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Abstract

Breast cancer is the most common cancer among women worldwide. Researches show that Aurora kinase A (AURKA) is
highly expressed in approximately 73% of breast cancer patients, which induces drug resistance in breast cancer patients
and decreases the median survival time. AURKA regulates spindle assembly, centrosome maturation, and chromosome
alignment. AURKA overexpression affects the occurrence and development of breast cancer. Besides AURKA overexpres-
sion, heat shock protein 90 (HSP90) maintains the survival and proliferation of tumor cells by stabilizing the structure of
oncoproteins, including P53 mutants (mtP53). TP53 mutations accounted for approximately 13%, 40%, 80%, 33%, 71%, and
82% of luminal A, Luminal B, Luminal C, normal basal-like, HER2-amplified, and basal-like breast cancers, respectively.
TP53 mutation can aggravate cell genome instability and enhance the invasion, migration, and resistance of cancer cell.
This review describes the research status of AURKA and HSP90 in breast cancer, summarizes the structure, function, and
the chaperone cycle of HSP90, elaborates the interrelation between HSP90, mtP53, P53, and AURKA, and proposes the
combination of HSP90 inhibitor and AURKA inhibitor to treat breast cancer. Targeting AURKA and HSP90 to treat cancer
with AURKA overexpression and TP53 mutations will help improve the specificity and efficiency of breast cancer treatment
and solve the problem of drug resistance.
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Introduction

According to the report of the International Agency for
Research on Cancer, Female breast cancer has now sur-
passed lung cancer as the leading cause of global cancer
incidence in 2020, with an estimated 2.3 million new cases,
representing 11.7% of all cancer cases. It is the fifth lead-
ing cause of cancer mortality worldwide, with 685000
deaths [1]. Breast cancer is a heterogeneous tumor, with
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substantial genotypic and phenotypic diversity. Through
study of human gene expression profiles, breast cancer can
be classified into six subtypes, including luminal A, luminal
B, luminal C, normal basal-like, epidermal growth factor
receptor 2-amplified, and basal-like cancers [2]. According
to the immunohistochemical expression of estrogen receptor
(ER) or progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2), breast cancer was classi-
fied into four subtypes: ERTPRTHER2*, ER*PRTHER2",
ER"PR"HER2*, and ER"PR"HER2™ [2]. Breast cancer
described as ER"TPRTHER2™ subtype belongs to the basal-
like subtype, also known as triple-negative breast cancer
(TNBC) [3]. Notably, TNBC accounts for 15-20% of all
breast cancers [4]. TNBC is an aggressive breast cancer sub-
type that carries a high risk of developing distant metastasis,
so TNBC urgently needs new and effective treatment [5].
Metaplastic breast carcinoma (MPBC) accounts for 0.2-5%
of all breast cancers and is typically very aggressive, with
worse clinical outcomes than TNBC [6]. Comprehensive
genomic profiling was reported in the largest dataset of
MPBC, which revealed a wide variety of genomic alterations
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with a high prevalence of TP53 (65%) mutations, which
may represent potential therapeutic targets [7]. Treatments
of breast cancer includes surgery, radiotherapy, endocrine
therapy, chemotherapy, and targeted therapy. MPBC is rou-
tinely treated with chemotherapy, surgery, and radiation,
but outcomes remain poor [8]. While treatment strategies
that combine surgery with adjuvant chemotherapy improve
survival rates, a significant portion of patients eventually
acquire resistance to chemotherapeutic agents. Current meta-
static therapies are expensive, often toxic, and doomed to the
eventual development of drug resistance [9]. Thus, strategies
to overcome chemoresistance are urgently needed, such as
effective targeted therapy.

AURKA, an evolutionarily conserved serine/threo-
nine kinase, is great significance for the normal progress
of the cell cycle [10]. It mainly includes two domains: the
N-terminal modulatory domain and the C-terminal catalytic
domain. At the N-terminus, there are two functional regions,
A-Box and B-Box, which are related to the degradation of
AURKA. At the C-terminus, the phosphorylation level of the
C-terminal threonine is related to the activation of AURKA
[11]. AURKA regulates mitotic entry, spindle assembly
checkpoint, centrosome maturation, centrosome separation,
and chromosome alignment [12]. In breast cancer, AURKA
is highly expressed in approximately 73% of breast cancer
patients, which induces drug resistance in breast cancer
patients and decreases the median survival time [13]. Recent
studies suggest that the kinase activity of AURKA is respon-
sible for chemoresistance [4, 14].

In malignant cells, HSP90 expression is constitutive,
which is 2—-10 times that of normal cells, suggesting that it
plays an important role in the survival and growth of cancer
cells [15]. It was found that the interaction of the mtP53
DNA-binding domain with the chaperone HSP90 is impor-
tant for the stability and activity of mtP53 in vivo [16]. TP53
deletion or mutation can also aggravate the host cell genome
instability, increase the risk of cancer, and enhance the inva-
sion, migration and resistance of cancer cells, which is an
important reason for the poor prognosis of patients [17].
TP53 mutations accounted for approximately 13%, 40%,
80%, 33%, 71%, and 82% of luminal A, Luminal B, Luminal
C, normal basal-like, HER2-amplified, and basal-like breast
cancers, respectively [2]. P53 is encoded by the TP53 gene,
which suppresses cancer primarily by protecting genome sta-
bility. It includes six domains: two N-terminal transactiva-
tion domains, a proline-rich domain, a central DNA binding
domain, a tetramerization domain, and a C-terminus Modu-
latory domain [18]. TP53 is the most frequently mutated
gene across all cancer types, and around 50% of human can-
cers harbor mtP53 [19]. TP53 mutations are associated with
de novo resistance to doxorubicin in breast cancer patients.
Because TP53 mutations are diverse in their sequence con-
text, position, and structural impact, the drugs research for
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mtP53 have high cost and little applicability. Moreover, there
are different mtP53 in the same cancer, resulting it more dif-
ficult and less effective to develop drugs for mtP53.

This review summarizes the structure, function and chap-
erone cycle of HSP90, analyzes the interrelation between
HSP90, mtP53, P53, and AURKA, and proposes targeting
HSP90 and AURKA to treat breast cancer with AURKA
overexpression and TP53 mutations, which will help to
improve the specificity and efficiency of breast cancer treat-
ment and solve the problem of drug resistance. This review
will promote the research of AURKA, HSP90 and P53, and
bring new strategies for solving the problem of drug resist-
ance and improving the effectiveness of cancer treatment.

AURKA and breast cancer

AURKA is overexpressed in 96% of human cancers and is
considered an independent marker of poor prognosis. While
the majority of tumors have elevated levels of AURKA pro-
tein, few have AURKA gene amplification [20]. As men-
tioned above, about 73% of breast cancer patients have high
AURKA expression, which induces drug resistance in breast
cancer patients and reduces the median survival time [13].
Increased expression of AURKA is observed in prevalent
cancers and associated with poor prognostic and the devel-
opment of drug resistance. In addition, some chemotherapy
drugs can reduce the expression of this gene [21]. Stud-
ies in different cancer cell lines have shown that AURKA
overexpression changes the sensitivity to microtubule drugs
and leads to chemotherapy resistance [22, 23]. Abnormal
expression and location of AURKA regulates the occurrence
and development of tumors through various mechanisms.
The main pathways include: accelerating tumor cell cycle
progression, activating tumor cell survival or anti-apoptotic
signaling pathways, inducing tumor cell genome instabil-
ity, increasing tumor cell epithelial-mesenchymal transition
and promoting the formation of tumor stem cells with self-
renewal ability [11]. The carcinogenic effects of AURKA
may be different in different types of cancer [24]. In breast
cancer, one mechanism is AURKA and FOXM!1 form a posi-
tive feedback loop and jointly regulating the proliferation of
breast cancer stem cells. Kinase-dead AURKA can effec-
tively transactivate the FOXM1 promoter through a forkhead
response element, whereas FOXM1 can activate AURKA
expression at the transcriptional level in a similar manner
[25]. AURKA regulates the proliferation, infiltration and
metastasis of breast cancer cells, so AURKA inhibitors can
specifically treat breast cancer with AURKA overexpression.

HSP90 and breast cancer

HSPI90 is considered as an important facilitator for the
maintenance of malignant phenotype, because cancer cells



Medical Oncology (2022) 39:180

Page3of 10 180

generally use the chaperone machinery of HSP90 for their
survival advantage [26]. HSP90 expression is high in breast
cancer cell lines and human breast cancer [27]. HSP9O is
required for stability of proto-oncogenes, which is impor-
tant for breast cancer growth and survival, including ER,
PR, and HER2 [15]. HSP90 combines with mtP53 through
conformational specificity, leading to compound accumula-
tion of mtP53, prolonging half-life, inhibiting apoptosis, and
promoting tumor formation [28]. The main role of HSP90
in cancer is not only reflected in the stability of mtP53, but
also in the development of tumor initiating cells [29]. Early
research found that the mRNA level of HSP90 in breast can-
cer tissues was significantly higher than that in non-cancer-
ous tissues, and it was closely related to the expression index
of proliferating cell nuclear antigen. Poorly expressed can-
cer tissues are significantly higher than well-differentiated
breast cancer tissues [30]. Currently, blocking the function
of HSP90 has shown encouraging results in clinical trials
for several cancers including breast cancer [30]. Therefore,
HSPI0 inhibitors are effective in the treatment of breast can-
cer with P53 mutants.

HSP90 structure and function

The HSP90 family is divided into five subfamilies: cyto-
plasmic HSP90A, endoplasmic reticulum HSP90B, mito-
chondrial TNFR-related protein, chloroplast HSP90OC, and
bacterial high-temperature protein G. Cytoplasmic HSP90
is the most important of the five HSP90 subfamilies, with
three major conserved domains: N-terminal domain (NTD),
middle domain (MD), and C-terminal domain (CTD). In
eukaryotic cells, there is a charged junction region between
NTD and MD, which facilitates HSP90 to change the con-
formation and bind to co-chaperones. NTD binds to adenine
nucleoside triphosphate, known as a nucleotide binding site,
and mediates the chaperone function of HSP90. MD binds to
co-chaperones to act on client proteins and regulate molec-
ular chaperone function. CTD is responsible for HSP90
dimerization and also contains a special motif, MEEVD,
which binds co-chaperones. The mammalian cytoplasmic
HSPIO is classified into HSP90a and HSP90p, based on
whether it contains glutamic acid fragments [31]. In human
cytoplasm, HSP90« is abundantly expressed after stimula-
tion and HSP90 is constitutively expressed. Cytoplasmic
HSP90 mainly exists as homodimer ao or B, HSP90B is the
major form of HSP90 involved in normal cellular functions,
such as maintenance of the cytoarchitecture, differentiation,
and cytoprotection. The amino acid sequence homology of
HSP90a and HSP90 is about 85% [26].

Cytoplasmic HSP90 guides the normal folding, localiza-
tion, and degradation of critical regulators of cell growth,
differentiation, and survival [32]. HSP90 plays a molecular
chaperone role by relying on ATP to cycle between closed

and open conformations. When NTD binds to ATP, the con-
formation of HSP90 changes, CTD and MD bind to the co-
chaperones that carry the client protein, and the two dimers
of NTD form a closed state due to binding to ATP, allow-
ing the HSP90 client protein to function in a stable state;
when the NTD-bound ATP is hydrolyzed to ADP, the con-
formation of HSP90 changes [33]. HSP90 can stabilize the
structure of these client proteins to ensure proper function
and stress response. Extracellular HSP90 includes HSP90
bound on the cell surface, HSP90 released by the cell, and
HSPI0 secreted by the cell. Extracellular HSP90 is emerging
as a pivotal regulator of cell motility, invasion, and metas-
tasis [34]. HSP9O0 is closely related to the occurrence and
development of breast cancer, and it stabilizes the structure
of oncoproteins and maintains the survival and prolifera-
tion of tumor cells. Therefore, the degradation of oncogenic
proteins by inhibiting the function of HSP90 is a promising
method for treating tumors.

HSP90 chaperone cycle

Because HSP90 ATPase activity plays a decisive role,
HSPI90 chaperone cycle is also called HSP90 ATPase cycle
[35]. For different client proteins, there are certain differ-
ences in the conformational changes of HSP90, the types of
co-chaperones involved, and the time of entry in the HSP90
chaperone cycle. These differences have led to HSP90 being
able to stabilize different client proteins in a variety of man-
ners, but the HSP90 chaperone cycle of the same type of
client protein is basically similar. Figure 1 illustrates the
HSP90 chaperone cycle and substrate degradation using
the kinase CRAF and the transcription factor glucocorti-
coid receptor (GR) as examples. HSP90 exists as an open
homodimer in cells. When the ATP is bound to the NTD of
HSP90, the N-terminus of HSP90 is brought closer to each
other. When the client protein is the kinase CRAF, Cdc37
first binds CRAF. Then Cdc37 binds to the NTD of HSP90
activated by ATP. The conformation of HSP90 changes after
binding Cdc37, which enables PP5 to bind to the MD and
MEEVD of HSP90. The conformation of HSP90 changes
again and Ahal binds to the HSP90 complex, resulting in
a change in the kinase conformation to stable. With the
release of the phosphate group, the co-chaperones, CRAF
and HSP90 separated, and HSP90 returned to the open state.
If the kinase CRAF folds abnormally, it causes the E3 ligase
HECTD?3 to bind to CRAF, causing the abnormal CRAF to
be degraded by the ubiquitin—proteasome pathway [36, 37].
When the client protein is the GR, the Hop protein binds to
the MEEVD, CTD, and MD of ATP-activated HSP90, and
the conformation of HSP90 does not change significantly.
HSP70 and HSP40 bind to GR and interact with Hop, the
conformation of HSP90 does not change significantly. Then
a molecule of PPlase binds to the HSP90 molecule that does
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Fig. 1 HSP90 chaperone cycle of CRAF (left side) and GR (right side). HSP90 co-chaperones regulate the formation of client complexes with
the HSP90 dimer and affect the conformational changes in the HSP90 dimer

not bind to Hop, resulting in the separation of HSP70 and
HSP40 from the HSP90 complex. Subsequently, P23 binds
to the NDT of HSP90, and the Hop is separated from the
HSP90 complex. HSP90 binds to the second PPlase mol-
ecule, which causes the GR conformation to be changed
and stabilized. With the release of the phosphate group, the
co-chaperones, GR and HSP90 are separated, and HSP90
returns to the open state [38]. If GR folds abnormally, it
will cause the C-terminus of the HSP70 interacting protein
(CHIP) to bind with HSP70, which will cause the GR com-
plex to leave HSP90, the GR complex will dissociate, and
then GR will be ubiquitinated by Ubc5/Ubc4 E2 binding
enzyme and CHIP. Finally, the abnormal GR is degraded by
the ubiquitin—proteasome pathway [39].

The interrelation of HSP90, mtP53, P53, and AURKA

HSP90 maintains P53 activation status through the HSP90
chaperone cycle and regulates P53 degradation through the
ubiquitin—proteasome system [40]. Study has shown that
HSP90 and P53 are combined through a number of short-
term interactions, and finally adopt a molten globular state
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[41]. This mutant allele produces the abnormal protein
mtP53, which not only loses the tumor suppressing func-
tion, but also promotes the malignant progression, invasion,
metastasis, and drug resistance of cancer, leading to reduced
survival of patients and mice. Stability of mtP53 in tumor
cells is a prerequisite for obtaining oncogenic function. The
reason for stability is that the HSP90O/HDAC6 chaperone
mechanism protects mtP53 from degradation by CHIP and
HDM2 [42]. Both P53 and mtP53 are mediated by HSP90,
but compared to P53, the abnormally conformed mtP53
needs to form a complex with HSP90 to prevent aggrega-
tion, and the interaction between mtP53 and HSP90 blocks
the E3 ligase activity of endogenous HDM?2 and CHIP [28].
In normal cells, it is mainly HDM2 that binds P53 to degrade
it. In tumor cells, MDM2 may be mutagenized and inac-
tivated in the trimer complex of the mutant P53-MDM?2-
HSP90, and proposes that HSP90 binding may mask the
ARF binding site is thus inhibited by its ligase function [28,
43]. Because there are too many P53 mutants, it is a good
solution to treat mtP53 tumors by inhibiting HSP9 activity,
so that mtP53 is degraded. Ganestespib is a highly effective
synthetic HSP90 inhibitor, killing cancer cells containing
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mutant P53 (but not wild-type P53) is significantly more
effective than 17AAG [40]. In addition to stabilizing onco-
gene activity in tumors, HSP90 also participates in the evo-
lution of tumor drug resistance [44]. HSP90 can inhibit the
activity of the proto-oncogene HDM?2 and lead to the accu-
mulation of mtP53, so inhibition of HSP90 will reduce the
tumor cell activity of mtP53 [28, 45]. In human cancer cells,
mtP53 can interact with HDM2, but mtP53 lacks ubiquit-
ination and extremely stable. The reason is the activation
of HSP90 and the inhibition of HDM2 and CHIP activity.
Compared to HDM2, ubiquitination degradation of mtP53 is
mainly mediated by CHIP, so inhibition of HSP90 can sig-
nificantly reduce mtP53 in TP53 mutation tumors. Treatment
of cancer cells with 17-AAG leads to the degradation of dif-
ferent P53 mutants, including R175H, L194F, R273H, and
R280K, and the reduced viability of cancer cells containing
these P53 mutants [28]. CHIP is also an E3 ligase for HSP70
and HSP90 [46]. Recent studies have confirmed that CHIP
can mediate the ubiquitination of HSP90 on 13 lysine resi-
dues such as K107, K204, K219, K275, K284, K347, K399,
K477, K481, K538, K550, K607, and K623. Polyubiquitin
chains are linked via K6, K11, K48, and K63 [46].
Activated AURKA regulates the expression of P53 by
inducing the phosphorylation of P53 and the phosphoryla-
tion site of P53 are Ser315, Ser215, and Ser106. P53 phos-
phorylation on Ser315 promotes the binding of MDM2 to
P53 and increases the degradation of P53 [47]. P53 phos-
phorylation on Ser215 results in weakened P53 binding
to DNA, loss of transactivation activity, decreased P21
expression, binding of CDK2 and phosphorylated Rb pro-
tein (pRb) in the nucleus, and enhanced AURKA expression
[48]. P53 phosphorylation on Ser106 weakens the binding
of P53 to MDM2, reduces the ubiquitination of P53, and
prolongs the half-life of P53 [49]. AURKA and P53 form
a feedback loop. P53 negatively regulates AURKA expres-
sion after transcription and translation [50]. The important
function of P53 is to bind to the promoter region of P21 and
promote the expression of P21. P21 binds to CDK2 in the
nucleus and inhibits the expression of AURKA. P53 can
inhibit the phosphorylation of AURKA, thereby inhibiting
AURKA activation. After mutant MDM?2 fails to bind to
P53 or MDM?2 is inhibited by RNA interference, the dam-
aging effect of AURKA on P53 is eliminated. Silencing
AURKA can reduce the phosphorylation of P53 at Ser315,
enhance the stability of P53, and achieve cell cycle arrest at
G2-M [51]. In prostate small cell neuroendocrine cancer,
mtP53 promotes the expression of miR-25, thereby induc-
ing AURKA overexpression to make the disease worse [52].
These findings suggest that the relationship between HSP90,
mtP53, P53, and AURKA may be important in anti-cancer
treatment. The interaction between HSP90 and AURKA is
closely related to tumor development and drug resistance.
Therefore, in the study of tumor drugs, we need to consider

the interaction of AURKA and P53 [51]. The interaction
between HSP90, mtP53, P53 and AURKA is summarized in
Fig. 2, which will bring new ideas for solving the problem of
drug resistance and improving the effect of cancer treatment.

AURKA inhibitors

AURKA inhibitors can be divided into two categories:
specific AURKA inhibitors, such as MLN8054, MLLN8237
(Alisertib), and ENMD-2076; broad-spectrum Aurora
kinase inhibitors, such as AMG-900, PF-3814735, AT9283
and Curcumin (Table 1). With the development of AURKA
inhibitors, it has been found that the antitumor effect of
AURKA is closely related to the degradation and activity
of P53. MLN8054 is an ATP competitive AURKA inhibi-
tor, and had completed phase I clinical trials in patients with
advanced solid tumors [53]. Elevated expression of AURKA
adversely affects prognosis in estrogen receptor (ER)—posi-
tive and HER2-negative and triple-negative breast cancer
and is associated with resistance to taxanes. In this rand-
omized clinical trial including 139 patients, the addition
of oral MLN8237 to a reduced dose of weekly paclitaxel
significantly improved progression-free survival compared
with paclitaxel alone, and toxic effects with paclitaxel plus
MLN8237 were manageable with MLLN8237 dose reduc-
tion [54]. ENMD-2076 treatment resulted in partial response
or clinical benefit lasting more than 6 months in 16.7% of
patients with pretreated, advanced, or metastatic TNBC.
Treatment with ENMD-2076 resulted in a decrease in cel-
lular proliferation and microvessel density and an increase in
p53 and p73 expression, consistent with preclinical observa-
tions [55].

AMGOI00 is an investigational, oral, selective pan-
Aurora kinase inhibitor. AMG900 40 mg/day with granu-
locyte colony-stimulating factor had manageable toxicity
and demonstrated single-agent activity in patients with
heavily pretreated, chemotherapy-resistant ovarian can-
cer [56]. PF-03814735 is an oral ATP competitive inhibi-
tor of AURKA and AURKB, and is generally well tol-
erated with manageable toxicities [57]. A phase II study
has determined the efficacy and toxicity of PHA-739358
in patients with metastatic remover prostate cancer under
two different intravenous regiments. PHA-739358 showed
in vivo antitumor activity in a prostate cancer model and
was well tolerated [58]. In 2019, AT9283 in children and
adolescents with relapsed and refractory solid tumors was
completed, but the results are to be announced. In 2019,
Phase II Study of Curcumin vs Placebo for Chemotherapy-
Treated Breast Cancer Patients Undergoing Radiotherapy.
The primary outcome to be measured will be the change in
NF-kB DNA binding (measured in peripheral blood mono-
nuclear cells as ng/well) after 6 weeks of treatment with
daily placebo or Meriva. NF-kB DNA binding and has
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Fig. 2 Interrelation of HSP90, mtP53, P53, and AURKA. A. HSP90 chaperones with P53 in the cytoplasm. B. HSP90 chaperones with mtP53 in

the cytoplasm

Table 1 Two categories of

RS Inhibitors Target Method Disease Phase References

AURKA inhibitors for breast

cancer from clinical trials MLN8054 AURKA oral Advanced solid tumors I [53]
MLNS8237 AURKA oral Metastatic Breast Cancer 11 [54]
ENMD-2076 AURKA oral Triple negative breast cancer I [55]
AMG-900 Pan-Aurora iv Advanced solid tumors 1 [56]
PF-03814735 Pan-Aurora oral Advanced solid tumors 1 [57]
AT9283 Pan-Aurora iv Refractory solid tumors I -
Curcumin Pan-Aurora oral Breast cancer I -

iv intraperitoneal injection

been associated with fatigue in breast cancer patients. The
secondary outcome to be measured will be the change in
plasma sTNFR2 (in pg/ml) after 6 weeks of treatment with
daily placebo or Meriva. Plasma sTNFR2 is a downstream
mediator of NF-kB DNA binding and has been associ-
ated with fatigue in breast cancer patients. Curcumin is
derived from turmeric. Oral curcumin is well tolerated
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and, despite its limited absorption, has biological activity
in some patients with pancreatic cancer [59]. The above
AURKA inhibitors have shown therapeutic effects on can-
cer to varying degrees, so AURKA as a target to treat
AURKA overexpression in breast cancer is expected to
improve the treatment effect of breast cancer and solve the
problem of chemotherapy resistance.
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HSP90 inhibitors

HSP90 exists mainly in inactive form in normal somatic
cells and in highly active form in cancer cells [60]. The sig-
nificant advantage of HSP90 inhibitors is to simultaneously
promote the degradation of multiple oncogenic proteins,
thereby blocking multiple carcinogenic pathways. HSP90
inhibitors are divided into three categories based on their
binding sites: NTD inhibitors, MD inhibitors, and CTD
inhibitors. At present, most active HSP90 inhibitors are
NTD inhibitors, including 17-AAG, IPI-504, 17-DMAG
(Retaspimycin), STA-9090 (Ganetespib), and AUY922,
while CTD inhibitors only found that BIIBO21 has a good
inhibitory effect on HSP90 [61]. According to their struc-
tural categories, HSP9O0 inhibitors are divided into three cat-
egories: Geldanamycin analoges, such as 17-AAG, IPI-504
and 17-DMAG:; Resorcinol derivatives, such as STA-9090,
AUY922; Purine analoges, like BIIBO21. Some completed
clinical studies of these HSP90 inhibitors are summarized
in Table 2. Because 17-AAG inhibits signaling through
the RAS/RAF/MEK/ERK and PI3K pathways, combining
17-AAG with carboplatin/paclitaxel can be beneficial in
treating breast cancer. 17-AAG provides better anti-tumor
activity and clinical efficiency when is combined with
carboplatin/paclitaxel compared to when those agents are
used alone. In addition, combining 17-AAG with antitumor
agents can prevent the development of drug resistance in
cancer treatment [62]. A multicenter trial evaluates IPI-504
plus trastuzumab in patients with advanced or metastatic
HER2-positive breast cancer [63]. 17-DMAG as a semi-
synthetic derivative of geldanamycin, has several advan-
tages over 17-AAG such as higher water solubility, good
bioavailability, reduced metabolism, and greater anti-tumor
capability. 17-DMAG binds to HSP90 and inhibits its func-
tion, eventually leading to the degradation of HSP9O client
protein [64]. STA-9090 (Ganetespib) is a HSP90 inhibitor
with clinical benefit due to the clinical efficacy of meta-
static breast cancer, but it has gastrointestinal toxicity [65].
NVP-AUY922 is an ATP competitive HSP90 inhibitor, and
it potently inhibits growth in a variety of tumor xenografts
in vivo and phase I of clinical study. Phase Ib/II study to
determine the maximum tolerated dose of NVP-AUY922

in advanced solid malignancies, and efficacy in HER2 + or
ER +locally advanced or metastatic breast cancer patients
is under study. Schedule Finding of BIIBO21 Plus Aroma-
sin in hormone receptor positive metastatic breast cancer
are not yet available. BIIBO21 is an oral HSP90 inhibitor,
which has a better affinity for HSP90 than 17-AAG, and
may have better antitumor activity against resistant organs
such as adrenal, brain, and testicular tumors [66]. HSP9O is
highly expressed in a variety of cancers, so the combination
of HSP90 and AURKA is better for the treatment of cancer
with AURKA overexpression and TP53 mutations. Selection
of HSP90 inhibitor will be the research direction and focus
of cancer treatment.

Discussion

Some progress has been made in the treatment of breast
cancer, but the recurrence and metastasis of breast cancer
have become difficult to overcome. It is known that drug
resistance is an important cause of breast cancer recurrence.
The development of chemoresistance is a major hindrance to
the effective treatment of cancer. Therefore, how to under-
stand and circumvent the mutual resistance between treat-
ments and improve the effect of combination therapy is a
problem that needs to be solved urgently in clinical practice,
and it is also a hot spot for basic research. A large num-
ber of solid tumors show AURKA overexpression and P53
mutations, and it is considered to be related to poor tumor
treatment efficacy and drug resistance. AURKA overexpres-
sion is strongly associated with decreased survival and is
an independent prognostic marker [67]. Abnormal expres-
sion of AURKA leads to functional defects of the centro-
some and disturbance of the bipolar spindle, which leads to
asymmetric separation of chromosomes during cleavage and
induces chromosomal instability, thereby obtaining activa-
tion of oncogenes or inactivation of tumor suppressor genes.
The aurora kinases are a family of serine-threonine kinases
integral to mitotic cell division and have recently emerged
as novel anti-cancer targets. Indeed, it is unlikely that such
would be the case: a genomic analysis of 100 primary breast
cancers suggested that single driver mutations were found

Table 2 Three categories of HSP90 inhibitors for breast cancer from clinical trials

Site Structure class Inhibitor Tumor type Phase References
NTD Geldanamycin analoges 17-AAG Breast cancer 1I [62]

NTD Geldanamycin analoges IPI-504 + Trastuzumab Breast cancer 1I [63]

NTD Geldanamycin analoges 17-DMAG Breast cancer I [64]

NTD Resorcinol derivatives STA-9090 Metastatic Breast Cancer 1I [65]

NTD Resorcinol derivatives NVP-AUY922 + Trastuzumab Breast cancer Ib/1I -

CTD Purine analoges BIIB021 Metastatic Breast Cancer I -
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in only 28% of cases, and some cancers had as many as six
driver mutations [68].

For TP53 mutations, there was an article presented
data linking specific mutations in the TP53 gene to pri-
mary resistance to doxorubicin therapy and early relapse in
breast cancer patients [42]. P53 mutation exacerbates host
cell genome instability, increases the risk of cancer, and
enhances the invasion and migration and resistance of cancer
cells, which is an important reason for the poor prognosis
of patients with P53 mutation tumors [45]. Due to too many
types of P53 mutations, the design of drugs targeting mtP53
is difficult and the application is limited, so better alterna-
tive treatments need to be found. Research has shown that
HSPI0 is important for the stability and activity of mtP53
in vivo [16, 26]. Therefore, AURKA and HSP9O0 are very
good targets for the treatment of breast cancer with AURKA
overexpression and TP53 mutations. Moreover, compared
with single drug therapy in the treatment of cancer, the
combination of AURKA inhibitor and HSP90 inhibitor can
reduce the side effects and drug resistance caused by over-
dose of a certain drug. Besides mtP53, HSP90 inhibitor can
promote the degradation of many other oncogenic proteins.
Because HSP9O0 inhibitor achieves "multi-point attack", it
has a good effect in treating tumors [69]. In order to reduce
the side effects of HSP90 inhibitor, we need to screen HSP90
inhibitor with minimal side effects and combine other drugs
to reduce the dosage of HSP90 inhibitor.

Conclusion

In summary, the combination of AURKA inhibitor and
HSPI90 inhibitor to treat cancer with AURKA overexpres-
sion and TP53 mutations is a promising treatment strategy.
This review describes the research status of AURKA and
HSP90 in breast cancer, summarizes the structure, function,
and the chaperone cycle of HSP90, elaborates the interrela-
tion between HSP90, mtP53, P53, and AURKA, and pro-
poses targeting HSP90 and AURKA to treat breast cancer
with AURKA overexpression and TP53 mutations. Through
this review, we hope to promote the research of HSP90,
mtP53, P53, and AURKA, bring more good strategies for
cancer treatment, solve the problem of drug resistance and
improve the therapeutic effect of cancer.
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