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Heat shock proteins (Hsps) are ubiquitous and
conserved molecules whose main function is to facilitate
protein folding (molecular chaperone function). Some
Hsps such as Hsp70 are also involved in protein folding,
protein trafficking and ubiquitination of misfolded
protein to facilitate their degradation (Bukau and
Horwich, 1998). Hsps occur in functional networks and
hence their coordinated expression is important in
proteostasis. Some Hsps are stress-induced while others
are expressed constitutively. Because of their role as
sentinels of protein folding, it is not surprising that some
Hsps are essential and for this reason, they constitute
potential drug targets (Whitesell and Lindquist, 2005).
However, their high conservation is a snag to their
prospects as drug targets. In spite of this, drugs
targeting some Hsps especially Hsp90 show great
potential and some of them have entered clinical trials
for cancer treatment (Jhaveri et al., 2012). In addition,
there are prospects to target Hsps in treatment of
infectious diseases such as malaria (reviewed in
Shonhai, 2010; 2014).
Several factors appear to make Hsps ideal as
druggable targets. The function of some Hsps is
regulated by nucleotides. For example, Hsp70 and
Hsp90 which constitute the most prominent druggable
Hsps are ATPases. For this reason some of the most
notable inhibitors of Hsps are ATP mimicks and other
compounds that inhibit their ATPase activity
(Banumathy et al., 2003; reviewed in Shonhai, 2010). In
addition, the basal ATPase activities of Hsp90 and
Hsp70 from different organisms is known to vary
(Matambo et al., 2004; Vali et al., 2010). The ATPase
activity of Hsp90 is known to increase up to 10 fold in
cancer cells compared to its activity in normal cells
(Vali et al., 2010). The enhanced activity of Hsp90 is
thought to increase its client protein-processing turnover
rate. Since some of Hsp90’s client proteins are involved
in signal transduction, it is conceivable that they are
implicated in the development of cancer.
Some motifs of Hsps are structurally divergent across
species. For example, Hsp70s contain a fairly divergent
C-terminal Peptide Binding Domain (PBD). Some
proline-rich antibacterial peptides that target the PBD of

DnaK (bacterial Hsp70) were reported not bind to human
Hsp70 (Otvos et al., 2000). Hsp70s also possess
sequence divergence in motifs that physically interact
with their nucleotide exchange factors and for this
reason, Hsp70s exhibit variable nucleotide exchange
rates (Brehmer et al., 2001). Therefore nucleotide
exchange of Hsp70 represents a functional aspect that
could potentially be targeted in drug design.
Hsps exist in functional networks and therefore by
abrogating their interaction it is possible to interfere
with their function. For example, it is estimated that
Hsp90 associates with at least 300 possible interactors
(da Silva and Ramos, 2012). Although Hsp70 may
interact with a smaller number of co-chaperones
(molecules that regulate the chaperone activity of Hsps)
compared to Hsp90, the former also associates with
several cofactors such as Hsp40s. Hsp40s serve as
substrate scanners of Hsp70 (Rüdiger et al., 2001).
Therefore their role is to deliver substrates to Hsp70 as
well as modulate its basal ATPase activity (Cyr et al.,
1994; Cheetham and Caplan, 1998). The distribution of
co-chaperones varies between species and between
humans and parasites. For example, Plasmodium
falciparum (the main agent of malaria) and Trypansoma
brucei (which causes sleeping sickness in humans)
possess a much bigger complement of Hsp40s than
humans (Njunge et al., 2013; Burger et al., 2014). Some
compounds that selectively target the interaction of Hsp40
with Hsp70 in malaria parasites have been shown to
exhibit limited cytoxicity to human cells (Cockburn et al.,
2011). Based on genomic data, it has been proposed that
not all of 10 common co-chaperones of Hsp90 occur in
obligate human parasites, suggesting that the distribution
of co-chaperones of Hsp90 varies across species
(Johnson and Brown, 2009).
There is growing evidence that the minor sequence
variation between Hsps from malaria parasites represent
adequate structural variation to facilitate their selective
inhibition with minimum effects on their human
counterparts (Cockburn et al., 2011; Wang et al., 2014).
The variable post-transitional modifications that Hsp
homologues undergo in different organisms and in
diseased-and non-diseased cells presents make them
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functionally unique. For example, the phosphorylation of
Hsp90 is known to regulate its chaperone function and
hence its role in cell signaling (Mollapour et al., 2010).
In addition, the expression levels of Hsps also vary in
cancer and normal cells (Ghosh et al., 2008).
One of the major obstacles in targeting Hsps in
drug design is that inhibition of one isoform of the
protein could lead to up-regulation of another to
provide compensatory function. It has been shown
that down-regulation of either inducible or
constitutively expressed Hsp70 did not result in the
arrest of cancer cell growth (Schlecht et al., 2013).
The cancer cells were only challenged when both the
constitutive and inducible forms of the proteins were
down-regulated (Schlecht et al., 2013). In addition,
inhibition of Hsp90 has been shown to induce Hsp70
and Hsp27 (reviewed by Franke et al., 2013).
Therefore targeting the functional association of
Hsp70 and Hsp90 might be a more effective
intervention than inhibiting each of the two molecular
chaperones. Hsp70-Hsp90 organising protein (Hop)
also known as Sti1 (Nicolet and Craig, 1989) serves as
a module that brings Hsp70 and Hsp90 in a functional
complex. A compound that inhibits Hop-Hsp90
association was shown to be lethal to cancer cells
(Pimienta et al., 2011). Plasmodium falciparum Hop
(PfHop) is fairly divergent from its human equivalence
and for this reason, it has been proposed as a possible
antimalarial drug target (Gitau et al., 2012).
Although Hsps are conserved, there is a growing
body of evidence suggesting that Hsps are potential drug
targets in spite of their conservation. The variable
functional features that Hsps exhibit in normal versus
diseased cells present an opportunity for possible
selective inhibition of their function in target tissues. In
addition, although apparently small sequence variations
exist between Hsp homologues from parasites in
comparison to their human counterparts, the fact that
Hsps from a particular species may possess unique
chaperone and co-chaperone partners presents a bottleneck for their selective inhibition. Since the function of
proteins depends on their proper folding, inhibition of
Hsps in combination drug therapies offers a promising
prospect (Pesce et al., 2010; Shonhai, 2010). For
example, compounds that inhibit Hsp90 have been
shown to reverse chloroquine resistance in malaria
parasites (Shahinas et al., 2013).
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