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Abstract
Previously, we have demonstrated that the renaturation of heat denatured firefly luciferase is
dependent upon the activity of Hsp90 in rabbit reticulocyte lysate. Here we demonstrate that this
assay may identify inhibitors that obstruct the chaperone activity of Hsp90 either by direct binding
to its N-terminal or C-terminal nucleotide binding sites or by interference with the ability of the
chaperone to switch conformations. The assay was adapted and optimized for high-throughput
screening. Greater than 20,000 compounds were screened to demonstrate the feasibility of using this
assay on a large scale. The assay was reproducible (avg. Z-factor = 0.62) and identified 120
compounds that inhibited luciferase renaturation by greater than 70% at a concentration of 12.5 μg/
mL. IC50 values for twenty compounds with varying structures were determined for inhibition of
luciferase refolding and in cell-based assays for Hsp90 inhibition. Several compounds had IC50
values < 10 μM and represent a number of new lead structures with the potential for further
development and optimization as potent Hsp90 inhibitors.
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1. Introduction
Many newly synthesized polypeptides rely upon molecular chaperones to facilitate their
maturation into biologically active proteins.1 Mutant, and unstable or misfolded proteins also
rely upon chaperones to achieve their native conformations and retain their activity. Hsp90
facilitates protein folding via interactions with a set of ancillary proteins (co-chaperones) and
the binding/hydrolysis of ATP.2, 3
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Hsp90’s reaction cycle involves its switching between at least three conformations that are
enforced by the binding and hydrolysis of ATP (reviewed in 2-4,5-8). Hsp90 contains two
nucleotide binding sites: an ATP-binding Bergerat fold within its N-terminus 9, 10, and a
nucleotide binding site in its C-terminal domain.5, 8, 11, 12 The C-terminal domain of Hsp90
is also responsible for its stable dimerization 13, and contains sequences that regulate ATP
hydrolysis by the N-termini.14-17 The N-terminal, C-terminal and central domains have all
been implicated in the binding of protein clients.13, 18, 19

The known Hsp90 inhibitors, radicicol (RDC), geldanamycin (GA) and novobiocin, are
produced by the mycoparasitic fungus Humicola fuscoatra, and the soil actinomycetes species
Streptomyces hygroscopicus and Streptomyces spheroids, respectively (Figure 1). While GA,
its derivatives and radicicol bind to the N-terminal ATP binding domain of Hsp90, novobiocin
interacts with the C-terminus (reviewed in 20). GA and novobiocin have distinct effects on the
conformation of Hsp90.5, 7 GA appears to hold Hsp90 in an open conformation in which all
regions of the protein are hypersensitive to proteolysis and thus remain exposed. In contrast,
novobiocin binding to the C-terminus induces an Hsp90 conformation that has all but one of
the major proteolysis sites protected from cleavage.5

In malignant cells, Hsp90 is overexpressed and is required to fold and maintain the activity of
both native and mutated signal transduction proteins that are responsible for the uncontrolled
proliferation of transformed cells.21 Although many molecular chaperones are required for
cell viability, only Hsp90 has been shown to possess differential activity in cancerous vs.
normal cells.22 More than 100 Hsp90-dependent client proteins have been identified and of
these, 48 are directly related to oncogenesis 23 and are represented in all six hallmarks of
cancer.22 Because so many oncogenic protein substrates are dependent upon the Hsp90 protein
folding machinery for conformational maturation/activation, inhibitors of Hsp90 provide a
combinatorial attack on multiple signaling pathways, such that its inhibition provides a
mechanism for the simultaneous derailment of multiple signaling cascades. Consequently,
Hsp90 has emerged as a promising target for the development of anti-tumor agents. Inhibitors
of Hsp90 based on GA (e.g., 17-AAG), have entered more than 20 clinical trials for the
treatment of cancer.24, 25

Additional observations suggest that Hsp90 inhibitors have the potential to prevent or reverse
the progression of neurodegenerative diseases characterized by the accumulation of misfolded
protein aggregates. Recent studies by Greengard and coworkers provided evidence that
increased levels of Hsp90 and/or Hsp70 can refold phosphorylated tau aggregates and protect
neuronal cells from Aβ-induced toxicity.26 Exposure of neuronal cells to GA increased
expression of Hsps and promoted the rapid clearance of phosphorylated tau, providing
protection from Aβ-induced toxicity in a dose-dependent manner.26 GA has also been shown
to suppress huntingtin protein aggregation in cells by activating a specific heat shock response
27 and further evidence suggests that pharmacological inhibition of Hsp90 may represent a
potential therapeutic strategy for the treatment of Parkinson’s disease.28

While initial results from clinical trials on the use of GA and its derivatives for the treatment
of cancer appear promising, the low solubility and hepatotoxicity of these compounds limit
their clinical potential.29 Because of the tremendous potential of Hsp90 inhibitors for the
treatment of cancer, neurodegenerative disease and other disorders characterized by the
accumulation of toxic protein aggregates, a means of identifying new, potent inhibitors of
Hsp90 remains a high priority among investigators in this field. Herein we describe a robust,
sensitive and simple high-throughput assay to identify Hsp90-inhibitors based on the Hsp90-
dependent refolding of firefly luciferase in rabbit reticulocyte lysate.
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2. Results
2.1 Optimization of the luciferase refolding assay for high-throughput screen (HTS)

We have previously demonstrated that refolding of heat denatured luciferase is Hsp90-
dependent.30 Since reticulocyte lysate is a rich source of Hsp90 and contains the full
complement of co-chaperones, which rapidly refold luciferase into its native form, it represents
a model quasi-physiological system in which to screen for Hsp90 inhibitors. Furthermore,
luciferase has a very high quantum yield from its catalytic reaction making it a very sensitive
assay for Hsp90-dependent protein refolding. GA, an N-terminal Hsp90 inhibitor prevented
refolding of luciferase at submicromolar concentrations (IC50 ~ 0.2 μM, Figure 2). In addition,
novobiocin which binds to the nucleotide binding site in the C-terminal domain of Hsp90 also
inhibits the refolding of luciferase in a concentration-dependent fashion (IC50 = 400 μM). The
IC50 values for chlorobiocin and coumermycin A1 were approximately 60 and 40 μM,
respectively. This result correlates well with the observation that chlorobiocin and
coumermycin A1 are 5 to 10 times more active than novobiocin for inducing the degradation
of Hsp90-dependent clients HER-2 and Raf-1 in cell culture.31, 32 Thus, this assay has the
capability of identifying inhibitors of Hsp90 that bind to either the N- or C-terminus of Hsp90.

To adapt the luciferase refolding assay to an HTS format the optimization of a number of
parameters was necessary. Since the hemoglobin present in reticulocyte lysate quenches light
production, we determined the maximum dilution of reticulocyte lysate that gave optimal
luciferase refolding activity and remained linear for a three hour incubation (Figure 3, lower
panel). Next, we optimized the concentration of assay buffer additives (coenzyme A, Triton
X-100, glycerol and DMSO) to minimize the decay of the luciferase glow reaction after its
initial flash upon injection of the assay buffer. Conditions were selected under which the glow
from the enzymatic reaction decayed less than 2% per min, such that the light production
remained at 70–80% of the yield after the initial flash phase (Figure 3, upper panel). Under
these conditions we observed less than a 2% decay in signal over a 1 min period, which is
approximately the time required for the instrument to read 384 wells, with the first and last
control wells being the second and 383rd wells read.

Sixty plates from The University of Kansas High Throughput Screening facility were assayed,
representing over 20,000 compounds (Figure 4). The assay produced an average Z value of
0.62 (± 0.09 standard deviation; ± 0.009 standard error) for the sixty plates, indicating the
results were statistically reliable. Compounds (186 hits) that inhibited luciferase activity by
greater than 70% relative to the positive controls were re-screened to identify false positives
(direct inhibitors of luciferase) and to obtain an initial estimate of the IC50 value for each
compound. From the sixty plates assayed, 120 compounds were found to inhibit the Hsp90-
dependent luciferase refolding activity of reticulocyte lysate at a concentration of 12.5 μg/ml
or less. Of these, twenty compounds with varying chemical structures that displayed potent
inhibition were selected for further characterization (Figure 5).

2.2 Further Characterization of HTS hits
Lead compounds identified from the high-throughput screen were dissolved in DMSO and
IC50 values for inhibition of firefly luciferase renaturation were determined (Table 1). A wide-
range of IC50 values were obtained (0.12 to 120 μM) with most compounds inhibiting Hsp90-
dependent refolding at the low micromolar level. The IC50s of compounds 11 and 18 were
notably higher than expected from the initial screen. This discrepancy is likely due to a change
in their chemical composition (possibly oxidation of the sulfur moiety), which occurred upon
storage in 2.5% DMSO. We note that in additional screens done subsequent to the screen
described here, two compounds were identified that were potent inhibitors of luciferase
refolding, but were found to be inactive when the pure compounds were obtained from
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Chembridge (unpublished observations). The compounds were included in two additional
independent screens, and the compounds were again identified as potent inhibitors of luciferase
refolding, emphasizing the reproducibility of the assay. Thus, it is imperative that the hits be
confirmed, and IC50 values be evaluated using pure fresh compounds.

Subsequently, we measured the ability of the compounds to inhibit the growth rate of MCF-7
and SkBr3 cells, two distinct human breast cancer cell lines (Table 1). Seven of the compounds
identified in the screen (3, 4, 5, 8, 10, 13, 18 and 20), did not demonstrate anti-proliferative
activity against either cell line at concentrations up to 100 μM. Interestingly, 1 and 17 were
inactive in MCF-7 cells, however, they displayed growth inhibition against SkBr3 cells (IC50
= 42 and 25 μM, respectively) suggesting a potential for the development of cell type selective
Hsp90 inhibitors. Of the remaining compounds, the IC50 values for inhibition of luciferase
refolding generally correlated well with the concentration of the compounds required to inhibit
cell proliferation. Several compounds (6, 9, 12, 15 and 16) had IC50 values < 10 μM and
represent potential lead scaffolds for optimization.

To further characterize the properties exhibited by the compounds identified by HTS, we
determined their ability to induce degradation of the Hsp90-dependent protein Her-2 via an
ELISA assay. The degradation of Her2 correlated strongly with the observed anti-proliferative
effects of the compounds linking anti-proliferation activity to Her2 degradation and Hsp90
inhibition. Two compounds, 9 and 15, representing novel molecular scaffolds and shown to
be Hsp90 inhibitors were further analyzed for their ability to induce degradation of Hsp90
clients, AKT, Raf-1, and Her2 (Figure 6). Treatment of MCF-7 cells with compound 9 and
15 induced the degradation of AKT, Raf-1 and Her2, an observation consistent with their ability
to inhibit Hsp90 function.

3. Discussion
The data presented in this report demonstrate that the luciferase renaturation assay for Hsp90-
dependent protein refolding is well-suited for high-throughput screening to identify novel
molecular scaffolds as Hsp90 inhibitors. The assay is robust, sensitive and gives statistically
significant Z-values. In addition, this assay has the capacity to detect compounds that inhibit
Hsp90 by binding to either of the two nucleotide-binding sites present at the N- and C-termini
of the protein, which represents the first Hsp90 assay developed for these properties. Twenty
compounds with chemically diverse scaffolds were identified as valid HTS hits and chosen for
further characterization in cellular based assays. Subsequent characterization of the compounds
in these assays identified numerous scaffolds that maintained their inhibitory activity in cell
culture. Compounds that did not induce Her2 degradation (via Her2 ELISA) or affect
proliferation are potentially unable to diffuse through the lipid bilayer, may bind other cellular
proteins/enzymes or may be rapidly metabolized in the cell, thus lowering the amount of
available compound to bind Hsp90. In addition, the ability of these compounds to inhibit SkBr3
cell proliferation correlated directly with their ability to stimulate the turnover of Her2.

The compounds identified via this HTS provide a number of new lead structures with the
potential for further development and optimization as potent Hsp90 inhibitors. Of the
compounds identified, several (2, 5, 7, 15 and 19) consist of three aromatic rings separated by
a variety of different linkers, structures very similar to the biaryl pyrazole series of N-terminal
inhibitors identified by several other groups.33-35 In particular, the ~ 4-fold increase in potency
displayed by 15 compared with the similar thiazole 7 provides important information for the
further optimization of this heterocyclic core. Compounds 9 and 15 appear to represent unique
chemical scaffolds not previously shown to inhibit Hsp90.
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4. Conclusions
The first high-throughput assay has been developed to identify small molecule inhibitors of
either the N- or C-terminus of Hsp90. A screen of ~20,000 diverse compounds identified 120
small molecules as potent Hsp90 inhibitors. Of these, twenty representative compounds were
further characterized in cell culture and several novel scaffolds were identified as potent
inhibitors of Hsp90 in vitro. However, it should be noted that utility of this assay extends
beyond its ability to identify Hsp90 inhibitors, as the renaturation of luciferase in reticulocyte
lysate has been shown to be dependent not only upon the action of Hsp90, but also on the
actions of Hsp70 and the co-chaperones Hsp40, Hop and p23.30, 36-40 Thus, this assay has
the potential to identify inhibitors for any of these proteins. Additional studies are currently
underway to confirm the target of several of these compounds and to determine if they have a
distinctive mode of binding compared to GA and novobiocin. The results from such studies
will be reported in due course.

5. Experimental
5.1 Materials

Rabbit reticulocyte lysate (1:2, lysis of 1 volume of packed cells in 2 volumes of deionized
water) was purchased from Green Hectares (Oregon, WI). Firefly luciferase (L-9506),
luciferin, molecular biology grade acetylated bovine serum albumin, ATP, Coenzyme A and
novobiocin were purchased from Sigma. Chlorobiocin and coumermycin A1 were provided
by the Drug Synthesis and Chemistry Branch, Developmental Therapeutics Program, Division
of Cancer Treatment, National Cancer Institute, NIH. Stability buffer: 25 mM Tricine HCl (pH
7.8), 8 mM MgSO4, 0.1 mM EDTA, 10% glycerol, 1% Triton X-100, and 10 mg/mL acetylated
BSA. Cold mix: 100 mM TrisHCl pH 7.7, 10 mM Mg(OAc)2, 375 mM KCl, 15 mM ATP, and
25 mM creatine phosphate. Creatine phosphokinase (CPK) was prepared as a 10 mg/mL stock
in 50% glycerol. Experimental compounds representing hits from the high-throughput assay
were purchased from Chembridge and ChemDiv.

5.2 Preparation of denatured luciferase
Luciferase was dissolved in stability buffer lacking glycerol and Triton X-100 at a
concentration of 0.5 mg/mL. After the luciferase was completely dissolved, 10% glycerol, and
1% Triton X-100 were added, and the luciferase was denatured by heating at 41 °C for 10 min.
The activity of luciferase was continuously monitored at one min intervals during this
procedure to avoid its irreversible aggregation that occurs upon over-heating or prolonged
incubation at elevated temperatures.41

5.3 Preparation of denatured luciferase reagent and reticulocyte lysate for 384 well assay
Luciferase reagent (10 mL) was prepared by mixing 8 mL of cold mix, 0.8 mL of 10 mg/mL
CPK, 1.075 mL of deionized water; and 0.125 mL of denatured luciferase. Three volumes (1:2)
of rabbit reticulocyte lysate were diluted with one volume of 20 mM Tris-HCl (pH 7.4)
containing 75 mM KCl. These reagents were snap frozen in liquid nitrogen after preparation
and stored at –80 °C. For long term storage the diluted reticulocyte lysate was stored in liquid
nitrogen. After thawing, the reticulocyte lysate was centrifuged at 25,000g for 20 min to remove
any particulates.

5.4 Luciferation Renaturation Assay
Black 384 well plates containing 20 μL of 2.5% DMSO in water in the first two 16 lane columns
within the plate (negative and positive controls), and screening compounds (25 μg/mL)
dissolved in 2.5% DMSO in the remaining 22 columns were utilized. Tris-buffered saline (10
μl; 20 mM Tris-HCl pH 7.5, 150 mM NaCl) containing 1% hemoglobin and 4% bovine serum
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albumin (TBS/HbBSA) was add to the first column as the negative control. Diluted reticulocyte
lysate (10 μL) was dispensed to the remainder of the plate. The refolding reaction was initiated
by the injection of 10 μL of the denatured luciferase mix to each well to give the following
final concentrations: 20 mM Tris pH 7.7, 3 mM ATP, 5 mM creatine phosphate, 2.0 mM Mg
(OAc)2, 75 mM KCl, 0.2 mg/mL CPK and 1.5 μg/mL denatured luciferase. Plates were
centrifuged for one min to assure complete mixing of the components. After incubation at room
temperature for three hours, luciferase activity was measured by injection of 40 μL of assay
buffer (75 mM Tricine-HCl (pH 7.8), 24 mM MgSO4, 0.3 mM EDTA, 2 mM DTT, 313 μM
D-luciferin, 640 μM coenzyme A, 0.66 mM ATP, 150 mM KCl, 10% (v/v) Triton X-100, 20%
(v/v) glycerol and 3.5 % DMSO). Light emission from each well was read with a 0.1 sec
integration time using a Perkin-Elmer EnVision 2101 plate reader 3 to 12 minutes after addition
of the assay buffer depending on the number of plates being assayed.

5.5 Control assay to identify direct inhibitors of native luciferase
After the initial screen, duplicate plates were prepared containing compounds that were found
to inhibit luciferase renaturation by ~70%. Serial dilutions (1:3) of each compound starting at
a concentration of 25 μg/mL in 2.5% DMSO (20 μl) were dispensed into six adjacent wells.
The effect of each compound on the activity of luciferase was determined by the addition of
10 μL of native lucifease mix (prepared as described above, but not denatured) in modified
stability buffer (25 mM Tricine HCl pH 7.8, 8 mM MgSO4, 0.1 mM EDTA, 30% glycerol, 3%
Triton X-100, and 10 mg/mL BSA with 0.8 ng of native lucifease). Luciferase activity was
measured after addition of 30 μL of assay buffer containing 4 mg/mL BSA. Plates were read
immediately after dispensing the assay buffer as described above.

5.6 Initial estimate of the IC50 of compounds ability to inhibit Hsp90-dependent luciferase
renaturation

The second set of plates that were prepared with serial dilutions of each drug was assayed for
inhibition of luciferase renaturation as described above in 5.4. The concentration-dependent
inhibition of luciferase refolding was used to estimate the IC50 of each compound. The positive
control (2.5% DMSO) and negative control (TBS/HbBSA) were used as the limits for 0% and
100% inhibition, respectively.

5.7 IC50 determination for inhibitory activity of compounds
Hsp90-dependent refolding of firefly luciferase in rabbit reticulocyte lysate was carried out as
previously described with minor modifications.42 Denatured luciferase (0.5 mg/mL) was
prepared as described above. Reactions were carried out in triplicate at room temperature in
96 well microtitre plates, and experiments were repeated at least twice. Each well contained 1
μL of DMSO or experimental compound dissolved in DMSO to give the desired final
concentration: 4 μL of cold mix, 0.4 μl of 10 mg/mL creatine phosphokinase, 5.5 μL of
deionized water, and 0.1 μL of denatured luciferase. The refolding reaction was initiated by
the injection of 10 μL of reticulocyte lysate (1:2) previously diluted with an equal volume of
20 mM Tris-HCl (pH 7.4) containing 75 mM KCl. After a 30 min incubation at 25 °C, luciferase
activity was measured upon injection of 100 μL of assay buffer (25 mM Tricine-HCl (pH 7.8),
8 mM MgSO4, 0.1 mM EDTA, 33 μM DTT, 470 μM D-luciferin, 240 μM coenzyme A, and
0.5 mM ATP) followed by a 10 sec integration time to measure relative light unit (RLU)
production using a LMaxII (Molecular Devices) microplate reader.. The IC50 value was
calculated as the concentration required to inhibit the recovery of luciferase activity by 50%
relative to the DMSO control. The effect of experimental compounds on the activity of native
luciferase was also assayed as a control.
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5.8 Anti-proliferative effect of Hsp90 Inhibitors
MCF-7 cells were maintained in a 1:1 mixture of Dulbecco’s Modified Eagle’s Medium:Ham’s
F-12 (Gibco) supplemented with non-essential amino acids, L-glutamine (2 mM), streptomycin
(500 μg/mL), penicillin (100 units/mL) and 10% fetal bovine serum. SkBr3 cells were
maintained in McCoy’s 5A media (Iwakata & Grace modification, Cellgro) with L-glutamine
supplemented with streptomycin (500 μg/mL), penicillin (100 units/mL), and 10% fetal bovine
serum. Cells were grown to confluence in a humidified atmosphere (37 °C, 5% CO2). Cells
(2000/well, 100 μL) were seeded in 96-well plates and allowed to attach overnight (37 °C, 5%
CO2). Compounds or GA at varying concentrations in DMSO (vehicle) were added (1% DMSO
final concentration) and cells returned to the incubator (37 °C, 5% CO2) for 72 h. At 72 h, the
number of viable cells was determined using an MTS/PMS cell proliferation kit (Promega) per
the manufacturer’s instructions. Cells incubated in 1% DMSO were used as 100% proliferation
and values were adjusted accordingly.

5.9 Her2 ELISA of Hsp90 Inhibitors
An ELISA to determine the ability of the HTS hits to degrade Hsp90 client proteins was
performed as previously described with minor modifications.43 Briefly, SkBr3 cells were
grown as described above and seeded (3000 cells/well) in 96-well plates and allowed to attach
overnight (37°C, 5% CO2). Compounds, at varying concentrations, were added and the plates
returned to the incubator for 24 h. After 24 h, the number of cells in each well were counted
under the microscope to insure that there was no significant reduction in cell number compared
to the DMSO control. Media was removed and the cells washed three times with ice-cold buffer
(PBS with 1% Tween). Methanol (−20°C) was added and the plates placed at 4°C for 10 min
to permeabilize and fix the cells. The plates were washed again with ice-cold buffer and
incubated in blocking buffer (5% BSA in PBST) for 1 h at rt. The plates were incubated with
a Her2 specific antibody (rabbit IgG; 1:500 dilution in blocking buffer) at 4°C overnight. The
plates were washed again and incubated at room temperature for 2 h in the presence of an HRP-
conjugated anti-rabbit IgG (1:1000 in blocking buffer). Plates were rinsed, chemiluminescent
reagent was added and the plates immediately read on a luminometer (Molecular Devices).

5.10 Western Blot Analyses of HTS Hits
MCF-7 cells were seeded (1×106/plate) in culture dishes and allowed to attach overnight.
Compound 9 and 15 were added at varying concentration and incubated (37°C, 5% CO2) for
36 h. Cells were harvested and analyzed for Hsp90 client protein degradation as described
previously.44
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Figure 1.
Natural Product Inhibitors of Hsp90.
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Figure 2. Effect of Hsp90 inhibition on the renaturation of firefly luciferase in rabbit reticulocyte
lysate
Thermally denatured luciferase was incubated in rabbit reticulocyte in the presence of DMSO
(vehicle control) or the indicated concentrations of geldanamycin (◇), novobiocin (X),
chlorobiocin (○), or coumermycin A1 (□). After 30 min, luciferase activity was measured as
described under “Materials and Methods”. Reactions were carried out in triplicate and values
expressed as percent of the DMSO control.
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Figure 3. Properties of the optimized luciferase assay
Luciferase renaturation was carried out under the conditions described under section 2.4 of the
“Materials and Methods” but with a final volume of 100 μl. The amount of luciferase activity
present in a 10 μl aliquot of the reaction was measured at the beginning of the assay (0 h) and
at 0.5 h intervals for 3 h. Light units generated per 10 sec for each point of the time course
were measured immediately after the injection of assay buffer (0 min), and every minute there
after for 10 min. Lower Panel: light units generated per 10 sec for each 0.5 h sample integrated
at 1 (○), 5 (□) and 10 (◇) min after injection of the assay buffer. Upper panel: light units
generated per 10 sec integrated every 1 min after the injection of assay buffer for samples taken
after 1 (◇), 2 (□), and 3 (○) h of incubation with the luciferase renaturation assay mix.
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Figure 4.
Scatter plot showing activities of the 21,240 screened compounds.
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Figure 5.
Molecular Scaffolds Identified as Hsp90 Inhibitors via High-Throughput Screening.
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Figure 6.
Induced degradation of Hsp90 client proteins via compounds 9 (upper panel) and 15 (lower
panel). The compounds, at varying concentrations, (μM) were evaluated for their ability to
downregulate Her2, Akt and Raf-1 as described in the methods section. Geldanamycin (GA,
500 nM) and DMSO were used as positive and negative controls, respectively.
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Table 1

Entrya Anti-proliferationb Her2 ELISAc Luc. Refoldingd

MCF-7 SkBr3 SkBr3

1 >100e 42 ± 4 67 ± 8 13 ± 4
2 41 ± 12 55 ± 8 64 ± 15 NI
3 >100 >100 >100 NI
4 >100 >100 >100 15 ± 0.6
5 >100 >100 >100 4.4 ± 1.5
6 4 ± 1 23 ± 0.5 33 ± 6 36 ± 2
7 44 ± 8 55 ± 1 61 ± 1 15 ± 0.6
8 >100 >100 >100 55 ± 9
9 3.0 ± 0.8 2.4 ± 1.1 4.4 ± 2.1 16 ± 1
10 >100 >100 >100 2.1 ± 0.2
11 25 ± 11 9.0 ± 0.3 8.9 ± 3.4 7.0 ± 0.4
12 19 ± 4 7.8 ± 0.3 4.7 ± 1.7 120 ± 8
13 >100 >100 >100 22 ± 0.5
14 93 ± 7 76 ± 12 44 ± 4.5 23 ± 8
15 2.1 ± 0.8 15 ± 1 12.5 ± 3.6 1.9 ± 0.3
16 9.1 ± 4 15 ± 6.2 10.9 ± 0.4 6.7 ± 2
17 >100 25 ± 3.6 21.3 ± 14 15 ± 12
18 >100 >100 >100 190 ± 4
19 34 ± 13 39 ± 2.1 51.6 ± 7 4.5 ± 0.3
20 >100 >100 >100 0.12 ± 0.6

a
Compounds correspond to scaffolds shown in Figure 5.

b
Anti-proliferation assays were performed as described in Section 5.8.

c
Her2 ELISA assays were performed as described in Section 5.9.

d
Luciferase refolding assays were performed as described in Section 5.7.

e
Values represent Mean IC50 ± SE of at least two separate experiments performed in triplicate (μM).
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