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Abstract

Metastatic differentiated thyroid cancers (DTC) are resistant to traditional chemotherapy.
Kinase inhibitors have shown promise in patients with progressive DTC, but dose-limiting
toxicity is commonplace. HSP90 regulates protein degradation of several growth-mediating
kinases such as RET, and we hypothesized that HSP90 inhibitor (AUY922) could inhibit RET-
mediated medullary thyroid cancer (MTC) as well as papillary thyroid cancer (PTC) cell
growth and also radioactive iodine uptake by PTC cells. Studies utilized MTC cell lines TT
(C634W) and MZ-CRC-1 (M918T) and the PTC cell line TPC-1 (RET/PTC1). Cell viability was
assessed with MTS assays and apoptosis by flow cytometry. Signaling target expression was
determined by western blot and radioiodine uptake measured with a gamma counter.
Prolonged treatment of both MTC cell lines with AUY922 simultaneously inhibited both
MAPK and mTOR pathways and significantly induced apoptosis (58.7 and 78.7 % reduction in
MZ-CRC-1 and TT live cells respectively, following 1 uM AUY922; P<0.02). Similarly in the PTC
cell line, growth and signaling targets were inhibited, and also a 2.84-fold increase in
radioiodine uptake was observed following AUY922 administration (P=0.015). AUY922
demonstrates in vitro activity against MTC and PTC cell lines. We observed a potent dose-
dependent increase in apoptosis in MTC cell lines following drug administration confirming
its anti-tumorigenic effects. Western blots confirm inhibition of pro-survival proteins
including AKT suggesting this as the mechanism of cell death. In a functional study, we
observed an increase in radioiodine uptake in the PTC cell line following AUY922 treatment.
We believe HSP90 inhibition could be a viable alternative for treatment of RET-driven
chemo-resistant thyroid cancers.
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Introduction

Members of the heat shock protein (HSP) family work as
molecular chaperones, ensuring homeostasis and aiding
in folding and trafficking of client proteins. HSP90 has
been shown to mediate the folding of client proteins
including signaling kinases. HSPs have become known as
central regulators, whose actions are to control the activity
of pathways such as cell proliferation and death, while
preventing the aggregation of non-native proteins (1).

HSP90 is overexpressed in cancer cells and HSP90 ATPase
activity is approximately 100 times higher in malignant
cells when compared to their non-neoplastic counterparts
(2). Indeed, cancer cells appear to be more sensitive to
inhibition of this chaperone’s activity, making it a more
specific targeted therapy (3). HSP9O0 exists as three separate
highly conserved domains; an N-terminal ATPase binding
domain, a middle domain, and a C-terminal dimerization
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domain. ATP binding triggers the closure of the ATP
pocket lid and brings the N-termini close to each other,
resulting in the formation of a compacted, ring-shaped
HSP90 dimer (4). These conformational alterations lead
to a ‘closed’ state to ‘clamp’ client proteins inside. The
ATPase activity of HSP90 itself drives the chaperone cycle
and it is this mechanism that is exploited when targeting
its inhibition (5).

HSP90 client proteins include many kinases involved
in apoptosis and signaling. These include AKT (and its
phosphorylated form), p53, Raf-1, Bcr-abl, and BRAF;
many of these are well known for the role they play in
carcinogenesis (6). Importantly, RET was also recently
classified as a direct client protein of HSP90 (7). Mutant
cells may even utilize HSP90 to compensate for their
structural instability and it has been proposed that
HSP90 is essential to the sustenance of these molecules,
without which following mutation they would be hastily
degraded (5, 6).

Geldanamycin, the first HSP90 inhibitor entered
clinical trials in 1999 and had shown promise in phase II
trials in a number of cancers, including breast, melanoma,
and multiple myeloma, summarized in (1). It has pertinent
pharmacological limitations including low water solu-
bility, instability in solution, and low oral bioavailability
(1). As well as formulation difficulties, there are significant
clinical toxicity issues when using its derivative 17-AAG
as a primary therapy. These include hepatotoxicity and
polymorphic metabolism (8). Hence, newer compounds
with similar inhibitory activity have been developed. NVP-
AUY922 is an isoxazole based compound that acts as a
competitive inhibitor of ATP. Its administration renders
HSP90 inefficient thereby destabilizing its client proteins.
It has been used in preclinical studies of many recalcitrant
cancers including prostate (9), non small cell lung cancer
(10), and osteosarcoma (11).

With regard to thyroid cancer, early studies have
yielded data that supports the potential clinical utility of
targeting HSP9O0 to treat this disease. 17-AAG has showed
an inhibitory growth effect in thyroid cancer cell lines, but
no apoptosis was observed (12). The drug BTIMNP_DO004
acts through HSP90 destabilization and showed anti-
cancer activity in thyroid cancer cell lines in vitro (13).
Furthermore, treatment with 17-AAG reduced papillary
thyroid cancer 1 (PTC1) expression levels and increased
radioiodine accumulation in PCCL3 thyroid cells where
PTC1 was induced by doxycycline (14). This was
determined to be independent of the sodium iodide
symporter (NIS) and likely resulted from an effect of
decreased iodide efflux through a PKA-mediated
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mechanism. While significant, this study was performed
on non-cancer thyroid cell lines and requires further
certification in cancer cells. Elisei et al. (15) have also
shown that destabilizing HSP90 prolongs the retention
time for '*'I in NIS-transfected FRO-19 tumor cells.
Treatment with radioiodine in poorly differentiated
refractory thyroid cancers is often inadequate due to
resistance. These compounds may be a novel mechanism
of increasing uptake, a recent focus in PTC research.

The rationale for pursuing HSP90 inhibitors in RET
mutant cancer cells is not only its role as an HSP90 client
protein (7). The shared lineage of medullary thyroid
cancers (MTCs) and neuroendocrine tumors has been
well explored (16). The potential of HSP90 inhibitors in
NETs and dual treatment with mTOR or AKT inhibitors
has been seen (17, 18, 19).

Here, we show that in two MTC cell lines, oncogenic
targets are inhibited together with cell proliferation.
Apoptosis was observed following prolonged treatment
with these cell lines. In the PTC cell line, we saw similar
growth effects and an NIS-independent increase in uptake
of radioactive iodine. Advanced cancers have multiple
genetic alterations that drive malignant growth. It is
established that often once the initial oncogene has been
targeted, resistance develops to the treatment through
further mutations. The potential benefit of HSP90 inhi-
bition is that in addition to oncogenic RET inhibition, the
simultaneous inhibition of kinases within downstream
signaling cascades such as ERK and AKT.

Methods
Cell culture

TT cells, derived from an MTC with an RET“***W mutation
(a frequently occurring mutation in MEN2A syndrome),
were obtained from the American Type Culture Collection
(Manassas, VA, USA). MZ-CRC-1 cells were derived from a
malignant pleural effusion from a patient with metastatic
medullary thyroid carcinoma with an RETM*®" mutation
(a mutation present in >95% of cases of MEN2B
syndrome). TPC-1 cells harbor the RET-PTC1 rearrange-
ment which consists of a fusion gene between RET and
CCDC6. All three cell lines have been genetically
fingerprinted by either SNP-CGH or polymorphic short
tandem repeat (STR) and verified to be unique (20, 21). TT
cells were grown in F12 Ham’s media supplemented with
10% fetal bovine serum (FBS, Thermo Fisher Scientific,
Waltham, MA, USA). MZ-CRC-1 cells were grown in
DMEM supplemented with 10% FBS. TPC-1 cells were
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grown in DMEM-high glucose media supplemented with
5% FBS. All media were supplemented with glutamine and
100 units/ml penicillin-streptomycin unless specified.

Drug preparation

AUY922 (5-(2,4-dihydroxy-5-isopropyl-phenyl)-N-ethyl-4-
(4(morpholinomethyl)phenyl)isoxazole-3-carboxamide
methanesulfonate) is an isoxazole-based compound which
competitively inhibits the ATPase activity of HSP90.
AUY922 potently inhibits HSP90 with an ICsq of 30 nM as
measured in a fluorescence polarization assay (22). Powder
was stored at —20 °Cin alight sensitive container. Aliquots
of 10 ul with 10 mM stock concentration were stored at
—20°C to avoid multiple freeze-thaw repetitions. The
HSP90 inhibitor AUY922 was kindly provided under a
material transfer agreement with Novartis Institutes for
Biomedical Research (Basel, Switzerland).

Cell cycle

Cell cycle analysis was performed using propidium iodide
(PI) Merck KGaA, Darmstadt, Germany). Cells were plated
in triplicate in six-well plates at 1 million cells per well.
The following day, cells were treated with increasing
concentrations of AUY922. Cells were exposed to the
compound for 72 h. Cells were washed twice in PBS, spun
at 300 g for 2 min and vortexed between each wash. Cells
were resuspended in 700 pl of PBS. Each sample was
treated with a master mix containing 50 uyl RNAse A
(20 mg/ml, Merck), 200 pl 2% Triton X-100 (Merck), and
200 pl 10 mg PI. Cells were incubated at 4 °C for 30 min and
then analyzed on the FACS Calibur flow cytometer (Becton
Dickinson, Franklin Lakes, NJ, USA). Cell cycle distribution
(GO/G1, S, G2/M) analysis was subsequently performed
using Modfit LT software (Verity Software House, Topsham,
ME, USA) to model mathematically the DNA histogram and
thus objectively determine the percentage of cells in each
phase.

Cell proliferation assay

The CellTitre 96 Aqueous One Solution Cell Proliferation
Assay kit was utilized as per the manufacturer’s instructions
(Promega, Fitchburg, WI, USA). Cells were plated in
triplicate in a 96-well plate at 30% confluence. The
following day, cells were treated with different concen-
trations of AUY922. The next day, 20 ul of a solution
containing 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)
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was added and cells were incubated for 3 h at 37 °C. This
experiment was repeated at four time points (24, 48, 72,
and 96 h) to determine the greatest inhibitory effect of the
drug. The Sunrise Tecan microplate reader (Tecan Group,
Mannedorf, Switzerland) was used to read the plate at
490 nm. Absorbance data was imported into GraphPad
Prism where the half maximal inhibitory concentration
ICsowas determined by GraphPad software analysis version
6.0 (GraphPad Software, San Diego, CA, USA).

Apoptosis assessment

Cell viability was assessed using the mitochondrial
membrane dye DilC(5), PI with FACS analysis (23).
DilC(5) (1,1-dimethyl-3,3,3'3,3'-tetramethylindodicarbo-
cyanine iodide, 10 mg/ml Biotium, Inc., Hayward, CA,
USA) is a cationic cyanine dye which accumulates in
response to membrane potential. The dye accumulates
in mitochondria with active membrane potentials,
determined as ‘live’ cells. PI is membrane impermeant
and is excluded from live cells.

TT and MZ-CRC-1 cells were plated on day 0 at 30% cell
confluency in a 12-well plate. The following day cells were
washed with PBS and treated with increasing concen-
trations of AUY922. Cells were kept in an incubator at 37 °C
for 6 days whereupon they were prepared for flow analysis.

Media was removed and cells were washed once with
PBS. All media and PBS were transferred to previously
labeled flow tubes. Citric saline (100 ul) was added to each
well for 10 min. Cells were resuspended in PBS and
transferred to the same flow tube. Tubes were spun at
300g for Smin, and excess PBS was removed. Two
microlitres of 2 uM DiLC(5) was added to each tube. Cells
were vortexed and incubated for 20 min in darkness; then
2 pl of PI (10 mg/ml; Merck) was added and incubated for
2 min. DilC(5) was excited by laser at 633 nm and detected
on the FL4 channel. PI was excited by laser at 488 nm and
detected on the FL-2 or FL-3 channel. Cells were analyzed
with FACS Calibur flow cytometer (Becton Dickinson) and
results analyzed by Cell Quest Pro (BD Biosciences,
Franklin Lakes, NJ, USA). By determining that the flow
cytometer had a constant flow rate throughout each period
of data acquisition and fixing the acquisition time to
20 s/sample, it was possible to quantify the number of cells.
Experiments were done in triplicate and results were
normalized to the vehicle treated cells in each experiment.
All results are expressed as a percentage relative to vehicle
treated cells. For each experiment, live cells (DilC(5)
positive, PI negative) were gated as R2. Likewise, necrotic
cells (DilC(5) negative, PI positive cells) were gated at R3.
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Radioiodine uptake experiment

TPC-1 cells were plated in triplicate at 25 000 cells/well in
a 12-well plate. Two separate plates (also in triplicate) were
prepared. The first for addition of perchlorate (KClO,4)
(Sigma) and the second for cell counting (after identical
treatments) to adjust the gamma count to the amount of
cells to avoid inflation of the data. The following day, the
cells were treated with indicated concentrations of the
drug. Cells were incubated for 24 h with treatment at
37°C. Next, Na'?’I (Iodine-125 radionuclide in 0.1 M
NaCl, PerkinElmer, Waltham, MA, USA) was administered
to cells. Concentration was determined from stock
concentration 4 MBq/pl (original activity). Original
activity was determined through online radioactive
decay calculator (http://www.radprocalculator.com/
Decay.aspx). Cells were washed once with warm Hanks
buffer solution (Invitrogen). Cells were then incubated
with 500 ul Na'?I mix at 37 °C for 1 h. The alternative
plate was then treated with KClO,4. Perchlorate is a
competitive inhibitor of the NIS. Cells were then washed
twice with 500 ul ice cold Hanks solution. Cells were then
solubilized with 500 ul NaOH (Sigma) per well overnight
at 4 °C. The following day, 400 pl of each solution was
aliquoted and counted on the gamma counter (Perkin-
Elmer). The final reading was adjusted to mean cell
number in each treatment group.

Results

The HSP90 inhibitor AUY922 impairs cell growth
MTC cell lines

The effect of AUY922 on growth of RET mutant MTC cell
lines was assessed by MTS assay after treatment for 48 and
72 h. AUY922 inhibited the growth of TT and MZ-CRC-1
MTC cells at doses above 25 nM (Fig. 1A). In the MZ-CRC-1
cell line, AUY922 inhibited cell growth by 45.8% +1.45 at
25 nM (P=0.002) and by 56.1%+2.79 at 100 nM treat-
ment (P<0.001). In the TT cell line, AUY922 inhibited cell
growth by 64.3%+3.15 at 25 nM (P<0.001), which was
not further enhanced at higher concentrations of the
drug. ICs( calculations are shown at 48 and 72 h (Fig. 1B).

Cell cycle analysis of MTC cell lines shows limited effect
after treatment with AUY922

Cells were treated for 72 h with an empirically high dose of
AUY922 (250 nM), then incubated with PI, and analyzed
on the FACS Calibur flow cytometer. Modeling of cell
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Figure 1

Cells were treated for 48 and 72 h with increasing concentrations of
AUY922. After 2 h of MTS incubation, absorbance was read at 490 nm.
Representative experiment performed in triplicate at 72 h. (A) Percent
growth inhibition was calculated. Inhibition was statistically significant in
both cell lines in concentrations of 25 nM and above (P<0.002) (B) IC50
values were calculated on GraphPad Prism version 6 and are

expressed in nM.

cycle distribution was performed using ModFit software.
There was a significant difference in the proportion of cells
in the GO/G1 phase following AUY922 treatment in
MZ-CRC-1 cells. Control MZ-CRC-1 cells had 68.5% of
cells in G1, which increased to 83.8% in treated cells
(P=0.01) (Fig. 2C and D). However in the TT cells, there
was no significant difference in the GO/G1 proportion
following treatment with AUY922, 87.8% vehicle vs 92.4%
treated (P=0.80) (Fig. 2A and B). There were no significant
differences in the S or G2/M proportions in any of the cell
lines following treatment (P>0.05; Fig. 2E and F). A
representative diagram for each cell cycle is shown in
Fig. 2A, B, C and D.

AUY922 inhibits signaling through MAPK and
mTOR pathways

The effect of AUY922 on signaling via MAPK and mTOR
pathways was examined through protein expression in
western blots. TT and MZ-CRC-1 cells were plated at a
density of 70%. The following day, cells were treated with
increasing concentrations of AUY922 and then harvested
for protein 24 h later. Following treatment with AUY922,
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Figure 2

Cell cycle analysis of MTC cell lines after AUY922 treatment. (A) TT cells
untreated. (B) TT cells treated with 250 nM AUY922. Cells demonstrate no
change in cell cycle components following treatment of compound.

(C) MZ-CRC-1 cells untreated. (D) MZ-CRC-1 cells treated with 250 nM
AUY922 for 72 h. There is an increase in G-1 proportion following

RET signaling was inhibited (Fig. 3). The downstream
targets of RET, namely the MAPK and mTOR pathways
showed a similar dose-dependent decrease following
AUY922 treatment. There was complete ablation of the
signal of pS6, pAKT, and pERK at or above 100 nM AUY922
in both cell lines, which corresponded with the strong
inhibition of total and pRET at these concentrations.
Interestingly, both total ERK and AKT protein (known
client proteins of HSP90) were unchanged following
AUY922 treatment suggesting that the reduction in
pERK and pAKT was due to upstream RET inhibition.

Treatment of MTC cell lines with AUY922 leads to
apoptosis

To explore the effect of AUY922 on apoptosis, TT and
MZ-CRC-1 cell lines were treated with increasing doses
of AUY922 for 6 days. Following treatment cells were

treatment. Modeling of cell cycle distribution was performed using ModFit
LT software. The percentage of cells in each cell-cycle stage are shown for
(E) TT and (F) MZ-CRC-1 cells. There was only a significant difference
(*P<0.05) in GO/G1 proportion in MZ-CRC-1 cells following treatment.

incubated with DilC(5) and PI and analyzed on a flow
cytometer. A representative set of experiments is shown
for TT cells (Fig. 4A) and MZ-CRC-1 cells (Fig. 4B).
Consistently, following treatment there was an increase
in apoptosis gated as R3 in Fig. 4A and B. There was a
corresponding decrease in live/viable cells, gated as R2
in Fig. 4A and B. Figure 4C and D shows a dose
response of both measures. After treatment with
AUY922 at 100 nM, live MZ-CRC-1 cells were reduced
to 48.6%+14.5 as compared to vehicle treated cells
(P=0.02). This was further reduced to 41.3%+14.0 of
live cells when 1puM AUY922 was
(P=0.018). These results were even more potent in the
TT cells. Following 50nM treatment, live cells com-
prised 24.8%+£13.9% as compared with vehicle treated
(P=0.011) and reached a plateau at higher concen-
trations (21.3% +11.7% as compared with vehicle,
P=0.007) (Fig. 4C and D).

administered
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Figure 3

Protein expression in MTC cell lines following AUY922 treatment. Cells
were treated with increasing concentrations of AUY922 for 24 h. Cells were
lysed and prepared for western blotting. Membranes were probed by

AUY922 treatment in RET/PTC1 cell line inhibits RET
signaling targets

Similar analyses were conducted to assess the effects of
AUY922 on an RET mutant PTC cell line, TPC-1. Metabolic
activity was measured in the MTS assay (Fig. SA) and
showed potent ICgo results (13.19 nM). Inhibition of
downstream targets of RET was also observed after being
treated with AUY922 for 24 h (Fig. 5B). There was a marked
inhibition of mTOR and MAPK pathways including pERK
and pRS6 signal (Fig. 5B). There was some residual pAKT
expression detected at 50 nM but it was absent at 100 nM
AUY922. In contrast to the MTC cancer cell lines, both
total AKT and ERK protein expression was reduced
following treatment with AUY922 (Fig. 5B).

Radioiodine uptake is enhanced by AUY922 treatment
on the PTC cell line

TPC-1 cells were treated with increasing concentrations of
AUY922 for 24 h. The following day, cells were incubated
with '?°I for 1 h with an identical triplicate set further
incubated simultaneously with potassium perchlorate
(KClOy). Following cell lysis the next day, radioactivity
was measured on a gamma counter and showed a dose
responsive increase following AUY922 treatment. Radio-
active iodine uptake increased at 100 nM to 141% (1.93 +
0.14 vs 2.794+1.23 c.p.m. normalized to cell number),

antibodies, for RET and downstream targets of mTOR and MAPK pathway.
Treatment with AUY922 inhibited phosphorylation of RET, ERK, RS6, and
AKT in a dose-responsive manner.

163% at 250nM (1.93+0.14 vs 3.22+1.44), and at
1000 nM to 284% (1.93+£0.14 vs 5.85+1.5) as compared
to vehicle treated cells. However, only the 1-uM cohort
was statistically significant (P=0.015) (Fig. 6). The cells
treated with KClO4 also demonstrated a statistically
significant increase in RAIU following 1uM AUY922
(P=0.002). The treated group without KCIO, was not
statistically different from the group which received the
competitive inhibitor (P=0.06), consistent with the
observed effect of AUY922 on iodine uptake and/or
retention being independent of the NIS.

Conclusion

Targeted therapy focusing on inhibition of single onco-
genes has made significant inroads into promising cancer
treatments. However, in many reports, despite an initial
promising response, these malignancies develop second-
ary mutations and form resistance to targeted chemo-
therapy drugs through escape pathways and feedback
loops (24, 25). The prognosis for patients with radioiodine
and chemotherapy resistant metastatic thyroid cancer is
extremely poor. Some alternative therapeutic strategies
currently being investigated include: re-inducing NIS
expression and iodine uptake by treatment with retinoic
acid, which also has anti-proliferative and pro-apoptotic
effects upon thyroid cancer cells. The utility of PPAR
agonists are also being studied for their anti-tumorigenic
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Figure 4

DilC(5) vs PI flow cytometry analysis on MTC cell lines. (A and B) DilC(5) vs Pl
flow cytometry analysis on MTC cell lines A:TT and B: MZ-CRC-1 show
increased apoptosis following AUY922 treatment. Cells were treated with
increasing concentrations of AUY922 for 6 days. Cells were stained with
DilC(5) and Pl and analyzed on a FACS Calibur flow cytometer. Analysis was

effects (reviewed by Fallahi et al. (26)). HSP90 inhibitors
represent yet another strategy to inhibit proliferation
pathways in these cancer cells. They simultaneously target
multiple pro-oncogenic proteins leading to the inhibition
of pro-malignant pathways.

AUY922 destabilizes known client proteins of HSP90
including RET, AKT, and components of the MAPK
pathway. mTOR itself may also be a client protein of
HSP90 (27). In both the PTC and MTC cell lines, there is
growth inhibition following AUY922 treatment (Figs 1A
and 5A). The ICs, for both MTC cell lines are very similar
(Fig 1B) despite differences in the transforming ability of
each mutation within the cell line and are broadly
consistent with effects on other cancer cell lines (10, 28).

Mechanism of loss of cell viability in MTC cell lines

AUY922 was shown to have significant effects on both
signaling and cell death on RET driven thyroid cancer cell
lines. In MTC cell lines there was an unambiguous
decrease in cell viability (Fig. 1). In the MZ-CRC-1 cell
line there was an increase in G1 arrest following treatment
with AUY922, while in the TT cell line the cells remained
in proportionally the same phase after treatment (Fig. 2).
This may be because MZ-CRC-1 harbors the RETM®'8T
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performed by Cell Quest Pro. (A and B) are representative examples of
individual experiments which were completed three times. (C and D)
Combined flow cytometry results for dose response of AUY922. Each
individually treated cohort was normalized to vehicle treated cells on that
experiment (*P<0.05, **P<0.01).

mutation and has an enhanced transformative capacity as
opposed to the TT cell line, harboring the RET“¢3*W
mutation (29). Also, naive TT cells have an extended phase
GO/G1 (Fig. 2A). Therefore, there is little capacity for any
increase in GO/G1 with treatment, despite a clear
reduction in viability (Fig. 1). An extended treatment
approach was taken to assess for apoptosis. Cells were
treated for 6 days with increasing concentrations of
AUY922 and then prepared for analysis of mitochondrial
membrane function. There was a decrease in live
functioning cells and a corresponding increase in dead
cells following treatment (Fig. 4C and D). The precise
mechanism through which apoptosis arises following
treatment is likely due to inhibition of the pro-survival
factors, including AKT (Fig. 3). The MAPK pathway,
inhibited here by AUY922, has also been shown to
promote cell survival. Hence, the destabilization of RET
by AUY922 ensures these pro-survival components are
inhibited, and apoptosis ensues.

AUY922 treatment causes inhibition of mTOR and
MAPK pathways

Figure 3 shows inhibition of signaling in the mTOR and
MAPK pathways in the MTC cell lines. Similarly in the
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Figure 5

Protein expression and cell viability in the TPC-1 cell line following AUY922
treatment. (A) Cells were treated with increasing concentrations of
AUY922 for 24 h. After 2 h MTS incubation, absorbance was analyzed at
490 nm. Graphs of log (inhibitor) vs response and analysis of nonlinear fit
are shown at 24 h. IC50 values were calculated on GraphPad Prism version
6. (B) Cells were treated with increasing concentrations of AUY922 for 24 h.
Cells were lysed and prepared for western blotting. Membranes were
probed for antibodies to RET and downstream targets of the mTOR and
MAPK pathways. Treatment with AUY922 inhibited phosphorylation of
RET, ERK, RS6, and AKT in a dose-responsive manner. Furthermore,
increasing doses of the AUY922 negatively impacted upon total RET and
ERK protein expression.

TPC-1 cell line (Fig. 5B), it is clear that at even lower
concentrations of AUY922 there was disruption of these
pro-oncogenic pathways. Interestingly, the effect of total
ERK protein and total AKT protein following AUY922
administration was different between the MTC and the
PTC cell lines. In the PTC cell line, not only was there
a clear dose response in the phosphorylated proteins
following treatment, but there was also a significant
reduction in total protein expression. This result suggests
there was an increase in ubiquitination of both ERK
and AKT, targeting them for proteasome-mediated
degradation (Fig. 5B). This suggests that in the PTC cell
line, the HSP90 inhibitor is working effectively on its

Targeting HSP90 in RET-driven 8-10 5:17
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known client proteins ERK and AKT directly (27). However
in the MTC cell lines, inhibition of the proliferative
pathway MAPK and the pro-survival pathway AKT was due
to inhibition of an upstream target as the total proteins
remained stable. Destabilization of RET in the MTC cell
lines showed RET to be the architect of the downstream
inhibition. Furthermore, it is clear that RET itself was
destabilized by this treatment in all cell lines (Figs 3 and
5B). The difference between the effects seen in the PTC vs
MTC cell lines may be due to the slower growth of the
MTC cell lines. This may be due to the inherent differences
in the cancer genetics of the cell lines, specifically the
cellular effects of RET point mutations vs RET/PTC
chromosomal rearrangements. However, regardless of
mutation type, total RET is clearly destabilized in all cell
lines (Figs 3 and 5B) and the signaling activity of
downstream mediators of oncogenic RET significantly
abrogated.

Radioiodine uptake is enhanced with AUY922 treatment

Following thyroidectomy, patients with PTC receive
radioiodine ablation therapy to eliminate any residual
thyroid tissue. Aggressive malignancies, most often
mutant BRAF positive, have a reduced iodine avidity
rendering this treatment less effective. Due to their poor
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Figure 6

Radioiodine uptake is increased in TPC-1 cell lines following AUY922
administration. Cells were plated to 70% confluence and then treated with
increasing concentrations of AUY922 in triplicate. The following day cells
were incubated with Na'?°l or Na'?°l and KCIO, at 37 °C for 1 h. Cells were
washed with 1X Hanks Buffer and solubilized with NaOH overnight

at 4 °C. The following day cells were counted on gamma counter.

There is significant increase in uptake at 1 UM AUY922 in both
conditions (*P<0.05).
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outcome, and the success of the tyrosine kinase inhibitors
(TKIs), the pairing of TKIs with enhanced iodine avidity
has been investigated (30, 31). This paper presents data
showing a dose-dependent increase in the uptake of
radioiodine in the TPC-1 cell line following treatment
with AUY922 (Fig. 6). To our knowledge, this is the first
time radioiodine avidity has been increased with an HSP90
inhibitor in a PTC cell line. If these results were
recapitulated clinically, patients may be able to ensure
extended progression-free survival, with enhanced radio-
iodine ablation of tissue. However, the inability of
perchlorate treatment to inhibit the AUY922-stimulated
iodine uptake was an unexpected result. As perchlorate
functions as a competitive inhibitor of NIS, the similar
dose-dependent increase in perchlorate vs non-perchlorate
treatment groups suggests an NIS-independent
mechanism of increased iodine uptake. Interestingly,
Marsee et al. (14) show treatment of 17-AAG of an
RET/PTC1 expressing rat thyroid cell line increases radio-
iodine uptake specifically through the mechanism of
decreased iodide efflux. However in contrast to our results,
they demonstrated no effect upon iodine uptake by TPC-1
cell line. This further highlights the importance of
translating these results into AUY922 clinical trials, as
the only clinical trial of HSP90 inhibitors at the time of
publication is using 17-AAG. However, clinical use of
17-AAG has been complicated by the compound’s poor
aqueous solubility and adverse effects such as coupled
hepatotoxicity. A recent Phase I clinical trial of AUY922
suggests this drug may be more tolerable than its
competitor (32). AUY922 is also currently in clinical trials
of non small cell lung cancer. If tolerable, it may be able
to be streamlined into clinical trials of thyroid cancer.
The results show a potential therapeutic role for this
compound in targeted treatment of thyroid cancers.
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