Heat Shock Proteins, sHsp) (Lindquist 
and Craig 1988).

In eukaryotic organisms, heat shock protein 90 represents about 1–2% of cyto-
solic proteins so it considered the most abundant molecular chaperone (Garcia-
Carbonero et al. 2013; Singh et al. 2015; Wainberg et al. 2013). Hsp90 significantly 
contributes to folding, maturation, stabilization, and activation of Hsp90 client pro-
teins in cancer and normal cells (Waza et  al. 2005). Moreover, Hsp90 plays an 
important role in the maintenance of genome stability, cell signaling and intracel-
lular transport in normal cells (Kaplan and Li 2012). Furthermore, Hsp90 preserves 
these proteins from proteasomal degradation (Kaplan and Li 2012; Lin et al. 2016). 
After the exposure of cells to extrinsic stressors, Hsp90 resists against stress via two 
ways. First, Hsp90 correct folding of protein by proper refolding and elevates the 
rate of the reactivated proteins. Second, Hsp90 destroys non-functional proteins by 
proteasomal degradation through the polyubiquitination pathway. So, Hsp90 
enhances cell survival in stress conditions by maintaining the protein homeostasis 
(Jolly and Morimoto 2000; Parsell and Lindquist 1993).

Cancer is a critical threat to humanity. In China, it was reported 200 deaths in 
2015. The highest mortality rate was recorded in lung cancer cases, gastric cancer, 
esophageal cancer, and liver cancer respectively (Chen et al. 2016). There is a seri-
ous necessity for modern treatments for cancer as the opposition to traditional cyto-
toxic and cytostatic drugs is now widespread (Sauvage et al. 2017). Cancer cells 
have activated improper signaling pathways and higher metabolic requirements 
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compared to normal cells thus need a chaperone machinery to survive (Chatterjee 
and Burns 2017). Mainly, oncoproteins of cancer require increased levels of Hsp 
chaperonage for their folding, stabilization, aggregation, activation, function and 
proteolytic degradation (Chatterjee et al. 2016; Neckers and Workman 2012). The 
expressions/activities of Hsp27, Hsp70, and Hsp90 chaperones are markedly higher 
in cancer (Garrido et al. 2006; Jego et al. 2013).

Recent studies of the molecular mechanism of tumor incidence have been 
detected that Hsp90 has a pivotal role in organizing proteins in various signaling 
pathways which contribute to the tumor carcinogenesis. Therefore, the Hsp90 is 
considered as a novel important research area in the field of anti-tumor biology (Rui 
et al. 2018) due to its upregulation in response to oxidative stress conditions in vari-
ous human tumors (Saif et al. 2013; Tukaj et al. 2017). Moreover, its ATPase activ-
ity is boosted 50X in a cancerous microenvironment (Taiyab et  al. 2009). 
Furthermore, Hsp90 stabilizes mutant proteins that manifest throughout cell trans-
formation, thus enabling malignant transformation (Calderwood et  al. 2006). 
Therefore, the suppression of Hsp90 influences processes engaged at the beginning 
of cancer which can be considered as the “Hallmarks of Cancer” (Miyata et  al. 
2013; Workman et al. 2007). Consequently, suppression of Hsp90 by proteasomal 
degradation and inhibitors can be effective in cancer treatment (Proia and Kaufmann 
2015; Venkatesan et al. 2016; Wang et al. 2016).

In this chapter, we will first describe Hsp90 in terms of its structure and function 
inside the cells and then concentrate on the connection of Hsp90 to cancer espe-
cially retina cancer and the effects of Hsp90 inhibitors to improve cancer therapy. 
We will also underline the relationships of Hsp90 to retinal neurodegeneration to 
understand the role of Hsp90 in the incidence of retinal diseases.

9.1.1  �HSP90 in Normal Retina

If metabolic stress affects living cells, they react by transient elevating the expres-
sion of HSP. The cause of this denomination is due to the temperature increase was 
the first-reported stimulator of the Hsp reaction. In mammals, a wide range of detri-
mental stimuli, like ischemia and hypoxia, and damaging chemical agents, like 
heavy metals and metabolic poisons are the main Hsp inducers (Kiang and Tsokos 
1998). Recently, 90-kDa family (HSP90 family) is one of the HSP families that 
have drawn the interest of many researchers. Eukaryotic cells have three types of 
Hsp90s: cytosolic Hsp90 with two isoforms of Hsp90α and Hsp90β, mitochondrial 
Trap1 (tumor necrosis receptor-associated protein 1) and Grp94 (glucose-regulated 
protein 94) of the endoplasmic reticulum (ER) (Chiosis 2016; Workman et al. 2007). 
Hsp90 is a cytosolic protein which is present in either Hsp90β form or Hsp90α 
form. Although separate genes encode the two isoforms of Hsp90, they are 86% 
symmetrical at the gene translation level (Moore et al. 1989).

Under normal physiological conditions of eukaryotic cells, Hsp90 represents 
about 1–2% of total cellular protein so it could be considered one of the most 
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abundant cytoplasmic proteins. However, its expression elevates many folds under 
stress conditions (Scheibel and Buchner 1998). Although Hsp90 acts as a molecu-
lar chaperone-like the other Hsp, it links to a specific subset of cellular proteins, 
including components of the cytoskeleton, including microfilaments and microtu-
bules (Csermely et al. 1998; Czar et al. 1996); many tyrosine and serine-threonine 
protein kinases, like cyclin-dependent protein kinase 4 (CDK4), v-Raf/c-Raf and 
v-Src/c-Src (Csermely et al. 1998; Darimont 1999; Pratt 1998); and transcription 
factors like steroid hormone receptors (Csermely et al. 1998; Pratt 1998; Scheibel 
and Buchner 1998). It seems that Hsp90 regulates the signaling capacity of these 
transcription factors and (Csermely et al. 1998; Pratt 1997, 1998; Ylikomi et al. 
1998) and it buffers the destructive changes in the regulatory proteins caused by 
minor gene mutations (Rutherford and Lindquist 1998).

It has been noticed the strong mRNA expression of murine Hsp90β and Hsp90α 
through early mammalian ocular development (embryonic days 11.5–14.5). 
Moreover, Hsp90β mRNA levels still high during later embryogenesis and adult-
hood but Hsp90α mRNA levels decreased (Tanaka et al. 1995). On the other hand, 
Kojima et al. (1996) detected that the rat Hsp90α mRNA expressed from embryonic 
day 17 to adulthood, except around postnatal day 5.

Hsp90 immunoreactivity was detected in most layers of the retina. The strongest 
immunohistochemical reaction for Hsp90 was detected in the outer limiting mem-
brane (OLM). Lesser intense reactions were observed in the outer plexiform layer 
(OPL), inner plexiform layer (IPL), and the inner segment (IS). The remainder of 
the retina staining was noticed in the outer nuclear layer (ONL), inner nuclear layer 
(INL), and perinuclear regions of cells of the retinal ganglion cells (RGC) and was 
somewhat higher than the background at the tips of the outer segment (OS), where 
they are interlocked with processes from the retinal pigment epithelium (RPE). The 
low reaction was detected in the walls of blood vessels where RGC axons stained 
for Hsp90 and kept the same reaction as the axons become near the optic disc. On 
the other hand, a high reaction was observed in the innermost row of ONL nuclei, 
next to the OPL and near the retina-optic nerve junction. Moreover, RPE cells situ-
ated less than 200–250 μm from the optic disc expressed intense Hsp90 reaction, 
especially inside the cell nuclei. In addition, Hsp90 immunoreactivity was observed 
in the optic nerve. Furthermore, the Hsp90 immunoreactivity had a clear perinuclear 
and rare nuclear reaction in the glial cells (Dean and Tytell 2001).

It was suggested that Hsp90 could be involved in the synthesis of an Hsp90-
protein substrate heterocomplex (fold some), which contains at least nine accessory 
proteins and Hsc70 (Pratt 1997). Dean et al. (1999) detected that all retinal layers, 
from IS to RGC, had a positive immunoreactivity for Hsp90 and Hsc70. These 
results are harmonious with the functions of Hsp90 and Hsc70 being interdigitated, 
suggesting both proteins were part of a fold some. The plexiform layers showed the 
only conflict in the staining patterns. The OPL and IPL had a lower immunoreactiv-
ity for Hsc70 than for Hsp90 (Dean et al. 1999). On the other hand, many factors 
can influence the strength of the immunoreaction in the tissue section, containing 
many technical aspects of the reactions utilized to detect the immunoreaction and 
variances in antibody affinity for the antigen. Therefore, other more quantitative 
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analyses must be done to measure the amount of antigen in the retina more 
accurately.

One functional difference between Hsc70 and Hsp90 that may attribute to their 
various distributions in the retina is the role of the Hsc70 and Hsp90  in keeping 
active steroid hormone receptors. As the retina is recognized to be susceptible to 
corticosteroids and thus it contains receptors (Kobayashi et al. 1998; Mirshahi et al. 
1996). The receptor distribution may be related partly to the retinal distribution of 
Hsp90. Moreover, the plexiform layers include the synaptic connections and cell 
processes of the retinal cells, so it could be suggested that Hsp90 can play in keep-
ing the structures engaged in forming synaptic junctions. There are some proofs to 
give a possibility that Hsp may be situated at synaptic connections between retinal 
cells and that Hsp can preserve synaptic functions in some eukaryotes by altering 
the properties of their synapses (Karunanithi et al. 1999).

Hsp70 and Hsp90 may play a pivotal part in the preserving of Müller-
photoreceptor and Müller–Müller cell junctional specializations localized at the 
OLM. Karunanithi et al. (1999) have mentioned that the induction of Hsp and espe-
cially Hsp70 protects synaptic transmission at the Drosophila larval neuromuscular 
junction. Moreover, his group revealed that the process of Hsp70 induction seems to 
include pre- and postsynaptic modifications (Karunanithi et al. 1999).

Black et al. (1985) detected that the optic nerve has three distinct morphologic 
regions near the retina- optic nerve junction, the optic nerve proper (ONP), the 
retina-optic nerve transition region (ROT) and the optic nerve head (ONH). The pat-
tern of distribution of Hsp90 and Hsc70 in the optic nerve was the same reported by 
Dean et al. (1999) and was obviously unlike the pattern detected for Hsp25. The 
majority of the Hsp90 immunostaining was concentrated in the juxtanuclear cyto-
plasm of the glial cells without any reaction in the nerve fibers.

Dean and Tytell (2001) were reported that there was no sudden elevation in 
Hsp90 immunoreactivity as the RGC axons entered the optic nerve head and left 
the retina. They assumed that Hsp25 is the highest distributed Hsp in the axons of 
the normal optic nerve, while Hsp90 and Hsc70 are localized mainly in the glia of 
the optic nerve. The functional importance of these variances in distribution stills 
to be investigated, but it boosts the hypothesis that each of the Hsp has character-
istic roles in the different cellular structures of the optic nerve and retina (Dean and 
Tytell 2001).

It has been supposed that Hap90 is pivotal for neuronal polarization and axonal 
elongation in the retina. Neuronal function relays on the establishing of various 
functional and morphological differentiated domains; dendrites, soma, axon initial 
segment, and axon. The morphological differentiation begins with the specification 
of one of the initial neurites as the axon and its subsequent elongation. This process 
needs the dynamics and coordinated reorganization of microtubule and actin cyto-
skeletons (Bradke and Dotti 1999; Da Silva and Dotti 2002).

Cytoskeleton dynamic behavior is organized by microfilament and microtubule-
associated proteins (ABPs or MAPs) and tubulin post-translational modifications as 
well (Bradke and Dotti 1999; Tapia et al. 2010). Various signaling pathways, like 
PI3K pathway, are engaged in axon growth and specification (Shi et  al. 2003), 
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including proteins like GSK3, Akt (Shi et al. 2004; Yan et al. 2006), Rac, GTPases 
Rho, Par3/Par6. The axonal specification was suggested to be because of the local 
accumulation of some specific proteins, that reveals a fine organizing of its synthe-
sis and local degradation mechanisms. There are two suggested mechanisms to con-
centrate these proteins at the future axon tip. First, kinesins can specifically target 
proteins to the axon tip. In fact, KIF5 is expressed in several neurites before axon 
specification but appears absent from the dendrites and selectively accumulated in 
the emerging axon when the axon is specified (Jacobson et al. 2006). Second, pro-
tein degradation in other neurites causes axon selective accumulation of these pro-
teins (Schwamborn et al. 2007).

In non-neuronal systems, Hsp90 proteins assist in the regulation of intracellular 
protein activity, including protein transport (Johnson et al. 1996). Hsp90 proteins 
are associated with specific serine and tyrosine kinases (Mimnaugh et  al. 1995), 
calmodulin, actin, and tubulin (Sanchez et al. 1988). Loss of Hsp90 activity sup-
presses the cellular response to both v-src kinase activity, as well as the nerve growth 
factor (NGF)- mediated signaling pathway (Jaiswal et al. 1996; Xu and Lindquist 
1993), proposing a role for Hsp90 in the organizing of these pathways. Moreover, 
Hsp90 protein associations can change intracellular protein activation and function 
(Nathan and Lindquist 1995).

Hsp90 protein and mRNA are basically expressed at high levels in neural tissue, 
including brain and retina (Tanaka et al. 1995). Therefore, Hsp90 proteins may be 
supposed to have a selective role in neural function. Bernstein et al. (1996) previ-
ously detected that Hsp90 mRNA is expressed at higher levels at the central region 
of the primate retina (the fovea) than the retinal periphery (Bernstein et al. 1996). 
Moreover, Hsp90 mRNA was detected to be selectively expressed in rodent retinal 
ganglion cells (RGCs) (Tanaka et al. 1995). Because of the concentration of RGCs 
in the fovea region of the primate retina (Shapley and Perry 1986), so, it is possible 
that Hsp90 has an RGC-specific or intensive function.

9.1.2  �The Role of HSP90 in Cancer Biology

If the external temperature elevates significantly over normal body temperature, the 
most cells consequently respond by increasing the production of a limited class of 
proteins termed heat shock proteins. Inside the cells, the interactions between pro-
teins lead to their proteolytic turnover, intracellular disposition, and folding. 
Hypoxia and acidosis are common conditions within tumors, and it was detected the 
elevated chaperone proteins expression in many types of solid tumors (Kimura et al. 
1993; Santarosa et al. 1997) which may explain the ability of malignant cells to 
maintain homeostasis in an antagonistic environment. Chaperone proteins enhance 
cell resistance against environmental stressors and also consolidate tumor cells to 
endure the internal alterations, such as mutations of essential signaling molecules 
that would be fatal (Takayama et al. 2003). Chaperones can act as biochemical buf-
fers for the genetic shakiness that is common in numerous human cancers.
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The elevated heat shock protein levels detected in advanced cancers could 
explain the suitable cellular response to the microenvironment stressors inside the 
tumor such as nutrient-deprivation, acidosis, hypoxia. On the other hand, Hsp can 
assist tumor cells to get away from the apoptotic death that caused by the imbal-
anced signaling accompanied with neoplastic transformation (Takayama et  al. 
2003). One of the prevalent features of cancer cells is the deterioration of apoptotic 
signaling, which enhances tumor expansion and survival by separating them from 
normal regulatory factors so, tumor becomes reluctant to both chemotherapeutic 
drugs and host defense mechanisms (Jäättelä 1999; Sliutz et al. 1996).

It was mentioned that Hsp90 and its cochaperones modify tumor cell apoptosis. 
Most of this activity mediated by influences on tumor necrosis factor receptors 
(Vanden Berghe et al. 2003), AKT (Basso et al. 2002), and nuclear factor-nB func-
tion (Chen et  al. 2002). On the other hand, Hsp90 may contribute in neoplastic 
transformation than suppressing apoptosis. Hsp90 is unique among all heat shock 
proteins as it is not needed for the biogenesis of most polypeptides (Nathan et al. 
1997). On the other side, many of its client proteins or cellular substrates are labile 
signal transducers that have a pivotal role in tissue development, cell survival, and 
growth control (Pratt 1998).

The more notable Hsp90 client proteins related to cancer are receptor tyrosine 
kinases (EGFR, HER2, FLT3, and IGF1R), SRC family kinases (FYN, LCK, and 
SRC), cell cycle G2 checkpoint kinases (POLO-1, MYT1, and WEE1), serine/
threonine kinases (CDK4, AKT, and RAF-1), steroid hormone receptors (andro-
gen, glucocorticoid, progesterone, and estrogen), mutant fusion kinases (NPM-
ALK and BCR-ABL), transcription factors (HIF-1, HSF-1, and p53) (Karagoz and 
Rudiger 2015).

9.1.3  �Roles of HSP90 in Neurodegeneration

Hsp90 has numerous pivotal preserving roles for the functional viability and stabil-
ity of cells against the mutating pressure (Chiosis 2006; Whitesell and Lindquist 
2005). When protein aggregate in neurodegenerative disorders, the suppression of 
Hsp90 stimulates heat shock factor-1 (HSF-1) to produce Hsp40 and Hsp70, in 
addition to other chaperones, which in turn, enhance protein degradation (Klettner 
2004; Muchowski and Wacker 2005). On the other hand, Luo et al. (2008) detected 
the protective effect of Hsp90 on the neuronal proteins of thumping capacity in the 
neurodegeneration, so enhances the gathering of toxic aggregates.

The heat shock reaction is predominately regulated by HSF-1. When the cells 
exposed to stressors, they normally react by stimulation of the heat shock response 
(HSR) associated with elevated induction of cytoprotective Hsp which reduce 
cytotoxicity resulting from denatured and misfolded proteins (Klettner 2004; 
Muchowski and Wacker 2005). The most transition events happen on the tran-
scriptional level. The stressors start the destruction of protein by stimulation of 
HSF-1, which links to upstream regulatory sequences in the promoters of heat 
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shock genes (Anckar and Sistonen 2007). The stimulation of HSF-1 begins via a 
multi-step pathway, including a monomer-to trimer transition, nuclear accumula-
tion and extensive post-translational modifications (Fig. 9.1). Hsp90 regulates the 
function of HSF-1 (Zou et al. 1998). Under normal circumstances, Hsp90 links to 
HSF-1 and maintains the transcription factor in a monomeric state. Inhibition of 
Hsp90 or stressor releases HSF-1 from the Hsp90-HSF-1 complex, which leads to 
its trimerization, activation, and translocation of HSF-1 to the nucleus where it 
begins a heat shock reaction, revealed by the production of Hsp70 and Hsp40. 
Neurons have been detected to be reluctant to Hsp stimulation following heat 
shock (Brown 2007).

Tauopathies are neurodegenerative diseases recognized by tau protein abnormal-
ities which lead to an accumulation of aggregated and hyperphosphorylated tau 
(Kosik and Shimura 2005). In Alzheimer’s disease (AD), Lau et al. (2002) supposed 
that tau hyperphosphorylation is a pathogenic pathway resulted from thumping 
stimulation of many kinases, particularly, glycogen synthase kinase-3 beta (GSK3β) 
and cyclin-dependent protein kinase 5 (CDK5), leading to phosphorylation of tau 
on pathogenic sites (Lau et  al. 2002). Goedert and Jakes (2005) suggested that 
hyperphosphorylated tau in the AD misfolds microtubules net and synthesis of toxic 
tau aggregates. In a collection of tauopathies called “frontotemporal dementia and 
parkinsonism linked to chromosome 17 (FTDP-17)”, the mutation results from 

Fig. 9.1  Suppression of Hsp90, heat shock or stress releases HSF-1 from the Hsp90 complex, 
which leads to its trimerization, activation, phosphorylation and translocation to the nucleus where 
it initiates a heat shock response, revealed by the production of Hsp like the chaperones Hsp70 and 
its activator, Hsp40

A. Aboelnour et al.



191

many transformations in human tau isoforms on chromosome 17, that lead to the 
accumulation of aggregated tau comparable to that in the AD (Goedert and Jakes 
2005). In tauopathies, it has been mentioned that Hsp90 preserves the stability of 
p25 and p35, neuronal proteins that stimulate CDK5 via complex formation result-
ing in thumping tau phosphorylation, and Hsp90 maintains the mutant but not wild-
type tau protein in tauopathies (Luo et al. 2007). Suppression of Hsp90 in mouse 
and cellular models of tauopathies resulted in a decrease of the pathogenic activity 
of these proteins and led to a time- and dose-dependent discarding of aggregated tau 
(Luo et al. 2007).

9.1.4  �HSP90 Inhibition Protects Against Inherited Retinal 
Disease

Hsp90 is a highly conserved and copious molecular chaperone that is engaged in 
numerous cellular processes, containing the functional maturation of substrate pro-
teins, which are defined as ‘clients’ (Li and Buchner 2013; Taipale et  al. 2010). 
Many of client proteins are oncogenes, resulting in Hsp90 protruding as a pivotal 
target in various types of cancer treatment (Pearl et  al. 2008). Post-translational 
modifications and nucleotide binding regulate Hsp90 function (Walton-Diaz et al. 
2013). Hsp90 inhibitors connect with a high affinity to the ATP-binding pocket and 
block the chaperone ATPase cycle resulting in the destruction of client proteins (Li 
and Buchner 2013; Pearl et  al. 2008). Moreover, suppression of Hsp90 function 
deactivates the chaperone complex with Heat Shock Factor 1 (HSF-1), leading to 
the activation of HSF-1 and initiation of heat shock protein expression (Zou et al. 
1998). Subsequently, Hsp90 suppression can trigger a dual influence, the 
proteasome-mediated damage of Hsp90 client proteins and activation of HSF-1, 
which enhances Hsp70 and other chaperones to protect against protein aggregation 
and lower protein toxicity (Labbadia et al. 2011; Sittler et al. 2001).

9.1.5  �Retinitis Pigmentosa

RP is a hereditary photoreceptor degeneration resulted from transformations in the 
rhodopsin gene which is considered the most prevalent origin of autosomal domi-
nant RP. Mendes and Cheetham (2008) detected protection of the Hsp90 inhibitor 
17-N-allylamino-17-demethoxygeldanamycin (17-AAG) against rhodopsin toxic-
ity and P23H, which is deemed to be the most prevalent rhodopsin transformation 
in the USA. This protection depends on HSF-1 because 17-AAG could not protect 
mouse embryonic fibroblasts isolated from HSF-1 knock-out mice against P23H 
rhodopsin aggregation suggesting the dependence of protective influence on the 
induction of the stress response (Aguila et al. 2014).

9  Hsp-Inhibitors Modulate Retinal Diseases



192

Aguila et al. (2014) detected the enhancement of systemic administration of the 
blood-brain barrier permeable (HSP990), Hsp90 inhibitor, to HSF-1 and the begin-
ning of molecular chaperone expression in vivo in the retina. A single minimum 
dose of HSP990 was enough to improve photoreceptor survival and visual function 
of a P23H rhodopsin transgenic rat model which had advanced retinal degeneration. 
Interestingly, this treatment lowered rhodopsin aggregation and stimulated molecu-
lar chaperones but did not influence any phototransduction component, suggesting 
the efficiency of Hsp90 suppression to induce the proteostasis mechanism which 
safeguards against misfolded proteins (Aguila et  al. 2014). Inosine-5′-
monophosphate dehydrogenase (IMPDH) misfolding mutations associated with 
RP10 is another example of using Hsp90 suppression to target photoreceptor pro-
teostasis imbalances. In this case, Tam et al. (2010) utilized claudin 5 RNAi to tem-
porary lower the permeability of the blood-retinal barrier and let 17-AAG to induce 
a preservative response in photoreceptors expressing R224P mutant IMPDH accom-
panied with lowering in mutant aggregated IMPDH and safeguarding the outer 
nuclear layer (ONL) structure (Tam et al. 2010).

Moreover, suppression of Hsp90 in another class of rhodopsin mutation (R135L) 
disease model was preventative, but the Hsp90 inhibition machinery was separated 
from HSF-1. The R135L mutation blocks binding and thumping rhodopsin endocy-
tosis which harmfully influences vesicular traffic and causes rhodopsin hyperphos-
phorylation (Chuang et al. 2004).

Hsp90 suppression prohibited the mobilization of arrestin to R135L mutant rho-
dopsin and therefore mitigated thumping endocytosis (Aguila et al. 2014). HSF-1 
null cells kept the influence of Hsp90 suppression suggesting that it was indepen-
dent of HSF-1. Furthermore, a study conducted by Aguila et al. (2014) showed that 
rhodopsin kinase (GRK1) is a Hsp90 client protein and the influence of Hsp90 sup-
pression on R135L rhodopsin arrest was mediated by lowering of phosphorylation 
upstream of R135L due to a suitable kinase deficiency (Aguila et al. 2014). This 
mechanism linked to the decrease of a specific client protein that is interposing an 
adverse influence of a genetic mutation is distinguished from the enhanced produc-
tion of protective factors via the enhancement of the stress response to combat a 
mutational consequence. We can conclude the multiple roles of Hsp90 in the retina. 
Moreover, the usage of Hsp90 inhibitors has potential protective roles against vari-
ous types of RP via various mechanisms.

9.1.6  �Age-Related Macular Degeneration (AMD) and RPE 
Biology

AMD is a multifactorial disease including environmental, genetic, and metabolic 
factors. Cell death and functional anomalies in the RPE cells have a pivotal role in 
the AMD progress and are accompanied with elevated oxidative stress (Jarrett and 
Boulton 2012). Decanini et al. (2007) detected the normal expression of Hsp90 in 
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RPE cells and its marked elevated expression during the AMD progress. Moreover, 
Qin et al. (2011) suggested that Hsp90 detected in necrotic RPE cells may act as an 
inducer for inflammatory reactions in neighboring healthy RPE. Therefore, Hsp90 
suppression can prohibit the inflammatory reactions in RPE cells (Wang et al. 2010). 
In addition, (Wu et al. 2007) detected the ability of the Hsp90 inhibitor geldanamy-
cin to suppress vascular endothelial growth factor expression in hypoxic RPE cells, 
suggesting that Hsp90 inhibitors can be a potential treatment for both neovascular-
ization and inflammation.

In age-related macular degeneration, damage to the RPE layer leads to the death 
of foveal cone photoreceptors that are in charge of the sharp central vision 
(Kaarniranta et al. 2013). This means that RPE cells are essential in the progression 
of AMD. Recently, inflammasome signaling has been accompanied with the patho-
genesis of AMD (Kauppinen et al. 2012; Tarallo et al. 2012). As reviewed by Harris 
and Rubinsztein (2011), inflammasomes and autophagy control each other, sug-
gesting that autophagy could be in charge of the discarding of unnecessary inflam-
masome components. Autophagy is the cellular degradation system, particularly 
when proteasomal degradation has failed. It is established that proteasomal activity 
reduces during the aging process which is accompanied by the pathogenesis of 
AMD (Jung et al. 2009; Li et al. 2008). If NLRP3 inflammasome is translated after 
the priming signal, it is removed from the cell unless safeguarded by a protein 
complex including Hsp90 (Martinon 2008; Mayor et  al. 2007). Mayor et  al. 
revealed that in the obscurity of Hsp90, NLRP3 will be destructed by the protea-
some (Mayor et al. 2007).

9.1.7  �HSP90 in Glaucomatous Retina

It is well known that Hsp90 is ceaselessly expressed in mammalian cells (Park et al. 
2007). Moreover, heat shock stress induces its expression in retinal Müller cells. 
Immunostaining for Hsp90 was detected to be stronger than Hsp70 in the glaucoma-
tous retinas compared to the control retinas, harmonious with the fact that the apop-
totic pathway is one of the key mechanisms included in glaucomatous neuropathy, 
and that Hsp are upregulated to suppress apoptosis and save neuronal cells. Elevated 
immunoreactivity for Hsp90 in glaucomatous retinas was detected at the nerve fiber 
layers and ganglion cell. The GFAP immunolabeling and Hsp90 were similar in 
both glaucomatous and normal eyes. Importantly, the retinal localization of Hsp90 
was similar to GFAP, a glial cell marker, in glaucoma eyes. It is well established that 
retinal glial cells are stimulated with glaucomatous neuropathy (Tanihara et  al. 
1997). Moreover, Müller cells have been detected to generate Hsp90 under heat 
shock stress 32 and to produce neuroprotective cytokines like ciliary neurotrophic 
factor after retinal injury (Honjo et al. 2000). These cells may hold an inherent neu-
roprotective capability in the retina. The identical staining pattern of GFAP and 
Hsp90 indicated that stimulated Müller cells may be a pivotal source of the Hsp 
(Sakai et al. 2003).

9  Hsp-Inhibitors Modulate Retinal Diseases



194

9.1.8  �Role of HSP90 in Prevention of Retinal Cancer

Over-expressed Hsp90 were detected in many cancer types like retinoblastoma, 
glioblastoma (Jiang et al. 2008) and a marked increase has been detected in tumor 
development (Gyrd-Hansen et  al. 2004). Abundant oncogenically activated pro-
teins like FLT3, KIT, CDKs, AKT, and HIF are accompanied with Hsp90 (Li et al. 
2009). Among Hsp90 client proteins, many are engaged in the so-called “hall-
marks of cancer”, first proposed by Hanahan and Weinberg (2011) and subse-
quently participate in tumorigenic cell stabilization comprises protein kinases. The 
tyrosine kinase inhibitor resistance might be treated by Hsp90 inhibition, which 
supposes that the drug opposition in cancer may be dependent on the Hsp90 func-
tion due to their abilities as the chaperones to protect the oncoproteins against 
degradation (He et al. 2013).

Survivin, a suppressor of apoptosis (IAP) gene family member, is one of the 
Hsp90 client proteins which is over-expressed in abundant cancers containing reti-
noblastoma (Sudhakar et al. 2013). Survivin shows a multifaceted role in apoptosis 
suppression, cell division, tumor development and cell cycle organization in differ-
ent clinical cancers (Kanwar et al. 2013). Inhibition of Survivin causes mitochon-
drial apoptosis, suppresses cell proliferation and thus elevates the receptivity of 
tumor cells to chemotherapy (Trabulo et al. 2011).

Hsp90 regulates proteostasis of Survivin by refolding the unfolded/denatured 
protein to a native state. Hsp90-Survivin can act as a possible aim for RB cancer 
therapy because the percentage of Survivin and Hsp90 is detected to be high (Jiang 
et  al. 2008). Targeting the ATP-binding pocket of Hsp90 disrupts of Hsp90/
Survivin physical interaction and suppresses the downstream signaling cascade of 
Survivin, resulting in the ubiquitination and inhibition of Survivin signaling path-
ways leading to tumor growth cease (Meli et al. 2006). These detections suggest 
the strong possibility of targeting Hsp90-Survivin interaction as an adjuvant ther-
apy in RB control.

9.2  �Conclusions

Finally, we can conclude that cell stress especially heat stress is one factor that trig-
gers the onset and progression of Hsp90 in cancer and neurodegenerative diseases 
where we show the significant impact of Hsp90 on tissues and retina. Thus, the dif-
ferent dynamics and conformational changes of Hsp90 and client proteins could be 
obviously a landmark for different mechanisms, binding sites and binding ability of 
Hsp90 for stress response due to the failure of meeting the energy demand which 
induced by heat stress. Therefore further understanding in the relationship between 
the client proteins that can be chaperoned by Hsp90 and Hsp90 inhibitors is required 
for future therapies and the way to control these inhibitors at a physiological level 
and subsequently removing the factor causing protein unfolding and degradation 
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without affecting the homeostasis of the tissue will be a step forward in treating 
cancer in general and other aged related diseases of the retina specially AMD.
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