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(57) ABSTRACT 
The invention concerns various methods of using labeled 
HSP90 inhibitors to improve treatment of cancer patients 
with HSP90 inhibitors, including ex vivo and in vivo methods 
for determining whether a tumor will likely respond to 
therapy with an HSP90 inhibitor. The disclosure provides a 
method for determining whether a tumor will likely respond 
to therapy with an HSP90 inhibitor which comprises the 
following steps: (a) contacting the tumor or a sample contain 
ing cells from the tumor with a detectably labeled HSP90 
inhibitor which binds preferentially to a tumor-specific form 
of HSP90; (b) measuring the amount of labeled HSP90 
inhibitor bound to the tumor or the tumor cells in the sample: 
and (c) comparing the amount of labeled HSP90 inhibitor 
bound to the tumor or the tumor cells in the sample measured 
in step (b) to the amount of labeled-HSP90 inhibitor bound to 
a reference. 



US 2014/0294725 A1 Oct. 2, 2014 Sheet 1 of 50 Patent Application Publication 

S. 

l 

N 

{&issis - if EC i-tric 

  

  

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 2 of 50 US 2014/0294725 A1 

  

  



Patent Application Publication Oct. 2, 2014 Sheet 3 of 50 US 2014/0294725 A1 

. 
s 

s ... S. 
s 

s & 

s 

X :- 

;:S $33. 

(N) gulpuig 
er 

Y 
P 
C 
s 

, E 

c is . 2. 
. 

l l 

r 

  

    

    

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 4 of 50 

§§§§§§¿ 
d-shifted 

Patent Application Publication 

  

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 5 of 50 US 2014/0294725 A1 

s 
S is a &S 

. 

S & S 8 S 

... S. 

SS 

& l 
t s s- v 

x. saa 
& it:33 8:88):f Q. 

{&txi F33 833 4-3 ::::A; 

*. 
as s w a's 

SiSEE is --- is 
S835.8gesii is C33 (sy 

SS 
S. 

SSSSSSSSSSSSSSSSSSSS 

---------------------------------------------------------------- xr YM 

s 8.33. It is -i- is: 
$8,334.8stiff-- 38. 

: 

  

  

  

  

  

  

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 6 of 50 Patent Application Publication 

3-BS GIRLÍTÐIH 

ofeuroN a 
38. seased R 

  

  

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 7 of 50 Patent Application Publication 

-333-Å 
() 

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 8 of 50 US 2014/0294725 A1 

assas . 

& K E. : . . 
s st is l, 

... s is 

s 

i 
3 o 

i. 3 

E. 
s s 

x & 
g 
w 

f 

s 

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 9 of 50 Patent Application Publication 

NH () 

8 OHRITTOIH 
NH 

  



Patent Application Publication Oct. 2, 2014 Sheet 10 of 50 US 2014/0294725 A1 

O 
CD 

CS 
CO s 

o 

o1 No 
D 
O 
S en 

S. O : 
.02 2. f g - s 

CO i CS 
4. Z Z Z 

Z 41-41. 
CN 

N Z / Z 
Z=/ 

O 

- ( ) 2 O 

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 11 of 50 Patent Application Publication 

9 

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 12 of 50 Patent Application Publication 

OOOH 

CCOZGJEN-|-/H-[\d 0 ], 



US 2014/0294725 A1 Oct. 2, 2014 Sheet 13 of 50 Patent Application Publication 



Patent Application Publication Oct. 2, 2014 Sheet 14 of 50 US 2014/0294725 A1 

has xxx 
w k 
s 

s SSSSSSSSS y 

. 

s 

& 

s 
SS & & 

E. S. s 
E. 

xi. s 'i ---. 

(SSSI. S. $8.8&E $38, is & 

    

  



Patent Application Publication Oct. 2, 2014 Sheet 15 of 50 US 2014/0294725 A1 

s: 

  



Patent Application Publication Oct. 2, 2014 Sheet 16 of 50 US 2014/0294725 A1 

& 
& 

NYN 
ass 

sm 

s & 

as was 
to ll .) 

h 

(-N fiti puja O6ds 

  



Patent Application Publication Oct. 2, 2014 Sheet 17 of 50 US 2014/0294725 A1 

s 
& S & S. S. & S. & 8 g : g 

is Jsu ueer 

S 

8 

  

  

  

  

  

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 18 of 50 Patent Application Publication 

O alge, 8, 

co 

WUOOGle e|CelA% 

is x. s 

fillipsis old H-fied 
SS Qsilisii S.E. 

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 19 of 50 Patent Application Publication 

${}{} 

|-~~~~*~********************************+ -------------#É 
Spits: Ego. & Fits. E3 List; FES gris ESESSEE 

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 20 of 50 Patent Application Publication 

qV 06dsHD ] 

uloe-go peZeuJou 
uOSSejdxe O60sH 

d 

Seo eqelA 9% U Seo eqe A96 

  

  



Patent Application Publication Oct. 2, 2014 Sheet 21 of 50 US 2014/0294725 A1 

Non-responsive 
  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 22 of 50 

3: 

------------------------------------------------------·**** 

Patent Application Publication 

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 23 of 50 US 2014/0294725 A1 

O 

CN 

O 
O) 
O 
V 
C 

O O 
O O O 

O 
V V 

zoLindJO AISueueouese Jol uelpeN 

    

    

    

  

  

  

  

  

    

    

  

  

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 24 of 50 Patent Application Publication 

D-VZZ GIRLÍTÐIH 
ce rs. L 

(Oooo-enee) ge 

(puloo opee) 
Lijo Sueue3e3sarioLeeA 

$ 

s 

  



Patent Application Publication Oct. 2, 2014 Sheet 25 of 50 US 2014/0294725 A1 

2 

seAoouduAIFos-Wv Jo 
5ulpuig Oil-?hd Jo one 



Patent Application Publication Oct. 2, 2014 Sheet 26 of 50 US 2014/0294725 A1 

3 
Ouluoo peeelluno 

eAlee eqeAueole 

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 27 of 50 Patent Application Publication 

00" | GZZ 

("Ans) A.A.Oel LH-nd 



Patent Application Publication Oct. 2, 2014 Sheet 28 of 50 US 2014/0294725 A1 

s 
s 

| | 
3 

: 

C 
O 

LO O LO O LO O 
CN CN v- v 

e|Snu OJOUun) JO Ole 
AH?c 72 

  

  



Patent Application Publication Oct. 2, 2014 Sheet 29 of 50 US 2014/0294725 A1 

s 

S& N. . . . 

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 30 of 50 Patent Application Publication 

o 

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 31 of 50 US 2014/0294725 A1 

1. 
: 
s 
Y 
P 
9 

e 

s 
s 

h 
A. 

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 32 of 50 Patent Application Publication 

SW/SW-OT- euse|d u? [L/H-nd]— */ LEd L/H-nd-[1,2]] – 
~ \ 

?0000' 0 
(Wil)')H-n 

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 33 of 50 US 2014/0294725 A1 

axx 

s & S (S s r. N 
& E ( &YS ri s 

: 
s 

S & ... 8 
fa& Rš. i. 83.8 bi- dist : 

S38 

i 

ExS 

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 34 of 50 US 2014/0294725 A1 

ississe:cis 
g 

S&S : $ 3 & administered 
. 3&se IRS 

s 

3. s: 888 

f 
w 

35 

3. aws: 3. 
$38 8 : 

: 3. 3. 
: - -: S. 

s: 8 
& s 
S. SR ax S: Six S. 3: 

is . al 
i. 5. 8 

as E. . &y 
& xx l 

: S S. s 3. 3S 58 FS 88 
P-F &datinisteres: case isgs.g: SR3-?: axississistered dose gi&g 

FIGURE 31a-f 

  

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 35 of 50 Patent Application Publication 

3. 8s:88-88s: 
&esist: &tis is: $3:SS is 

FIGURE 32a-g 

  

  

  

  

  

  



0-B99 GHRIQ?IH 

US 2014/0294725 A1 

is 3.38 

338.88, 383:38 Stitti. 

Oct. 2, 2014 Sheet 36 of 50 Patent Application Publication 

  

    

  

  

  

  

  

  

  

  

  

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 37 of 50 Patent Application Publication 

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 38 of 50 Patent Application Publication 

  

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 39 of 50 Patent Application Publication 

[]] | 

(t) Jr., H 

TH-W99) GIRLÍTÐIJI 

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 40 of 50 Patent Application Publication 

-8 

3×4×3×3 × × × × × × 

  

  

  

    

  

  

    

  



Patent Application Publication Oct. 2, 2014 Sheet 41 of 50 US 2014/0294725 A1 

s 

FIGURE 38a-b 

  

  

    

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 42 of 50 Patent Application Publication 

44????????????????? ???????? „…zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz^* 
089 CHRIÍIÐIH 

    

  

    

  

  

  

  



Patent Application Publication Oct. 2, 2014 Sheet 43 of 50 US 2014/0294725 A1 

A Sueuild W% 
  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 44 of 50 Patent Application Publication 

C D 0 b () (3 : 

Wri [L/H-nd] 
Z 

7 ||09 

69890’0 9 LNT 

00|| 
SISOdodW 9, 

  

  







Patent Application Publication Oct. 2, 2014 Sheet 47 of 50 US 2014/0294725 A1 

to 888,ii ( 
888838AB838d 

d 

  

  



US 2014/0294725 A1 Oct. 2, 2014 Sheet 48 of 50 Patent Application Publication 

(Wrl) LCLZH) 

sto in 

peZeu.JOu Sewel OldSH 

s 

88 
& 

N & ?tae S. 
SS 
. 

  

  

  



Patent Application Publication 

W 

Oct. 2, 2014 Sheet 49 of 50 

s E. 
r 

&S 

US 2014/0294725 A1 

S. 

S & 
z 
S 

w 

    

  



Patent Application Publication Oct. 2, 2014 Sheet 50 of 50 US 2014/0294725 A1 

  



US 2014/0294725 A1 

USES OF LABELED HSP90 INHIBITORS 

1. CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Application No. 61/506,010, 
filed Jul. 8, 2011, the contents of all of which are incorporated 
herein in their entireties by reference thereto. 

2. BACKGROUND 

0002 To maintain homeostasis, cells employ intricate 
molecular machineries comprised of thousands of proteins 
programmed to execute well-defined functions. Dysregula 
tion of these pathways, through protein mis-expression or 
mutation, can lead to biological advantages that confer a 
malignant phenotype. Although at the cellular level Such dys 
regulation may be beneficial (i.e., favoring increased Sur 
vival), at the molecular level this requires cells to invest 
energy in maintaining the stability and function of these pro 
teins. It is believed that to maintain these proteins in a pseudo 
stable state, cancer cells co-opt molecular chaperones, 
including HSP90°. 
0003. In support of this hypothesis, HSP90 is recognized 
to play important roles in maintaining the transformed phe 
notype. HSP90 and its associated co-chaperones assistin 
the correct conformational folding of cellular proteins, col 
lectively referred to as “client proteins, many of which are 
effectors of signal transduction pathways controlling cell 
growth, differentiation, the DNA damage response, and cell 
Survival. Tumor cell addiction to deregulated proteins (i.e. 
through mutations, aberrant expression, improper cellular 
translocation etc) can thus become critically dependent on 
HSP90. 
0004. The rationale for HSP90 therapy in various forms of 
cancers is now well-supported by preclinical and clinical 
studies including indisease resistant to standard therapy'. 
For instance, studies have demonstrated a notable sensitivity 
of certain HER2+ tumors to HSP90 inhibitors’’. In these 
tumors, 17-AAG (also called Tanespimycin) and 17-DMAG 
(Alvespimycin) elicited responses even, and in particular, in 
patients with progressive disease after trastuzumab therapy. 
Other HSP90 inhibitors, such as PU-H71, when tested pre 
clinically in a number of triple-negative breast cancer mouse 
models, delivered the most potent targeted single-agent anti 
tumor effect yet reported in this difficult-to-treat breast cancer 

OO subtype'. 
0005 While these data strongly support the use of HSP90 
inhibitors in cancer, there is at the moment no clear consensus 
on how to identify those patients most-likely to benefit from 
HSP90 therapy'. This is especially problematic know 
ing that for a Successful development of targeted agents it is 
essential to define the patient subpopulation that should 
receive the drug (i.e., tumors with EGFR mutations for 
tarceva). Such selection may reduce the number of patients 
receiving ineffective treatment and decrease the staggering 
number of targeted oncology agents that fail in late-stage 
clinical trials. 

0006 Further, there is no clinical assay that can non-inva 
sively ascertain HSP90-target inhibition. While pharmacody 
namic monitoring of peripheral blood lymphocytes has pro 
vided a readily accessible and reproducible index of in vivo 
biologic activity of HSP90 inhibitors in clinical trials, drug 
effects in normal tissue do not predict tumor-specific activ 
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ity'''. Judicious use of biopsies to measure pharmaco 
dynamic changes has remained an important way to assay for 
target modulation, but this method remains limited because of 
the logistical and ethical issues associated with invasive 
assays. As an alternative, changes in the levels of tumor HER2 
and VEGF levels is now being investigated using Zirconium 
89 labeled antibodies'' and of soluble HER2 extracellu 
lar domain levels in patient sera by ELISA', but these 
studies are restricted to the subset of breast tumors that 
express these biomarkers. 
0007 Accordingly, there exists a strong need for biomar 
kers in HSP90 targeted therapy: The majority of cancer 
patients are treated with novel, experimental therapies, in 
many cases with little insight into the mechanism of action of 
the specific agent, the Suitability of a particular treatment for 
different disease subsets, and little knowledge into optimal 
dose and Scheduling of therapeutics in different malignant 
settings. The end result is empiric clinical investigation, in 
which patients with refractory malignancies are treated with 
a spectrum of novel agents without knowledge of which 
therapeutic approaches are best for different clinical contexts. 
0008 HSP90 is a highly sought target in cancer because of 

its critical role in stabilizing and folding proteins involved in 
oncogenic transformation. Given their potential to degrade a 
number of different oncoproteins and affect multiple signal 
ing pathways, HSP90 inhibitors (HSP90i) have been hypoth 
esized to be active in a wide variety of cancers. Early clinical 
trials have confirmed the therapeutic potential of this 
approach in a subset of tumors, but finding biomarkers to 
predict which cancers and patient populations will be most 
sensitive to such treatment has proven challenging. Such poor 
understanding and selection of the adequate patient popula 
tion has led to a large number of emerging HSP90 cancer 
therapeutics progressing slowly or failing to continue devel 
opment. Immediate efforts to identify the responsive popula 
tion and to develop a companion diagnostic assay for HSP90 
therapy are therefore urgently needed. 
0009. The design of a proper dose and schedule needed to 
achieve anti-tumor efficacy is also poorly understood in 
HSP90 therapy. Plasma pharmacokinetics generally provide 
data informative for the design of therapeutic dosing, with the 
plasma area under the curve (AUC) often as a metric of 
systemic drug exposure. However, for HSP90 inhibitors, the 
concentration and duration of retention of drugs in tumor 
tissues, and not in blood, determines their anti-tumor 
effect''. Specifically, most HSP90 inhibitors are charac 
terized by an atypical pharmacokinetic profile of rapid clear 
ance from plasma and normal tissues but relatively prolonged 
drug retention in tumors (i.e. for over 12–48 h post-adminis 
tration). As such, clinical understanding of tumor response to 
HSP90 therapy remains severely limited if response is corre 
lated with the injected dose, rather than the tumor dose. The 
limited value of plasma pharmacokinetics and the importance 
of tumor dose for tumor response Suggest the need for the 
clinical development of an assay of tumor pharmacokinetics 
for HSP90 inhibitors. A validated, clinically practical non 
invasive assay of tumor HSP90 would enable therapeutic 
dosing to focus upon achieving a steady-state tumor drug 
concentration, rather than a Surrogate steady-state plasma 
concentration. Such assay could indicate if at or below a 
maximum permitted dosage, therapeutically effective tumor 
concentrations could be achieved. In case of contrary, patients 
could pursue an alternative treatment sparing them needless 
exposure to potential drug toxicity without a clinical benefit. 
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0010. To overcome these limitations associated with 
HSP90 therapy, we here design and develop a non-invasive 
assay that we propose will facilitate the optimal clinical 
implementation, development and use of HSP90 inhibitors in 
CaCCS. 

3. SUMMARY OF DISCLOSURE 

0011. This invention provides methods of using labeled 
HSP90 inhibitors to improve treatment of cancer patients 
with HSP90 inhibitors. 
0012. The disclosure provides evidence that the abun 
dance of this particular “oncogenic HSP90 species, which is 
not dictated by HSP90 expression alone, predicts for sensi 
tivity to HSP90 inhibition therapy, and thus is a biomarker for 
HSP90 therapy. The disclosure also provides evidence that 
identifying and measuring the abundance of this oncogenic 
HSP90 species in tumors predicts of response to HSP90 
therapy. “Oncogenic HSP90 is defined herein as the HSP90 
fraction that represents a cell stress specific form of chaper 
one complex, that is expanded and constitutively maintained 
in the tumor cell context, and that may execute functions 
necessary to maintain the malignant phenotype. Such roles 
are not only to regulate the folding of overexpressed (i.e. 
HER2), mutated (i.e. mB-Raf) or chimeric proteins (i.e. Bcr 
Abl), but also to facilitate scaffolding and complex formation 
of molecules involved in aberrantly activated signaling com 
plexes (i.e. STAT5, BCL6). While the tumor becomes 
addicted to survival on a network of HSP90-oncoproteins, 
these proteins become dependent on “oncogenic HSP90” for 
functioning and stability. This symbiotic interdependence 
suggests that addiction of tumors to HSP90 oncoproteins 
equals addiction to “oncogenic HSP90. Measuring the abun 
dance of the latter is a read-out of the first, and therefore, in 
accordance with the present disclosure, is a biomarker for 
HSP90 therapy enrichment. 
0013 Furthermore, we show that HSP90 forms biochemi 
cally distinct complexes in malignant cells. A major fraction 
of cancer cell HSP90 retains “housekeeping chaperone 
functions similar to normal cells, whereas a functionally dis 
tinct HSP90 pool enriched or expanded in cancer cells (i.e., 
“oncogenic HSP90) specifically interacts with oncogenic 
proteins required to maintain tumor cell Survival, aberrant 
proliferative features and invasive and metastatic behavior. 
0014) To measure in a tumor-by-tumor manner the abun 
dance of the “oncogenic HSP90, the invention also provides 
chemical tools. Such tools include fluorescently labeled and 
ANCA-labeled HSP90 inhibitors, biotinylated HSP90 inhibi 
tors and radiolabeled inhibitors that specifically identify and 
interact with this tumor “oncogenic HSP90 species, making 
it feasible to measure the abundance of the “oncogenic 
HSP90 species in different types of tumors, tumor cells, 
tumor-supporting cells and tumor-associated biological for 
mations, such as in hematologic malignancies, Solid tumors 
and liquid tumors, and thus, measure and predict sensitivity to 
HSP90 inhibition therapy. These may be in the form ofbut not 
limited to cancer cells in a solid or liquid tumor, cancer stem 
cells, circulating tumor cells, tumor Supporting immune cells, 
exosomes and tumor-supporting progenitor cells. 
0015. In one aspect, the disclosure provides a method for 
determining whether a tumor will likely respond to therapy 
with an HSP90 inhibitor which comprises the following 
steps: 

0016 (a) contacting the tumor or a sample containing 
cells from the tumor with a detectably labeled HSP90 
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inhibitor which binds preferentially to a tumor-specific 
form of HSP90 present in a tumor or tumor cells; 

0017 (b) measuring the amount of labeled HSP90 
inhibitor bound to the tumor or the tumor cells in the 
sample; and 

(0.018 (c) comparing the amount of labeled HSP90 
inhibitor bound to the tumor or the tumor cells in the 
sample measured in step (b) to the amount of labeled 
HSP90 inhibitor bound to a reference; 

wherein a greater amount of labeled HSP90 inhibitor bound 
to the tumor or the tumor cells measured in step (b) as com 
pared with the reference amount indicates the tumor will 
likely respond to the HSP90 inhibitor. 
0019. In one embodiment the reference is from cells of the 
same patient with the tumor. The reference can be normal 
cells from the cancer patient. For instance, the normal cells 
can be lymphocytes from a patient with a blood tumor, leu 
kocytes from a patient with circulating tumor cells or normal 
tissue Surrounding a solid tumor. In another embodiment the 
reference is a tumor cell or another cell from the cancer 
patient with little to no expression of the oncogenic HSP90. In 
another embodiment, the reference is from cells of a different 
patient than the patient with the tumor. For instance, the 
reference can be from cells of a healthy individual or cells 
with little to no expression of the oncogenic HSP90 from a 
cancer patient other than the patient with the tumor to be 
measured. 
0020. In one aspect, the disclosure provides a method for 
determining whether a tumor will likely respond to therapy 
with an HSP90 inhibitor which comprises the following 
steps: 

0021 (a) contacting the tumor or a sample containing 
cells from the tumor with a first delectably labeled 
HSP90 inhibitor which binds preferentially to a tumor 
specific form of HSP90 present in a tumor or tumor cells 
and a second detectably labeled inhibitor which has 
minimal or no binding to the tumor-specific form of 
HSP90; 

0022 (b) measuring the amount of first labeled inhibitor 
and second labeled inhibitor bound to the tumor or the 
tumor cells in the sample; and 

0023 (c) comparing the amount of first labeled inhibi 
tor bound to the tumor or the tumor cells with the amount 
of second labeled inhibitor bound to the tumor or tumor 
cells, 

wherein a greater amount of first labeled inhibitor bound to 
the tumor or tumor cells as compared with the second labeled 
inhibitor bound to the tumor or tumor cells indicates the 
tumor will likely respond to the HSP90 inhibitor. 
0024. In one embodiment, the labeled HSP90 inhibitor is 
fluorescently labeled or ANCA-labeled inhibitor that is cell 
permeable and that selectively binds to “oncogenic HSP90. 
For example, different fluorescently labeled and ANCA-la 
beled versions of the HSP90 inhibitor PU-H71 are provided 
that have been optimized for use in flow cytometry and for the 
analysis of cancer cells found in or isolated from a solid or 
liquid tumor, cancer stem cells, circulating tumor cells, tumor 
Supporting immune cells, exosomes and tumor-supporting 
progenitor cells, and for use in tissue staining for samples 
obtained by several interventional methods such as biopsies, 
Surgeries and fine needle aspirates. 
0025. In one such embodiment, we show that fluorescently 
labeled inhibitors such as PU-H71-FITC2 (Section 5.2.1.1.) 
can be used to measure the abundance of “oncogenic HSP90 
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in tissues obtained from Such sources as biopsies and Surgery 
specimens. In another embodiment, we show that fluores 
cently labeled inhibitors such as PU-H71-FITC2 can be used 
to measure the abundance of “oncogenic HSP90 in estab 
lished cancer cell lines or in primary cancer cells. In still 
another embodiment we show that fluorescently labeled 
inhibitors can be used to measure the abundance of “onco 
genic HSP90 in cells isolated from cancer specimens such as 
from tumors, in cancer stem cells, in circulating tumor cells 
and in cancer cells obtained from fine needle aspirates. In still 
other embodiments, we show that the other fluorescently 
labeled, ANCA-labeled and biotinylated HSP90 inhibitors 
that are also useful to perform the above mentioned measure 
mentS. 

0026. In another embodiment, the labeled HSP90 inhibi 
tor is a radiolabeled inhibitor that selectively binds to “onco 
genic HSP90. For example, different versions of radiola 
beled PU-H71 have been optimized for PET imaging. In a 
particular embodiment, iodine 124 radiolabeled versions of 
PU-H71 are for PET imaging of solid and liquid tumors. The 
radiolabeled inhibitors can be used to image numerous types 
of primary and metastatic cancers including but not limited to 
colorectal cancer, pancreatic cancer, thyroid cancer, basal cell 
carcinoma, melanoma, renal cell carcinoma, bladder cancer, 
prostate cancer, a lung cancer including Small cell lung cancer 
and non-Small cell lung cancer, breast cancer, neuroblastoma, 
gastrointestinal cancers including gastrointestinal stromal 
tumors, esophageal cancer, stomach cancer, liver cancer, gall 
bladder cancer, anal cancer, brain tumors including gliomas, 
lymphomas including follicular lymphoma and diffuse large 
B-cell lymphoma, leukemias, myelomas, myeloproliferative 
neoplasms and gynecologic cancers including ovarian, cervi 
cal, and endometrial cancers. 
0027. The disclosure further provides means to measure in 
a tumor-by-tumor manner the abundance of the “oncogenic 
HSP90” in solid tumors such as, but not limited to, those 
tumors listed above and in liquid tumors, such as, but not 
limited to, those associated with lymphomas, leukemias, 
myelomas and myeloproliferative neoplasms. In one embodi 
ment, the invention shows that by the use of Iodine 124 
labeled HSP90 inhibitors that specifically interact with the 
“oncogenic HSP90 it is possible to use non-invasively PET 
imaging and quantify the “oncogenic HSP90 in patients, in 
Solid tumors and liquid tumors. 
0028. In one aspect, the disclosure provides a method for 
determining whether a patient with hematologic malignan 
cies such as blood cancer (e.g., leukemias) will likely respond 
to therapy with an HSP90 inhibitor which comprises contact 
ing a sample containing cancer cells from the patient and 
reference non-cancer cells with a cell permeable fluores 
cently labeled HSP90 inhibitor that binds preferentially to a 
tumor-specific form of HSP90 present in the cancer cells of 
the patient, measuring the amount of fluorescently labeled 
HSP90 inhibitor bound to the cancer cells and non-cancer in 
the sample, and comparing the amount of the fluorescently 
labeled HSP90 inhibitor bound to the cancer cells with the 
amount of the fluorescently labeled HSP90 inhibitor bound to 
the non-cancer cells, wherein a greater amount of fluores 
cently labeled HSP90 inhibitor bound to the cancer cells than 
the non-cancer cells indicates the tumor will likely respond to 
the HSP90 inhibitor. 

0029. In one such embodiment the reference normal cells 
are normal cells (e.g., lymphocytes) which are from the same 
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patient as the cancer cells. In another embodiment, the refer 
ence non-cancer cells are obtained from a different patient 
than the cancer patient. 
0030. In another aspect, the disclosure provides a method 
for determining whether a patient with a solid tumor will 
likely respond to therapy with an HSP90 inhibitor which 
comprises contacting a sample, Such as obtained from biopsy, 
Surgery, fine needle aspirates or other interventional proce 
dure, containing cancer cells and non-cancer cells from the 
patient (e.g. Surrounding stroma, benign cells or other types 
of normal cells in the specimen) with a cell permeable fluo 
rescently labeled HSP90 inhibitor that binds preferentially to 
a tumor-specific form of HSP90 present in the cancer cells of 
the patient, measuring the amount of fluorescently labeled 
HSP90 inhibitor bound to the cancer cells and non-cancer 
cells in the sample, and comparing the amount of the fluores 
cently labeled HSP90 inhibitor bound to the cancer cells with 
the amount of the fluorescently labeled HSP90 inhibitor 
bound to the non-cancer cells, wherein a greater amount of 
fluorescently labeled HSP90 inhibitor bound to the cancer 
cells than the non-cancer cells indicate that the tumor will 
likely respond to the HSP90 inhibitor. 
0031. The disclosure also provides a method for determin 
ing whether a patient with a solid tumor will likely respond to 
therapy with an HSP90 inhibitor which comprises contacting 
a sample containing circulating cancer cells and non-cancer 
cells (e.g., leukocytes) from the patient with a cell permeable 
fluorescently labeled HSP90 inhibitor that binds preferen 
tially to a tumor-specific form of HSP90 present in the cancer 
cells of the patient, measuring the amount of fluorescently 
labeled HSP90 inhibitor bound to the cancer cells and non 
cancer in the sample, and comparing the amount of the fluo 
rescently labeled HSP90 inhibitor bound to the cancer cells 
with the amount of the fluorescently labeled HSP90 inhibitor 
bound to the non-cancer cells, wherein a greater amount of 
fluorescently labeled HSP90 inhibitor bound to the cancer 
cells than the non-cancer cells indicates the tumor will likely 
respond to the HSP90 inhibitor. 
0032. In an alternative embodiment, the reference non 
cancer cells are obtained from a patient other than the patient 
with the tumor 
0033. In another aspect, the disclosure provides methods 
for using radiolabeled HSP90 inhibitors to determine patients 
who will be susceptible to HSP90 inhibition therapy. 
0034. In one such embodiment, the disclosure provides 
methods for determining whether a cancer patient with an 
imagable tumor will likely respond to therapy with an inhibi 
tor of HSP90 which comprises the following steps: 

0035 (a) administering to the patient a radiolabeled 
HSP90 inhibitor which binds preferentially to a tumor 
specific form of HSP90 present in the tumor or in tumor 
cells of the tumor; 

0036) (b) measuring uptake of the radiolabeled HSP90 
inhibitor by the patients tumor at one or more time 
points after the administration in step (a): 

0037 (c) measuring uptake of the radiolabeled HSP90 
inhibitor by a predetermined healthy tissue or blood of 
the patient at said one or more time points after the 
administration in step (a): 

0.038 (d) computing a ratio of the uptake measured at 
one or multiple time points in step (b) with the uptake 
measured at the same time points in step (c); and 

0.039 (e) determining the likelihood the cancer patient 
will respond to therapy with the inhibitor of HSP90, 
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wherein a ratio greater than 2 computed in step (d) at one 
or multiple time points indicates that the patient will 
likely respond. 

0040. In another embodiment, the disclosure provides a 
method for determining whether a cancer patient with an 
imagable tumor will likely respond to therapy with an inhibi 
tor of HSP90 which comprises the following steps: 

0041 (a) administering to the patient a radiolabeled 
HSP90 inhibitor which binds preferentially to a tumor 
specific form of HSP90 present in the tumor or in tumor 
cells of the tumor; 

0042 (b) measuring uptake of the radiolabeled HSP90 
inhibitor by the patient's tumor at one or more time 
points more than 4 hours after the administration in step 
(a), 

wherein an uptake of the inhibitor at said one or more time 
points relative to the uptake in healthy tissue Surrounding the 
tumor indicates that the patient will likely respond to therapy 
with an inhibitor of HSP90. 
0043. In yet another embodiment, the disclosure provides 
a method for determining whether an imagable tumor will 
likely respond to therapy with an inhibitor of HSP90 which 
comprises the following steps: 

0044 (a) administering to the patient a radiolabeled 
HSP90 inhibitor which binds preferentially to a tumor 
specific form of HSP90 present in the tumor or in tumor 
cells of the tumor; 

0045 (b) visually inspecting by PET the uptake of the 
radiolabeled inhibitor in the tumor or in tumor cells of 
the tumor at one or more time points 2 hours or more 
following administration of the radiolabeled HSP90 
inhibitor in step (a), 

0046 (c) comparing the PET image obtained in step (b) 
with the PET image obtained in healthy tissue surround 
ing the tumor at said one or more time points; 

wherein the presence of an illuminated region in the PET 
image in the tumor or in tumor cells of the tumor at said one 
or more time points indicates that the patient will likely 
respond to HSP90 inhibition therapy. 
0047. In still another embodiment, the disclosure provides 
a method for determining whether a specific cancer patient 
with a tumor expressing the oncogenic HSP90 will likely 
respond to therapy with a defined dose of an inhibitor of 
HSP90 which comprises the following steps: 

0048 (a) administering to the patient a radiolabeled 
form of the HSP90 inhibitor which binds preferentially 
to a tumor-specific form of HSP90 present in the tumor 
or in tumor cells of the tumor; 

0049 (b) measuring uptake of the radiolabeled form of 
the HSP90 inhibitor by the patient’s tumor at one or 
more time points after the administration in step (a): 

0050 (c) calculating for the defined dose of the HSP90 
inhibitor, the concentrations of the HSP90 inhibitor 
which would be present in the patient’s tumor at each of 
said one or more time points, based on the uptake mea 
Sured at said one or more time points in step (b); and 

0051 (d) comparing the concentrations of the HSP90 
inhibitor calculated in step (c) with reference concentra 
tions of the HSP90 inhibitor which would need to be 
present in the tumor at said one or more time points for 
the HSP90 inhibitor to be effective in treating the tumor, 

wherein the patient will likely respond to therapy with the 
defined dose of the HSP90 inhibitor if the concentrations of 
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the HSP90 inhibitor calculated in step (c) would equal or 
exceed the concentrations of the HSP90 inhibitor needed to 
effectively treat the tumor. 
0052. In another aspect, we show that radiolabeled HSP90 
inhibitors can be used to determine effective doses and dosing 
Schedules of HSP90 inhibitors. 
0053. In one such embodiment, the disclosure provides a 
method for determining whether a specific cancer patient 
with a tumor expressing the oncogenic HSP90 will likely 
respond to therapy with a defined dose of an inhibitor of 
HSP90 which comprises the following steps: 

0.054 (a) administering to the patient a radiolabeled 
form of the HSP90 inhibitor which binds preferentially 
to a tumor-specific form of HSP90 present in the tumor 
or in tumor cells of the tumor; 

0.055 (b) measuring uptake of the radiolabeled form of 
the HSP90 inhibitor by the patient’s tumor at one or 
more time points after the administration in step (a): 

0056 (c) calculating for the defined dose of the HSP90 
inhibitor, the concentrations of the HSP90 inhibitor 
which would be present in the patient’s tumor at each of 
said one or more time points, based on the uptake mea 
Sured at said one or more time points in step (b); and 

0057 (d) comparing the exposure of the tumor to the 
HSP90 inhibitor calculated in step (c) with a reference 
exposure to the HSP90 inhibitor which would need to be 
present in the tumor at said one or more time points for 
the HSP90 inhibitor to be effective in treating the tumor, 

wherein the patient will likely respond to therapy with the 
defined dose of the HSP90 inhibitor if the tumor exposure to 
the HSP90 inhibitor calculated in step (c) would equal or 
exceed the tumor exposure to the HSP90 inhibitor needed to 
effectively treat the tumor. 
0.058 Additional embodiments include a method for 
determining, for a specific cancer patient with an imagable 
tumor, an effective dose and frequency of administration for 
therapy with an inhibitor of HSP90; a method for determining 
the concentration of a HSP90 inhibitor present in an imagable 
tumor in a cancer patient; and a method for determining or 
monitoring the responsiveness to therapy with an inhibitor of 
HSP90 of a tumor in a cancer patient. 
0059. In yet another embodiment, this disclosure provides 
a method for determining, for a specific cancer patient with a 
tumor that expresses the oncogenic HSP90, an effective dose 
and frequency of administration for therapy with an inhibitor 
of HSP90 which comprises the following steps: 

0060 (a) administering to the patient a radiolabeled 
form of the HSP90 inhibitor which binds preferentially 
to a tumor-specific form of HSP90 present in a tumor or 
tumor cells; 

0061 (b) measuring uptake of the radiolabeled form of 
the HSP90 inhibitor by the patient’s tumor at one or 
more time points after the administration in step (a); and 

0062 (c) calculating the dose and frequency of admin 
istration needed to maintain in the tumor at each of said 
one or more time points a concentration of the HSP90 
inhibitor effective to treat the tumor, based on the uptake 
measured at said one or more time points in step (b). 
thereby determining, for the cancer patient, the effective 
dose and frequency of administration for therapy with 
the inhibitor of HSP90. 

0063. In still another embodiment, this disclosure pro 
vides a method for determining, for a specific cancer patient 
with a tumor expressing the oncogenic HSP90, an effective 
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dose and frequency of administration for therapy with an 
inhibitor of HSP90 which comprises the following steps: 

0064 (a) administering to the patient a radiolabeled 
form of the HSP90 inhibitor which binds preferentially 
to a tumor-specific form of HSP90 present in a tumor or 
tumor cells; 

0065 (b) measuring uptake of the radiolabeled form of 
the HSP90 inhibitor by the patient’s tumor at one or 
more time points after the administration in step (a); and 

0.066 (c) calculating the dose and frequency of admin 
istration needed to maintain in the tumor over the period 
of treatment an average tumor concentration of the 
HSP90 inhibitor effective to treat the tumor, based on the 
uptake measured at said one or more time points in step 
(b), thereby determining, for the cancer patient, the 
effective dose and frequency of administration for 
therapy with the inhibitor of HSP90. 

0067. In a still further aspect, the disclosure provides a 
method for determining the concentration of an HSP90 
inhibitor present in a tumor expressing the oncogenic HSP90 
in a cancer patient which comprises the following steps: 

0068 (a) co-administering to the patient a predeter 
mined amount of the HSP90 inhibitor and an amount of 
a radiolabeled form of the HSP90 inhibitor which binds 
preferentially to a tumor-specific form of HSP90 present 
in a tumor or tumor cells; 

0069 (b) periodically measuring the uptake of the 
radiolabeled HSP90 inhibitor by the patient’s tumor at 
one or more time point(s) after the co-administration in 
step (a); and 

(0070 (c) determining the concentration of the HSP90 
inhibitor present in the tumor at any such time point 
based on the measurements of the uptake of the radiola 
beled HSP90 inhibitor in step (b). 

0071. In yet another aspect, the disclosure provides a 
method for determining the responsiveness to therapy with an 
inhibitor of HSP90 of a tumor expressing the oncogenic 
HSP90 in a cancer patient which comprises the following 
steps: 

0072 (a) administering a radiolabeled form of the 
HSP90 inhibitor which binds preferentially to a tumor 
specific form of HSP90 present in a tumor or tumor cells, 
to the patientatone or more time points within the period 
during which the patient is receiving the inhibitor of 
HSP90 as therapy: 

0073 (b) measuring the concentration of the radiola 
beled HSP90 inhibitor in the patient's tumor at said one 
or more time points after the administration in step (a): 
and 

0074 (c) comparing the concentrations of the radiola 
beled HSP90 inhibitor measured in step (b) with the 
minimum concentration of the HSP90 inhibitor needed 
to effectively treat the tumor, wherein measured concen 
trations greater than the minimum needed to treat the 
tumor indicate that the patient is likely to respond to 
therapy with the HSP90 inhibitor. 

0075. In another aspect, the disclosure provides method 
for determining whether a patient Suffering from a neurode 
generative disease will likely respond to therapy with an 
HSP90 inhibitor which comprises the following steps: 

0076 (a) contacting the brain with a radiolabeled 
HSP90 inhibitor which binds preferentially to a patho 
genic form of HSP90 present in a brain cells of the 
patient; 
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0.077 (b) measuring the amount of labeled HSP90 
inhibitor bound to the brain cells in the sample; and 

0078 (c) comparing the amount of labeled HSP90 
inhibitor bound to the brain cells in the sample measured 
in step (b) to a reference amount; 

0079 wherein a greater amount of labeled HSP90 
inhibitor bound to the brain cells measured in step (b) as 
compared with the reference amount indicates the 
patient will likely respond to the HSP90 inhibitor. 

0080. In another aspect, the disclosure provides methods 
of treating HSP90 dependent cancers with the HSP90 inhibi 
tor PU-H71. In particular embodiments, methods of treating 
HSP90 dependent cancers to achieve specific tumor expo 
sures of PU-H71 are provided. In other embodiments, novel 
dosing regimens of PU-H71 are provided. 
I0081. In another aspect, the disclosure provides a method 
for determining whether a human cancer present in a patient 
will likely respond to therapy with an HSP90 inhibitor which 
comprises: 

0082 (a) obtaining a sample containing cells from the 
patient’s cancer, which cells express HSP90 protein 
alone or in addition to HSP70 protein; 

0.083 (b) assessing for the cells present in the sample 
obtained in step (a) the presence of at least one of the 
following parameters: an activated AKT pathway, a 
defect in PTEN tumor suppressor function or expres 
sion, an activated STAT5 pathway, or Bcl-XL protein 
expression; and 

0084 (c) comparing the assessment obtained in step (b) 
with a predetermined reference assessment of the same 
parameter or parameters assessed in Step (b) for human 
cancer cells from one or more cancer patient(s) who 
responded to therapy with the HSP90 inhibitor so as to 
thereby determine whether the patients cancer will 
likely respond to therapy with the HSP90 inhibitor. 

I0085. In one embodiment, human cancers currently of 
considerable interest for use of this particular method are 
breast cancer, pancreatic cancer and acute myeloid leukemia. 
I0086 Methods for assessing each of the parameters are 
well known in the art and readily available. However a cor 
relation of one or more of these particular parameters with 
predicting the efficacy of a HSP90 inhibitor has not been 
shown previously. Although in theory a single parameter may 
be sufficient to enable a skilled practitioner to predict the 
efficacy of any given HSP90 inhibitor, it is more likely that at 
least 2, perhaps at least 3 or more or even all of these param 
eters will need to be taken into account to make a Sound 
prediction of efficacy. 

4. BRIEF DESCRIPTION OF FIGURES 

I0087 FIG. 1. PU-H71 preferentially interacts with a 
restricted fraction of HSP90 that is more abundant in cancer 
cells. (a) Sequential immuno-purification steps with H9010, 
an anti-HSP90 antibody, deplete HSP90 in the MDA-MB 
468 cell extract. Lysate-control cell extract. (b) HSP90 from 
MDA-MB-468 extracts was isolated through sequential 
chemical- and immuno-purification steps. The amount of 
HSP90 in each pool was quantified by densitometry and 
values were normalized to an internal standard. (c) Saturation 
studies were performed with ''I-PU-H71 in the indicated 
cells. All the isolated cell samples were counted and the 
specific uptake of ''I-PU-H71 determined. These data were 
plotted against the concentration of ''I-PU-H71 to give a 
saturation binding curve. Representative data of four separate 
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repeats is presented (lower). Expression of HSP90 in the 
indicated cells was analyzed by Western blot (upper). (d) 
Primary AML and CML, CD34+ cord blood cells (CB), or 
K562 cells were pre-treated with the indicated doses of PU 
H71 for 24 h. Post-treatment cells were treated with 1 uM 
PU-FITC. Binding of PU-FITC to the cells was evaluated by 
flow cytometry and is represented as mean fluorescence 
intensity (MFI). TEG-FITC is shown as a non-specific bind 
ing control. CD45 VS. SSC gating was used to distinguish 
binding to blast or lymphocytes from the primary specimens. 
(e) Percent viability relative to untreated control for primary 
AML and CML, CD34+ CB or K562 cells after treatment at 
the indicated doses of PU-H71. Cell viability was evaluated 
by annexin V/7-AAD staining 96 h post-treatment. Data are 
presented as means-SE (n=3). 
0088 FIG. 2. PU-H71 is selective for and isolates HSP90 
in complex with oncoproteins and co-chaperones. (a) HSP90 
complexes in K562 extracts were isolated by precipitation 
with H9010, a non-specific IgG, or by PU-H71- or Control 
beads. Control beads contain ethanolamine, an HSP90-inert 
molecule. Proteins in pull-downs were analyzed by Western 
blot. (b,c) Single or sequential immuno- and chemical-pre 
cipitations, as indicated, were conducted in K562 extracts 
with H9010 and PU-beads at the indicated frequency and in 
the shown sequence. Proteins in the pull-downs and in the 
remaining supernatant were analyzed by WB. NS=non-spe 
cific. (d) K562 cell were treated for 24 h with vehicle (-) or 
PU-H71 (+), and proteins analyzed by Western blot (e) 
Expression of proteins in Hsp70-knocked-down cells was 
analyzed by Western blot (left) and changes in protein levels 
presented in relative luminescence units (RLU) (right). 
Control=scramble siRNA. (f) Sequential chemical-precipita 
tions, as indicated, were conducted in K562 extracts with 
GM-, SNX- and NVP-beads at the indicated frequency and in 
the shown sequence. Proteins in the pull-downs and in the 
remaining Supernatant were analyzed by Western blot. (g) 
HSP90 in K562 cells exists in complex with both aberrant, 
Bcr-Abl, and normal, c-Abl, proteins. PU-H71, but not 
H9010, selects for the HSP90 population that is Bcr-Abl 
onco-protein bound. 
I0089 FIG. 3. (a,b) HSP90 from breast cancer and CML 
cell extracts (120 g) was isolated through serial chemical 
and immuno-purification steps, as indicated. The Supernatant 
was isolated to analyze the left-over HSP90. HSP90 in each 
fraction was analyzed by Western blot. Lysate-endogenous 
protein content; PU-, GM- and Control-beads indicate pro 
teins isolated on the particular beads. H9010 and IgG indicate 
protein isolated by the particular Ab. Control beads contain an 
HSP90 inert molecule. The data are consistent with those 
obtained from multiple repeat experiments (n2). (c) HSP90 
binding of PE conjugated antibody vs PU-H71-FITC. The 
percent of total cellular HSP90 isolated by PU-H71 is indi 
cated for each cell line above the data bar. (d) Sequential 
chemical- and immuno-purification steps were performed in 
peripheral blood leukocyte (PBL) extracts (250 lug) to isolate 
PU-H71 and H9010-specific HSP90 species. All samples 
were analyzed by Western blot. (upper). Binding to HSP90 in 
PBL was evaluated by flow cytometry using an HSP90-PE 
antibody and PU-H71-FITC. FITC-TEG-control for non 
specific binding (lower). (e) Correlation for binding of 
PU-H71-FITC (1 uM) to HSP90 versus percent viability after 
treatment with PU-H71 in a panel of 14 leukemia cell lines: 
Kasumi-1, Kasumi-4, KCL-22, REH, TF-1, KG-1, HL-60, 
OCI-AML3, K562, MOLM-13, TUR, THP-1, U937 and 
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MV4-11. Total HSP90 levels in these cells are similar, as 
demonstrated by Western blot (not shown). 
0090 FIG. 4. (a) Flow cytometric dot plots demonstrate 
the gating strategy used for primary chronic myeloid leuke 
mia (CML) samples to distinguish blast (CD45dim, red 
circles) and non-malignant lymphocytes (blue circles). (b) 
Ratio for PU-H71-FITC binding to HSP90 in CML blasts to 
normal lymphocytes from the primary CML patient samples 
shown in (a). (c) Percent viability of CML blasts (red) or 
normal lymphocytes (blue) relative to untreated control for 
the primary CML samples shown in (a) after treatment at the 
indicated time points and doses of PU-H71. (d) Flow cyto 
metric dot plots demonstrate the gating strategy used for 
primary chronic phase CML (cpCML) samples to distinguish 
blast (CD45dim, red circle) and non-malignant lymphocytes 
(blue circle) and to analyze binding of CD34+ cells (red 
square) within the blast gate (CD45dim, red circle). CD45 vs. 
SSC dot plots were pre-gated on viable cells based on 7-AAD 
discrimination. (e) Ratio for PU-H71-FITC binding to 
HSP90 in chronic phase CML (cpCML) CD34+ cells and to 
normal lymphocytes. (f) Percent viability of cpCML CD34+ 
cells (red) and normal lymphocytes (blue) relative to 
untreated control after treatment for 48 h with 1 uMPU-H71 
FITC or TEG-FITC. (g) Ratio for PU-H71-FITC binding to 
Hsp90 in CD34+ cells and lymphocytes from normal cord 
blood, chronic phase CML (cpCML) and blast phase 
(bpCML) cells (n=5). (h) Percent viability after 48 h treat 
ment with PU-H71 (1 uM) of blast and chronic CMLCD34+ 
cells, and normal CD34+ cells (from cord blood; CB) relative 
to untreated control. Cell viability in panels c. f. and h was 
evaluated by annexin V/7-AAD staining. Data are presented 
as means-SE (n=3). 
(0091 FIG.5. (a) Within normal cells, constitutive expres 
sion of HSP90 is required for its evolutionarily conserved 
housekeeping function of folding and translocating cellular 
proteins to their proper cellular compartment ("housekeeping 
complex”). Upon malignant transformation, cellular proteins 
are perturbed through mutations, hyperactivity, retention in 
incorrect cellular compartments or other means. The presence 
of these functionally altered proteins is required to initiate 
and maintain the malignant phenotype, and it is these onco 
genic proteins that are specifically maintained by a Subset of 
stress modified HSP90 ("oncogenic complex”). PU-H71 spe 
cifically binds to the fraction of HSP90 that chaperones onco 
genic proteins (“oncogenic complex”). (b) HSP90 and its 
interacting co-chaperones were isolated in K562 cell extracts 
using PU- and Control-beads, and H9010 and IgG immobi 
lized Abs. Control beads contain an HSP90 inert molecule. 
(c) HSP90 from K562 cell extracts was isolated through three 
serial immuno-purification steps with the H9010 HSP90 spe 
cific antibody. The remaining Supernatant was isolated to 
analyze the left-over proteins. Proteins in each fraction were 
analyzed by Western blot. Lysate-endogenous protein con 
tent. The data are consistent with those obtained from mul 
tiple repeat experiments (ne2). 
0092 FIG. 6. GM and PU-H71 are selective for aberrant 
protein/HSP90 species. (a) Bcr-Abl and Abl bound HSP90 
species were monitored in experiments where a constant Vol 
ume of PU-H71 beads (80 uL) was probed with indicated 
amounts of K562 cell lysate (left), or where a constant 
amount of lysate (1 mg) was probed with the indicated vol 
umes of PU-H71 beads (right). (b) (left) PU- and GM-beads 
(80 LL) recognize the HSP90-mutant 13-Raf complex in the 
SKMel28 melanoma cell extract (300 lug), but fail to interact 
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with the HSP90-WT B-Raf complex found in the normal 
colon fibroblast CCD18Co extracts (300 g). H9010 HSP90 
Ab recognizes both HSP90 species. (c) In MDA-MB-468 cell 
extracts (300 ug). PU- and GM-beads (80 ul) interact with 
HERS and Raf-1 kinase but not with the non-oncogenic 
tyrosine-protein kinase CSK, a c-Src related tyrosine kinase, 
and p38. (d) (right) PU-beads (80 uL) interact with v-Src./ 
HSP90 but not c-Src/HSP90 species. To facilitatec-Src detec 
tion, a protein in lower abundance than V-Src, higher amounts 
of c-Src expressing 3T3 cell lysate (1,000 g) were used when 
compared to the V-Src transformed 3T3 cell (250 ug), provid 
ing explanation for the higher HSP90 levels detected in the 
3T3 cells (Lysate, 3T3 fibroblasts vs V-Src 3T3 fibroblasts). 
Lysate-endogenous protein content; PU-, GM- and Control 
beads indicate proteins isolated on the particular beads. 
HSP90 Ab and IgG indicate protein isolated by the particular 
Ab. Control beads containan HSP90 inert molecule. The data 
are consistent with those obtained from multiple repeat 
experiments (in a 2). 
0093 FIG. 7. Single chemical-precipitations were con 
ducted in Bcr-Abl-expressing CML cell lines (a) and in pri 
mary CML cell extracts (b) with PU- and Control-beads. 
Proteins in the pull-downs were analyzed by Western blot. 
Several Bcr-Abl cleavage products are noted in the primary 
CML samples as reported'. N/A not available. 
0094 FIG.8. Structures of several HSP90 inhibitors. 
0095 FIG. 9. Fluorescent ligands for the heat shock pro 
tein 90 (HSP90) synthesized containing either fluorescein 
isothiocyanate (FITC), 4-nitrobenzo.1.2.5 oxadiazole 
(NBD) orthered shifteddye sulforhodamine 101 (Texas Red) 
conjugated to PU-H71. 
0096 FIG. 10. Reagents and conditions for the reaction 
scheme shown: (a) FITC, EtN, DMF, rt, 12 h, 40%; (b) Texas 
Red sulfonylchloride, DMF, 0-10°C., 12h, 61%; (c) DMF, rt, 
20 h, 47%. 
0097 FIG. 11. Reagents and conditions for the reaction 
scheme shown: (a) FITC, EtN, DMF, rt, 5h, 72%; (b) NBD 
C1, EtN, DMF, rt, 12 h, 40%. 
0098 FIG. 12. Reagents and conditions for the reaction 
scheme shown: (a) N-(3-bromopropyl)-phthalimide, 
CsCO, DMF, rt, 34%; (b) hydrazine hydrate, MeOH, 
CHCl, rt, 64%; (c) FITC, EtN, DMF, rt, 12 h, 74%; (d) 
NBD-C1, Et N, DMF, rt, 12 h, 42%. 
0099 FIG. 13. (A) MOLM-13 cells were treated with the 
indicated PU-H71-fluorescent derivatives (1 uM) at 37° C. for 
4 hand binding to live cells (DAPI negative) measured by 
flow cytometry. The extent of binding is shown as mean 
fluorescence intensity (MFI). (B) MOLM-13 cells were 
treated with the indicated PU-H71-fluorescent derivatives (1 
uM) at 37° C. for 24 h. Their viability was determined by 
DAPI exclusion. (C) MOLM-13 cells were treated with the 
indicated PU-H71-fluorescent derivatives (1 uM) for 24 h. 
The steady-state level of the HSP90 client proteins mFLT3 
and Raf-1 was analyzed by Western blot. B-Actin was used to 
normalize for equal protein loading. 
0100 FIG. 14. (A) Confocal fluorescence microscopy of 
leukemia cells stained with PU-H71-FITC2 shows prominent 
intracellular localization. (B) A primary acute myeloid leu 
kemia sample was pre-treated with the indicated dose of 
PU-H71 or vehicle (Untreated) for 24 h. Post-treatment cells 
were treated with 1 uMPU-H71-FITC2 or TEG-FITC. Bind 
ing of PU-H71-FITC2 and TEG-FITC to the cells was evalu 
ated by flow cytometry and is represented as mean fluores 
cence intensity (MFI). TEG-FITC is shown as a non-specific 

Oct. 2, 2014 

binding control. CD45 VS. SSC gating was used to distinguish 
binding to blast (malignant cells) or lymphocytes (normal 
cells) from the primary specimens. 
0101 FIG. 15. Fluorescence emission spectrum of PU 
ANCA in a normal cell (left) and a breast cancer cell (right). 
The spectral emission profile of breast cancer cells resulted in 
a fluorescent emission peak at approximately 530 nm wave 
length, the representative fluorescence emission of the bound 
PU-HT1-ANCA. 

0102 FIG. 16. (a) Ratio for PU-H71-FITC binding to 
HSP90 in cord blood and CML blasts to normal lymphocytes 
from healthy donors (cord blood) and chronic and blast phase 
CML patients (cpCML and bpCML, respectively). Note no 
significant binding to cord blood from healthy patients. VS 
increased binding in CML that correlates with disease pro 
gression. (b) Percent viability after 48 h treatment with PU 
H71 (1 uM) of blast and chronic CML CD34+ cells, and 
normal CD34+ cells (from cord blood; CB) relative to 
untreated control. Cell viability was evaluated by annexin 
V77-AAD staining. Data are presented as means-SE (n=3). 
(c) Correlation for binding of PU-H71-FITC (1 uM) to 
HSP90 versus percent viability after treatment with 500 nM 
PU-H71 for 48 h in a set of 19 primary AML patient samples. 
Each dot represents a primary AML sample. Each experiment 
was performed at least in duplicate. These cells express simi 
lar total HSP90 levels. 

0103 FIG. 17. Xenotransplant assays suggest in vivo sen 
sitivity to PU-H71 treatment of AML samples with high-PU 
FITC binding. (a) Percent viability at 48h for invitro PU-H71 
treatment of two primary AML samples that show low and 
high-PU-FITC uptake (b). Viability was determined by 
Annexin/7AAD assays. (b) Bone marrow cells from 
Xenotransplanted animals (for AML samples shown in panel 
a) were stained with human specific antibodies to determine 
PU-FITC binding. PU-FITC binding is represented as a ratio 
of human (leukemia)/murine (normal) cells. (c) Percent 
CD34+ tumor cells in animals treated with 75 mg/kg. PU-H71 
3xweek for 3 weeks. 

0104 FIG. 18. Use of labeled-PU-H71 to detect and quan 
tify the “oncogenic HSP90 and predict sensitivity of tumor 
cells to HSP90 inhibitors. (A) Correlation for binding of 
PU-H71-FITC (1 uM) to HSP90 versus percent viability after 
treatment with 1 MPU-H71, SNX-2112 or NVP-AUY922 
for 48 h in a panel of pancreatic and breast cancer cell lines. 
Binding is measured as a ratio of PU-FITC uptake in the 
respective cancer cell and the uptake in the reference cells, the 
HSP90 resistant leukemia cells HL60 (see panel D). (B) 
Expression of total tumor HSP90 was measured by Western 
blot and plotted against PU-FITC binding. (C) Percent viabil 
ity after treatment with 1 uMPU-H71, SNX-2112 or NVP 
AUY922 for 48 h in a panel of pancreatic and breast cancer 
cell lines was plotted against expression of total tumor 
HSP90. (D) HSP90 binding of PE conjugated antibody vs 
PU-H71-FITC in a low-binding and sensitivity (HL-60) and 
high-binding and sensitivity (MV4-11) AML cell line. Data 
are presented as means-SE (n=3). 
0105 FIG. 19. Ratio of PU-H71-FITC2 binding to tumor 
cells and to reference HL-60 leukemia cells. A responsive 
(>50% reduced viability) from non-responsive (<50% 
reduced viability) cells could be differentiated by a ratio of 
binding to PU-H71-FITC2 from about 2.7 to about 5.87 or 
above for responsive cells compared to about 1.23 to about 
2.07 or below for nonresponsive cells. 
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0106 FIG. 20. PU-H71-FITC2 accumulation in EpCAM+ 
Circulating Tumor Cells: PBMCs isolated from whole blood 
were pre-treated with PU-FITC or controls (PU-FITC9, 
DMSO, 1 uM/2x10 cells/ml. 4 hrs). Cells were then stained 
with CD45, CD14 and EpCAM antibodies. (A) Cells are 
gated to exclude dead cells. Viable cells are then gated to 
determine EpCAM+ vs CD45+ cells. Monocytes are 
excluded from the analysis by gating the CD45+ cells further 
as FSC vs. CD14. (B) Histogram plots showing the PU-FITC 
Median florescence intensity (MFI) of CD45+CD14- cells 
(blue) and EpCAM+ cells (Red). The drug accumulation in 
EpCAM+ cells is calculated as the ratio of MFI EpCAM+/ 
MFI CD45+CD14- (circulating tumor cells/leukocytes) after 
subtracting the values of the DMSO and PU-FITC9 controls 
(used to control for non-specific and background binding). 
0107 FIG. 21. Shows the uptake of PU-H71-FITC2 by 
different Ly1 clones and is expressed as median fluorescence 
intensity. The sensitivity of these cells to HSP90 inhibitors 
correlates with their uptake of labeled-PU-H71. Expression 
of total tumor HSP90 in these tumor cells was measured by 
Western blot (inset). 
0108 FIG. 22 (a-c). Correlation in PU-H71 Binding and 
Toxicity in Pancreatic Cancer Cells. (A) Binding in Live 
Cells; Pancreatic Cancer cells (1x10 cells) were treated for 6 
hrs with PUFITC2 (1 uM) or controls (TEG-FITC (1 uM) or 
DMSO). Cells were washed twice with FACS buffer (PBS, 
0.05% FBS), and stained with 1 g/ml of DAPI (Invitrogen) 
in FACS buffer at room temperature, prior to analysis. The 
fluorescence intensities from live cells (DAPI negative) rep 
resenting PU-H71-fluorescent derivative binding were cap 
tured by flow cytometry (LSR-II, BD Biosciences), and ana 
lyzed by FlowJo software (Tree Star, Ashland, Oreg.). Value 
represent mean florescent intensities subtracted from the 
DMSO and TEG-FITC controls. (B) Toxicity; Pancreatic 
Cancer cells (1x10° cells) were treated for 48 hrs with PU 
FITC2 (1 uM). Cells were washed twice with FACS buffer 
(PBS, 0.05% FBS), and stained with 1 g/ml of DAPI (Invit 
rogen) in FACS buffer at room temperature and captured by 
flow cytometry (LSR-II, BD Biosciences). Values represent 
the % live cells (DAPI negative) normalized to the values 
from the DMSO control. (C) Correlative analysis; MFI and 
toxicity obtained from A and B were plotted on the X and y 
axis respectively and a correlative linear regression analysis 
performed. 
0109 FIG. 23. (A) Binding of PUH71-FITC2 to leukemia 
stem cells (LSCs, CD34+CD38-CD45dim). Primary AML 
samples were incubated with 1 uMPU-H71-FITC2 at 37° C. 
for 4 h. Cells were stained with CD34, CD38, CD45 and 
7-AAD followed by flow cytometry analysis. Binding of PU 
H71 to LSCs is shown as the mean fluorescence intensity 
(MFI) in live cells (7-AAD negative). (B) Percent viability of 
LSCs relative to the untreated control from three primary 
AML samples after 48 hour treatment with 1 uM PUH71. 
Cells were stained with CD45, CD34 and CD38 prior to 
Annexin V and 7-AAD staining. Viability LSCs was mea 
Sured by flow cytometry and determined as the percentage of 
AnnexinV-/7AAD- of the CD45dim CD34+CD38-gate. 
0110 FIG. 24. Tumors have distinct '''I-PU-H71 
uptake indicating differences in their “oncogenic HSP90 
content and thus in their potential to respond to HSP90 
therapy. 'I-PU-H71 PET images at 24 h post-'I-PU 
H71 injection were measured as Maximal Standardized 
Uptake Values (SUV) in several patients with breast can 
cer. BC-breast cancer. TNBC-triple-negative BC. 
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0111 FIG. 25. Tumor: muscle SUV ratio for a select num 
ber of patients that are responsive to HSP90 inhibition 
therapy as determined by PET following administration of 
'*'I-PU-H71. In these patients, the tumor:muscle SUV 
increases over time. Values averaged for several positive and 
negative tumors are presented. 
O112 FIG. 26. FDG/CT and 'I-PU-H71 PET/CT of 
patient with mantle cell lymphoma. The patient shows clear 
visualization of the lesion at 30 min after '''I-PU-H71 
injection. No '''I-PU-H71 uptake was seen in this tumor at 
later times (3.5-24 h and beyond). 
0113 FIG. 27. *I-PU-H71 PET/CT of patient with 
recurrent breast cancer in the two indicated lymph nodes 
(LN). PET images at several times post-'I-PU-H71 injec 
tion (0.1, 0.4,0.6, 3.5 and 21.4 h) were quantified and SUV 
max data obtained for 'I-PU-H71 were converted to 
HSP90i concentrations for an administered dose of PU-H71 
of 10 mg/m. The exposure of the two tumors to PU-H71 over 
the time of 0 to 24h was also calculated and represented as the 
area-under-the-curve (AUC). CT (left), PU-PET/CT 
(middle), and FDG-PET/CT fusion (right) transaxial images 
demonstrate '''I-PU-H71-avidity in one of the diseased 
lymph nodes but not the other Suggesting that the lesion in the 
left tracheobronchial anterior angle lymph node (TAALN) is 
less likely than the left tracheobronchial angle LN (TALN) to 
respond to HSP90 therapy. 
0114 FIG. 28. A triple-negative breast cancer patient was 
imaged with 'I-PU-H71 PET. At 20 min post-injection, 
uptake is noted in a lung mass (left arrow), and a bone lesion 
(right arrow) (A), but at 24 h uptake is seen only in the lung 
lesion (B). Both the lung and bone tumors are confirmed by 
CT and FDG-scans (C). The patient started treatment with the 
HSP90 inhibitor STA-9090. Twenty days post HSP90 inhibi 
tor treatment, the lung but not the bone lesion is remarkably 
reduced in size, as evidenced by both CT and FDG-PET (D). 
0115 FIG. 29. I-PU-H71 PET/CT of a patient with 
metastatic HER2 breast cancer in the paratracheal node. PET 
images at the indicated times post-'I-PU-H71 or post 
co-injection of ''I-PU-H71 with 10 mg/m2 PU-H71 were 
measured as Maximal Standardized Uptake Values (SUV.). 
SUV data obtained for '''I-PU-H71 were converted to 
HSP90i concentrations for an administered dose of PU-H71 
of 10 mg/m. The exposure of the tumor to PU-H71 over the 
time of 0 to 48 h was also calculated and represented as the 
area-under-the-curve (AUC). Tumor concentrations of PU 
H71 (in micromolar values) as estimated from '''I-PU-H71 
PET or as determined from '''I-PU-H71 PET after co 
injection of ''I-PU-H71/PU-H71 are comparable. 
0116 FIG. 30. 'I-PU-H71 PET is a non-invasive assay 
for HSP90 inhibitors. (a) The chemical structure of PU-H71 
and 'I-PU-H71. (b) Representative PET scan of ''Il 
PU-H71 in MDA-MB-468 tumor-bearing mice. Location of 
the tumor is indicated by a red arrow. (c) The '''I-PU-H71 
tumor-to-organ activity concentration ratios for the indicated 
times post-administration. (d) Biodistribution of ''I-PU 
H71 in MDA-MB-468 tumors and plasma (n=5). Tumor-S 
and Tumor-L. Small and large tumors, respectively. (inset) 
The 24 to 140 h slow terminal clearance phase of PU-H71 
from tumors was analyzed using a linear regression curve fit 
as implemented in GraphPad Prism. 
0117 FIG. 31. I-PU-H71 PET accurately predicts the 
delivery of therapeutically effective PU-H71 concentrations 
in tumor. (a) Predicted PU-H71 tumor distribution based on 
the mean % ID/g generated by 'I-PU-H71 PET (lower). 
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The predicted tumor concentration at indicated times p.a. of 
indicated PU-H71 doses (upper). (b) Tumor PU-H71 concen 
trations (n=5) following administration of 75 mg/kg agent as 
predicted by '''I-PU-H71 PET, and determined by LC-MS/ 
MS and by '''I-PU-H71 PET following co-injection of 
'I-PU-H71 and PU-H71. (c,d) Representative Western 
blot analyses of MDA-MB-468 tumors administered PU-H71 
at the indicated doses and analyzed at 24 h p.a. (c) and of 
MDA-MB-468 cells treated for 24 h with the indicated con 
centrations of PU-H71 (d). Blots (n=3) were quantified by 
densitometry and the change in protein levels graphed versus 
the concentration of PU-H71 (right panels). (e.f) Target occu 
pancy at 24 hp.a. as predicted by '''I-PU-H71 PET follow 
ing co-administration of tracer amounts of ''I-PU-H71 
mixed with the indicated doses of PU-H71. 

0118 FIG. 32. I-PU-H71 PET predicts the design of 
an efficacious dose regimen for HSP90 therapy. (a) Predicted 
PU-H71 tumor distribution when administered for 2 weeks at 
the indicated doses on a 3xweek (Mon-Wed-Fri with Sat/Sun 
off) schedule based on the mean tumor activity concentration 
(% ID/g) derived by 'I-PU-H71 PET. (inset) The AUCs 
for PU-H71 in tumors were calculated using GraphPad Prism. 
(b) The viability of MDA-MB-468 cells treated for 48 h with 
the indicated doses of PU-H71 was analyzed by Ethydium 
Bromide/Acridine Orange staining (upper). Estimated tumor 
apoptosis induced by the '''I-PU-H71 PET predicted indi 
cated average and minimum PU-H71 tumor concentrations. 
(c) MDA-MB-468 tumor-bearing mice (n=5) were adminis 
tered i.p. the indicated doses of PU-H71 on a 3xweek sched 
ule. Tumor Volume and mouse weight were monitored over 
the indicated treatment period. (d) MDA-MB-468 tumor 
bearing mice (n=5) were administered i.p. the indicated doses 
of PU-H71 on a 3x week schedule. Tumor volume and mouse 
weight were monitored over the indicated treatment period. 
(e) Predicted PU-H71 tumor distribution based on the mean 
tumor activity concentration (% ID/g) derived by '''I-PU 
H71 PET when administered at the indicated dose on a 
3xweek (Mon-Wed-Fri with Sat/Sun off) schedule. (f) West 
ern blot analysis of the Vehicle (Control) and PU-H71 (5 
mg/kg)-treated tumors sacrificed on Thu, at 24 h p.a. of the 
last dose. PU-H71 tumor concentrations, as determined by 
LC-MS/MS, are indicated for each tumor. (1) Analysis of data 
(n=5) from panel (d). 
0119 FIG.33. ''I-PU-H71 PET predicts the design of 
an efficacious schedule regimen for HSP90 therapy. (a) Pre 
dicted PU-H71 tumor distribution based on the mean tumor 
activity concentration (% ID/g) derived by 'I-PU-H71 
PET when administered at 75 mg/kg on the indicated sched 
ules. (b) Estimated tumor apoptosis induced by the indicated 
average and minimum PU-H71 tumor concentrations as pre 
dicted from in vitro analyses. (c) MDA-MB-468 tumor-bear 
ing mice (n5) were administered i.p. PU-H71 (75 mg/kg) on 
the indicated Schedules. Tumor Volume and mouse weight 
were monitored over the indicated treatment period. (d) West 
ern blot and (e) LC-MS/MS analysis of the PU-H71 (75 
mg/kg)-treated tumors on the lx week schedule sacrificed on 
Thu, at 24 h and Thu, at 96 hp.a. of the last dose. Control; 
vehicle only treated mice. 
0120 FIG.34. Tumor exposure to PU-H71 as predicted by 
PU-PET for a pancreatic patient with metastatic disease to 
lung and indicated lymph nodes. Tumor concentrations are 
calculated based on an administered dose of 20 mg/m2. 
Plasma exposure is also shown in red. Calculated AUCs (uM 
h) for the period 0 to 192 h are tabulated on the right. 
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0121 FIG. 35. 'I-PU-H71 PET/CT of a patient with 
pancreatic cancer with recurrent disease in the lung. PET 
images at the indicated times post-III-PU-H71 injection 
(48 and 196 h, left panels) were quantified and SVU data 
obtained for 'I-PU-H71 were converted to PU-H71 con 
centrations in the tumor for the indicated administered doses 
of PU-H71. The exposure of two tumors, one in the left lung 
and another in the righthilum LN, to PU-H71 over the time of 
0 to 336 h for a two-week treatment on a twice-week (Tue and 
Fri) schedule and an administered dose of 20, 60 and 80 
mg/m2 (upper right and bottom panels) was also calculated 
and represented as the area-under-the-curve (AUC) and as an 
average tumor concentration. 
(0.122 FIG. 36. Panel A shows the biodistribution of ''I- 
PU-H71 over 0 to 72 h in the tumor of a breast cancer patient 
as obtained from PU-PET. The data was used to simulate the 
tumor exposure to an administered dose of 10 mg/m2 when 
given twice a week for two weeks with weekend off, three 
times a week for two weeks with weekend off, once a week for 
two weeks with weekend off and five times a week for two 
weeks with weekend off. 
(0123 FIG.37. I-PU-H71 PET predicts the magnitude 
of response to HSP90 therapy. (a) Predicted average occu 
pancy of tumor HSP90 sites by PU-H71 when administered at 
the indicated doses and on the indicated Schedules. (b,c) 
Correlation of tumor HSP90 sites occupancy with the 
observed anti-tumor effect was analyzed in GraphPad Prism. 
0.124 FIG. 38. The use of ''I-PU-H71 PET assay in the 
clinical development of HSP90 inhibitors: (a) in determining 
the dose of HSP90 inhibitor needed to achieve effective tumor 
concentrations, selection of patient eligible for HSP90 
therapy and in designing an efficacious dose and schedule 
regimen; (b) in assaying the actual concentration of the drug 
delivered to the tumor and predicting clinical outcome on 
HSP90 therapy and (c) in determining the “maximum tumor 
dose'. CR-complete response, PR partial response, NR=no 
response. 

0.125 FIG. 39. In vivo PET imaging of ''I-PU-DZ13 
and 'I-PU-H71 in MDA-MB-468 xenograft TNBC mice. 
PET imaging was conducted on either an R4 or a Focus 120 
dedicated small animal PET scanner (Concord Microsys 
tems, Inc., Knoxville, Tenn.); separate anatomical imaging 
was conducted on a dedicated Small animal CT scanner (1 
mTek, Inc., Oak Ridge, Tenn.), using a custom built stereo 
tactic restraint device. Maximum intensity projection (MIP) 
of CT and PET image datasets were anatomically registered, 
and overlay images were generated using an alpha transpar 
ency blend of PET and CT data. 
0.126 FIG. 40. Cases of BC show a dose-dependent 
response to PU-H71. H&E stained slides display significant 
areas of apoptosis containing both pyknotic cells (indicative 
of early stage apoptosis) and karyorrhexic cells (representa 
tive of late phase apoptosis) when the tumor is highly sensi 
tive to PU-H71. (A) Apoptosis/cell death in TNBC specimens 
treated for 48 h with the indicated concentrations of PU-H71 
was quantified and plotted against the concentration of PU 
H71. Both apoptotic and necrotic/late apoptotic cells were 
counted and added to the '% apoptosis as depicted on the 
y-axis. Note a clustering of cases in three sensitivity groups 
(steepest, top curves, most sensitive, LN15 and LN16; middle 
curves, sensitive, PT12, PT17, PT25, PT28 and LN10 and 
lower curves, less sensitive, PT10, PT15, PT16 and PT30). 
Interestingly, the lymph node metastases showed a higher 
sensitivity than the primary tumor at the equivalent dose. 
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PT primary tumor, LN=lymph node. Tumors most sensitive 
to PU-H71 also stain high for p-Akt. (B) Same as for (A) with 
specimens from HER2+, TNBC and ER+BC patients treated 
for 24 or 48 h with PU-H71. 
0127 FIG. 41. Apoptotic sensitivity to HSP90 inhibition 
correlates with addiction of cells for survival on the AKT and 
STAT but not MEK-pathways. (A).(B) Representative AML 
cells were incubated for the indicated times with the indicated 
concentrations of the HSP90, AKT, JAK and MEK inhibitors 
and apoptosis was assessed using the Acridine Orange/Ethy 
dium Bromide method. The data are consistent with those 
obtained from multiple repeat experiments (n-3). Points, 
mean: bars, S.d. (C) 9% Apoptosis values from cell treated for 
72 h with the AKTi, MEKi and JAKi alone were plotted 
against those obtained upon HSP90 inhibitor treatment and a 
linear regression analysis, as implemented in Prism 4.0 was 
performed. 
0128 
p-STAT5 are also most sensitive to PU-H71. (A) Phospho 
STAT5 levels in blast cells (CD45dim gated) represented as 
mean fluorescence intensity (MIT) for three different primary 
AML samples. Phosphorylation level of Stats was assessed 
by flow cytometry. (B) Percent viability of AML blast relative 
to the untreated control from three primary AML samples 
after 48 hour treatment with 1 uMPUH71. Cells were stained 
with CD45 prior to Annexin V and 7-AAD staining. Viability 
of AML blast cells was measured by flow cytometry and 
determined as the percentage of AnnexinV-77AAD- of the 
CD45dim vs SSC gate for AML blast. 
0129 FIG. 43.8-10 mo3xTg mice were administered(A) 
75 mg/kg or (B) the indicated dose of the HSP90 inhibitor 
PU-HZ151 and the PD marker, HSP70, was measured in 
hippocampus, an afflicted brain region in this model of AD, at 
24 h post-administration. HSP70 is induced when HSP90 is 
inhibited and its induction is an indicator that therapeutic 
levels of the HSP90 inhibitor were delivered to the brain 
region of interest. (C) Levels of the HSP90 inhibitor in the 
indicated brain regions and plasma were determined by LC 
MS/MS after the administration of 50 mg/kg PU-HZ151. 
Hsp90 inhibitor levels at different times after single ip injec 
tion are shown in micromolar units. Brain exposure was also 
measured as the area under the curve (AUC). 
0130 FIG. 44. PU-H71 is selective for HSP90. (A) Coo 
massie stained gel of several HSP90 inhibitor bead-pull 
downs. K562 lysates (60 ug) were incubated with 25uIL of the 
indicated beads. Following washing with the indicated buffer, 
proteins in the pull-downs were applied to an SDS-PAGEgel. 
(B) PU-H71 (10 uM) was tested in the scanMAX screen 
(Ambit) against 359 kinases. The TREEspoftM Interaction 
Map for PU-H71 is presented. Only SNARK (NUAK family 
SNF1-like kinase 2) (red dot on the kinase tree) appears as a 
potential low affinity kinase hit of the small molecule. 

5. DETAILED DESCRIPTION 

0131) 5.1. Oncogenic HSP90 as a Tumor Specific Biom 
arker 
0132) The disclosure provides evidence that the abun 
dance of this particular “oncogenic HSP90 species, which is 
not dictated by HSP90 expression alone, predicts for sensi 
tivity to HSP90 inhibition therapy, and thus is a biomarker for 
HSP90 therapy. The invention also provides evidence that 
identifying and measuring the abundance of this oncogenic 
HSP90 species in tumors predicts of response to HSP90 
therapy. 

FIG. 42. AML primary cells with highest levels of 
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I0133. In the following sections, we show that the HSP90 
inhibitor PU-H71 targets tumor-enriched HSP90 complexes 
and affinity-captures HSP90-dependent oncogenic client pro 
teins. The compound PU-H71 was disclosed in U.S. Pat. No. 
7,834,181, which is hereby incorporated by reference. PU 
H71 has the following chemical structure: 

NH2 I 

N1S-N O). 
NH 

-Q 
PU-H71 can be administered as a free base or as a pharma 
ceutically acceptable salt. 
0.134. In addition, we show that the abundance of the 
PU-H71-enriched HSP90 species, which is not dictated by 
HSP90 expression alone, is predictive of the cell's sensitivity 
to HSP90 inhibition by PU-H71 and other HSP90 inhibitors. 
I0135 5.1.1. Heterogeneous HSP90 Presentation in Can 
cer Cells 
0.136 To investigate the interaction of small molecule 
HSP90 inhibitors with tumor HSP90 complexes, we made 
use of agarose beads covalently attached to either geldana 
mycin (GM) or PU-H71 (GM- and PU-beads, respectively) 
(FIGS. 1, 2). Both GM and PU-H71, chemically distinct 
agents, interact with and inhibit HSP90 by binding to its 
N-terminal domain regulatory pocket. For comparison, we 
also generated G protein agarose-beads coupled to an anti 
HSP90 antibody (H9010). 
0.137 First we evaluated the binding of these agents to 
HSP90 in breast cancer and in chronic myeloid leukemia 
(CML) cell lysates. Four consecutive immunoprecipitation 
(IP) steps with 119010, but not with a non-specific IgG, 
efficiently depleted HSP90 from these extracts (FIG. 1a, 
4xH9010 and not shown). In contrast, sequential pull-downs 
with PU- or GM-beads removed only a fraction of the total 
cellular HSP90 (FIGS. 1b, 3a, 3b). Specifically, in MDA 
MB-468 breast cancer cells, the combined PU-bead fractions 
represented approximately 20-30% of the total cellular 
HSP90 pool, and further addition of fresh PU-bead aliquots 
failed to precipitate the remaining HSP90 in the lysate (FIG. 
1b, PU-beads). This PU-depleted, remaining HSP90 fraction, 
while inaccessible to the small molecule, maintained affinity 
for H9010 (FIG. 1b, H9010). From this we conclude that a 
significant fraction of HSP90 in the MDA-MB-468 cell 
extracts was still in a native conformation but not reactive 
With PU-HT1. 
I0138 To exclude the possibility that changes in HSP90 
configuration in cell lysates make it unavailable for binding to 
immobilized PU-H71 but not to the antibody, we analyzed 
binding of radiolabeled 'I-PU-H71 to HSP90 in intact can 
cer cells (FIG. 1c, lower). The chemical structures of ''I- 
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PU-H71 and PU-H71 are identical: PU-H71 contains a stable 
iodine atom ('7I) and 'I-PU-H71 contains radioactive 
iodine; thus, isotopically labeled 'I-PU-H71 has identical 
chemical and biological properties to the unlabeled PU-H71. 
Binding of ''I-PU-H71 to HSP90 in several cancer cell lines 
became Saturated at a well-defined, although distinct, number 
of sites per cell (FIG.1c, lower). We quantified the fraction of 
cellular HSP90 that was bound by PU-H71 in MDA-MB-468 
cells. First, we determined that HSP90 represented 2.66-3. 
33% of the total cellular protein in these cells, a value in close 
agreement with the reported abundance of HSP90 in other 
tumor cells. Approximately 41.65x10 MDA-MB-468 cells 
were lysed to yield 3875ug of protein, of which 103.07-129. 
04 pug was HSP90. One cell, therefore, contained (2.47-3.09)x 
10 ug, (2.74-3.43)x10' umols or (1.64-2.06)x107 mol 
ecules of HSP90. In MDA-MB-468 cells, ''I-PU-H71 
bound at most to 5.5x10° of the available cellular binding 
sites (FIG. 1c, lower), which amounts to 26.6-33.5% of the 
total cellular HSP90 (calculated as 5.5x10/(1.64-2.06)x 
107*100). This value is remarkably similar to the one 
obtained with PU-bead pull-downs in cell extracts (FIG.1b). 
confirming that PU-H71 binds to a fraction of HSP90 in 
MDA-MB-468 cells that represents approximately 30% of 
the total HSP90 pool and validating the use of PU-beads to 
efficiently isolate this pool. In K562 and other established t(9: 
22)+CML cell lines, PU-H71 bound 10.3-23% of the total 
cellular HSP90 (FIGS. 1c, 3b, 3c), 
0139 Next, we extended our studies to several primary 
leukemia cells and to normal blood cells. Among these were 
primary chronic and blast phase CML and acute myeloid 
leukemia (AML) samples that contained both blasts (malig 
nant cell population) and lymphocytes (normal cell popula 
tion), CD34+ cells isolated from the cord blood of healthy 
donors, total mononuclear cells from peripheral blood and 
also peripheral blood leukocytes (PBLs) (FIGS. 1c-e, 3, 4). 
We used a fluorescein labeled PU-H71 (PU-FITC). This 
chemical tool allows for the flow cytometric analysis, in het 
erogeneous cell populations, of PU-H71 binding to distinct 
cell populations using cell Surface markers, as well as the 
investigation of cells' sensitivity to PU-H71. A tetraethylene 
glycol derivatized FITC (FITC-TEG) was used to control for 
non-specific binding (FIG. 1d). 
0140. PU-H71 efficiently bound to HSP90 in K562 cells 
and in CML and AML blasts with a half relative binding 
affinity (ECs) of 116, 201 and 425 nM, respectively (FIG. 
1d). In contrast, its affinity for normal blood cells was weaker, 
with ECs higher than 2,000 nM (FIGS. 1d, 3d). HSP90 
remains highly expressed in these normal blood cells as indi 
cated by substantial binding to the HSP90 antibody (FIG.3d). 
0141 Cells with highest avidity for PU-H71 were also 
most sensitive to killing by the agent (FIGS. 1e, 3e, 4). When 
evaluated in a panel of CML and AML cell lines and primary 
samples, a significant correlation between the ability of PU 
H71 to bind HSP90 and the cell killing potential of PU-H71 
against these cells was noted (FIGS. 3e, 4). 
0142 Collectively, these data show that certain HSP90 
inhibitors, such as PU-H71, preferentially bind to a subset of 
HSP90 species that is more abundant in cancer cells than in 
normal cells (FIG. 5a). The abundance of this HSP90 species, 
which is not dictated by HSP90 expression level alone, is 
predictive of the cell's sensitivity to HSP90 inhibition, thus 
the abundance of this tumor HSP90 species can be used as a 
biomarker predictive of response to HSP90 therapy. 
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0143) 5.1.2. Onco- and WT-Protein Bound HSP90 Species 
Co-Exist in Cancer Cells, but PU-H71 Selects for the Onco 
Protein/HSP90 Species 
0144. To explore the biochemical functions associated 
with these HSP90 species, we performed immunoprecipita 
tion (IPs) and chemical precipitations (CPs) with antibody 
and HSP90-inhibitor beads, respectively, and we analysed the 
ability of HSP90 bound in these contexts to co-precipitate 
with a chosen subset of known clients. K562 CML cells were 
first investigated because this cell line co-expresses the aber 
rant Bcr-Abl protein, a constitutively active kinase, and its 
normal counterpart c-Abl. These two Abl species are clearly 
separable by molecular weight and thus easily distinguish 
able by Western blot (FIG. 2a, Lysate), facilitating the analy 
sis of HSP90 onco- and wild type (WT)-clients in the same 
cellular context. We observed that H9010, but not a non 
specific IgG, isolated HSP90 in complex with both Bcr-Abl 
and Abl (FIGS. 2a, 5c, H9010). Comparison of immunopre 
cipitated Bcr-Abland Abl (FIGS. 2a, 2b, left, H9010) with the 
fraction of each protein remaining in the Supernatant (FIG. 
2b, left, Remaining Supernatant), indicated that the antibody 
did not preferentially enrich for HSP90 bound to either 
mutant or WT forms of Abl in K562 cells. 
(0145. In contrast, PU-bound HSP90 preferentially iso 
lated the Bcr-Abl protein (FIGS. 2a, 2b, right, PU-beads). 
Following PU-bead depletion of the HSP90/Bcr-Abl species 
(FIG.2b, right, PU-beads), H9010 precipitated the remaining 
HSP90/Abl species (FIG. 2b, right, H9010). PU-beads 
retained selectivity for HSP90/Bcr-Abl species at substan 
tially saturating conditions (i.e. excess of lysate, FIG. 6a, left, 
and beads, FIG. 6a, right). As further confirmation of the 
biochemical selectivity of PU-H71 for the Bcr-Abl/HSP90 
species, Bcr-Abl was much more Susceptible to degradation 
by PU-H71 than was Abl (FIG. 2d). The selectivity of PU 
H71 for the aberrant Abl species extended to otherestablished 
t(9:22)+CML cell lines (FIG. 7a), as well as to primary CML 
samples (FIG.7b). 
0146 5.1.3. The Onco-but not WT-Protein Bound HSP90 
Species are Most Dependent on Co-Chaperone Recruitment 
for Client Protein Regulation by HSP90 
0147 To further differentiate between the PU-H71- and 
antibody-associated HSP90 fractions, we performed sequen 
tial depletion experiments and evaluated the co-chaperone 
constituency of the two species. The fraction of HSP90 
containing the HSP90/Bcr-Abl complexes bound several co 
chaperones, including Hsp70, Hsp40, HOP and HIP (FIG.2c, 
PU-beads). PU-bead pull-downs were also enriched for sev 
eral additional HSP90 co-chaperone species. These findings 
strongly suggest that PU-H71 recognizes co-chaperone 
bound HSP90. The PU-beads-depleted, remaining HSP90 
pool, shown to include HSP90/Abl species, was not associ 
ated with co-chaperones (FIG. 2c, H9010), although their 
abundant expression was detected in the lysate (FIG. 2c, 
Remaining Supernatant). Co-chaperones are however iso 
lated by H9010 in the total cellular extract (FIGS. 5b, 5c). 
0.148. These findings suggest the existence of distinct 
pools of HSP90 preferentially bound to either Bcr-Abl or Abl 
in CML cells (FIG. 2), H9010 binds to both the Bcr-Abland 
the Abl containing HSP90 species, whereas PU-H71 is selec 
tive for the Bcr-Abl/HSP90 species. Our data also suggest 
that HSP90 may utilize and require more acutely the classical 
co-chaperones Hsp70, Hsp40 and HOP when it modulates the 
activity of aberrant (i.e. Bcr-Abl) but not normal (i.e. Abl) 
proteins (FIG.5a). In accord with this hypothesis, we find that 
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Bcr-Abl is more sensitive than Abl to knock-down of Hsp70, 
an HSP90 co-chaperone, in K562 cells (FIG.2e). 
0149 5.1.4. The Onco-Protein/HSP90 Species Selectivity 
and the Complex Trapping Ability of PU-H71 are not Shared 
by all HSP90 Inhibitors 
0150. We next evaluated whether other inhibitors that 
interact with the N-terminal regulatory pocket of HSP90 in a 
manner similar to PU-H71, including the synthetic inhibitors 
SNX-2112 and NVP-AUY922, and the natural product 
GM, could selectively isolate similar HSP90 species (FIG. 
2?). SNX-beads demonstrated selectivity for Bcr-Abl/HSP90, 
whereas NVP-beads behaved similarly to H9010 and did not 
discriminate between Bcr-Abl/HSP90 and Abl/HSP90 spe 
cies (see SNX- versus NVP-beads, respectively; FIG. 21). 
While GM-beads also recognized a subpopulation of HSP90 
in cell lysates (FIG. 3a), they were much less efficient than 
were PU-beads in co-precipitating Bcr-Abl (FIG. 2.f. GM 
beads). Similar ineffectiveness for GM in trapping HSP90/ 
client protein complexes was previously reported. 
0151. 5.1.5. The Onco-Protein/HSP90 Species Selectivity 
and the Complex Trapping Ability of PU-H71 is not 
Restricted to Bcr-Abl/HSP90 Species 
0152 To determine whether selectivity towards onco-pro 
teins was not restricted to Bcr-Abl, we tested several addi 
tional well-defined HSP90 client proteins in other tumor cell 
lines (FIGS. 6b-d)7. In agreement with our results in K562 
cells, H9010 precipitated HSP90 complexed with both 
mutant B-Raf expressed in SKMel28 melanoma cells and 
WY B-Raf expressed in CCD18Co normal colon fibroblasts 
(FIG. 6b, H9010). PU- and GM-beads however, selectively 
recognized HSP90/mutant B-Raf, showing little recognition 
of HSP90/WT B-Raf (FIG. 6b, PU-beads and GM-beads). 
However, as was the case in K562 cells, GM-beads were 
significantly less efficient than PU-beads in co-precipitating 
the mutant client protein. Similar results were obtained for 
other HSP90 clients (FIGS. 6; 6d). 
0153. In summary, PU-H71 enriches abroad cross-section 
of proteins that participate in signaling pathways vital to the 
malignant phenotype in CML. The interaction of PU-bound 
HSP90 with the aberrant CML signalosome was retained in 
primary CML samples. 
0154 5.1.6. PU-H71 Identified Proteins and Networks are 
Those Important for the Malignant Phenotype 
0155 We hypothesize that the presence of these proteins 
in the PU-bead pull-downs is functionally significant and 
suggests a role for HSP90 in broadly supporting the malig 
nant signaloSome in CML cells. 
0156 To demonstrate that the networks identified by PU 
beads are important for transformation in K562, we next 
showed that inhibitors of key nodal proteins from individual 
networks Bcr-Abl, NFKB, mTOR, MEK and CAMIK) 
diminish the growth and proliferation potential of K562 cells. 
O157 Next we demonstrated that PU-beads identified 
HSP90 interactors with yet no assigned role in CML, also 
contribute to the transformed phenotype. The histone-argin 
ine methyltransferase CARM1, a transcriptional co-activator 
of many genes", was validated in the PU-bead pull-downs 
from CML cell lines and primary CML cells. This is the first 
reported link between HSP90 and CARM1, although other 
arginine methyltransferases, such as PRMT5, have been 
shown to be HSP90 clients in ovarian cancer cells. While 
elevated CARM 1 levels are implicated in the development of 
prostate and breast cancers, little is known on the importance 
of CARM1 in CML leukomogenesis. We found CARM1 

Oct. 2, 2014 

essentially entirely captured by the HSP90 species recog 
nized by PU-beads and also sensitive to degradation by PU 
H71. CARM1 therefore, may be a novel HSP90 onco-protein 
in CML. Indeed, knock-down experiments with CARM1 but 
not control shRNAs, demonstrate reduced viability and 
induction of apoptosis in K562 but not in normal CD34+ cells 
(not shown), Supporting this hypothesis. qPCR data con 
firmed that the CARM1 mRNA levels were markedly reduced 
by the two different shRNAs (data not shown). 
0158 To demonstrate that the presence of proteins in the 
PU-pulldowns is due to their participation in aberrantly acti 
vated signaling and not merely their abundant expression, we 
compared PU-bead pulldowns from K562 and Mia-Paca-2, a 
pancreatic cancer cell line. While both cells express high 
levels of STAT5 protein, activation of the STAT5 pathway, as 
demonstrated by STAT5 phosphorylation and DNA-bind 
ing, was noted only in the K562 cells. In accordance, this 
protein was identified only in the K562 PU-bead pulldowns. 
In contrast, activated STAT3 was identified in PU-HSP90 
complexes from both K562 and Mia-Paca-2 cells extracts. 
0159. The mTOR pathway was identified by the PU-beads 
in both K562 and Mia-Paca-2 cells, and indeed, its pharma 
cologic inhibition by PP242, a selective inhibitor that targets 
the ATP domain of mTOR', is toxic to both cells. On the 
other hand, the Abl inhibitor Gleevec' was toxic only to 
K562 cells. Both cells express Abl but only K562 has the 
oncogenic Bcr-Abland PU-beads identify Abl, as Bcr-Abl, in 
K562 but not in Mia-Paca-2 cells. 

(0160 5.1.7. PU-H71 Identifies a Novel Mechanism of 
Oncogenic STAT-Activation 
0.161. PU-bead pull-downs contain several proteins, 
including Bcr-Abl, CAMKIIy’, FAK, vav-1° and 
PRICD2' that are constitutively activated in CML leukemo 
genesis. These are classical HSP90-regulated clients that 
depend on HSP90 for their stability because their steady-state 
levels decrease upon HSP90 inhibition. Constitutive acti 
vation of STAT3 and STAT5 is also reported in CML''. 
These proteins, however, do not fit the criteria of classical 
HSP90 client proteins because STAT5 and STAT3 levels 
remain essentially unmodified upon HSP90 inhibition. The 
PU-pull-downs also contain proteins isolated potentially as 
part of an active signaling mega-complex, such as mTOR, 
VSP32, VSP15 and RAPTOR. mTOR activity, as measured 
by cellular levels of p-mTOR, also appears to be more sensi 
tive to HSP90 inhibition than are the complex components 
(i.e. compare the relative decrease in p-mTOR and RAPTOR 
in PU-H71 treated cells. Further, PU-HSP90 complexes con 
tain adapter proteins such as GRB2, DOCK, CRKL, and 
EPS15, which link Bcr-Abl to key effectors of multiple aber 
rantly activated signaling pathways in K562''. Their 
expression also remains unchanged upon HSP90 inhibition. 
Wetherefore wondered whether the contribution of HSP90 to 
certain oncogenic pathways extends beyond its classical fold 
ing actions. Specifically, we show that HSP90 also acts as a 
scaffolding molecule that maintains signaling complexes in 
their active configuration, as has been previously postu 
lated0:63. 
(0162 5.1.8. HSP90 Binds to and Influences the Confor 
mation of STAT5. 
0163 To investigate this hypothesis further we focused on 
STAT5, which is constitutively phosphorylated in CML'. 
The overall level of p-STAT5 is determined by the balance of 
phosphorylation and dephosphorylation events. Thus, the 
high levels of p-STAT5 in K562 cells may reflect either an 
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increase in upstream kinase activity or a decrease in protein 
tyrosine phosphatase (PTPase) activity. A direct interaction 
between HSP90 and p-STAT5 could also modulate the cellu 
lar levels of p-STAT5. 
0164. To dissect the relative contribution of these potential 
mechanisms, we first investigated the effect of PU-H71 on the 
main kinases and PTPases that regulate STAT5 phosphoryla 
tion in K562 cells. Bcr-Abl directly activates STAT5 without 
the need for JAK phosphorylation'. Concordantly, STAT5 
phosphorylation rapidly decreased in the presence of the Bcr 
Abl inhibitor Gleevec. While HSP90 regulates Bcr-Abl sta 
bility, the reduction in steady-state Bcr-Abl levels following 
HSP90 inhibition requires more than 3 h. Indeed no change 
in Bcr-Abl expression or function, as evidenced by no 
decrease in CRKL phosphorylation, was observed with PU 
H71 in the time interval it reduced p-STAT5 levels. Also, no 
change in the activity and expression of HCK, a kinase acti 
vator of STAT5 in 32Dcl3 cells transfected with Bcr-Abl, 
was noted. 

(0165 Thus reduction of p-STAT5 phosphorylation by PU 
H71 in the 0 to 90 min interval is unlikely to be explained by 
destabilization of Bcr-Abl or other kinases. 

0166 We therefore examined whether the rapid decrease 
in p-STAT5 levels in the presence of PU-H71 may be 
accounted for by an increase in PTPase activity. The expres 
sion and activity of SHP2, the major cytosolic STAT5 phos 
phatase', were also not altered within this time interval. 
Similarly, the levels of SOCS1 and SOCS3, which form a 
negative feedback loop that switches off STAT-signaling' 
were unaffected by PU-H71. 
(0167 Thus no effect on STAT5 in the interval 0-90 min 
can likely be attributed to a change in kinase orphosphatase 
activity towards STAT5 upon HSP90 inhibition. As an alter 
native mechanism, and because the majority of p-STAT5 but 
not STAT5 is HSP90 bound in CML cells, we hypothesized 
that the cellular levels of activated STAT5 are fine-tuned by 
direct binding to HSP90. 
0168 The activation/inactivation cycle of STATs entails 
their transition between different dimer conformations. Phos 
phorylation of STATs occurs in an anti-parallel dimer confor 
mation that upon phosphorylation triggers a parallel dimer 
conformation. Dephosphorylation of STATs on the other 
hand require extensive spatial reorientation, in that the 
tyrosine phosphorylated STAT dimers must shift from paral 
lel to anti-parallel configuration to expose the phospho-ty 
rosine as a better target for phosphatases. We find that 
STAT5 is more susceptible to trypsin cleavage when bound to 
HSP90, indicating that binding of HSP90 directly modulates 
the conformational state of STAT5, potentially to keep STAT5 
in a conformation unfavorable for dephosphorylation and/or 
favorable for phosphorylation. 
0169. To investigate this possibility we used a pulse-chase 
strategy in which orthovanadate (NaVO), a non-specific 
PTPase inhibitor, was added to cells to block the dephospho 
rylation of STAT5. The residual level of p-STAT5 was then 
determined at several later time points. In the absence of 
PU-H71, p-STAT5 accumulated rapidly, whereas in its pres 
ence, cellular p-STAT5 levels were diminished. The kinetics 
of is process were similar to the rate of p-STAT5 steady-state 
reduction. 
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(0170 5.1.9. HSP90 Maintains STAT5 in an Active Con 
formation Directly within STAT5-Containing Transcrip 
tional Complexes. 
0171 In addition to STAT5 phosphorylation and dimer 
ization, the biological activity of STAT5 requires its nuclear 
translocation and direct binding to its various target genes' 
68. We wondered therefore, whether HSP90 might also facili 
tate the transcriptional activation of STAT5 genes, and thus 
participate in promoter-associated STAT5 transcription com 
plexes. Using an ELISA-based assay, we found that STAT5 is 
constitutively active in K562 cells and binds to a STAT5 
binding consensus sequence (5'-TTCCCGGAA-3). STAT5 
activation and DNA binding is partially abrogated, in a dose 
dependent manner, upon HSP90 inhibition with PU-H71. 
Furthermore, quantitative ChIP assays in K562 cells revealed 
the presence of both HSP90 and STAT5 at the critical STAT5 
targets MYC and CCND2. Neither protein was present at 
intergenic control regions (not shown). Accordingly, PU-H71 
(1 uM) decreased the mRNA abundance of the STAT5 target 
genes CCND2, MYC, CCND1, BCL-XL and MCL1, but 
not of the control genes HPRT and GAPDH. 
(0172 Collectively, these data show that STAT5 activity is 
positively regulated by HSP90 in CML cells. Our findings are 
consistent with a scenario whereby HSP90 binding to STAT5 
modulates the conformation of the protein and by this mecha 
nism it alters STAT5 phosphorylation/dephosphorylation 
kinetics, shifting the balance towards increased levels of 
p-STAT5. In addition, HSP90 maintains STAT5 in an active 
conformation directly within STAT5-containing transcrip 
tional complexes. Considering the complexity of the STAT 
pathway, other potential mechanisms however, cannot be 
excluded. Therefore, in addition to its role in promoting pro 
tein stability, HSP90 promotes oncogenesis by maintaining 
client proteins in an active configuration. 
(0173 More broadly, the data reveal that it is the PU-H71 
HSP90 fraction of cellular HSP90 that is most closely 
involved in Supporting oncogenic protein functions in tumor 
cells, and a labeled PU-H71 can be used to identify this tumor 
HSP90 species that is bound to a broad cross-section of the 
protein pathways required to maintain the malignant pheno 
type in specific tumor cells. 
0.174 5.1.10. HSP90 is Present in Two Distinct Forms in 
Tumor Cells 
0.175. The methods presented above take advantage of 
several properties of PU-H71 which i) binds preferentially to 
the fraction of HSP90 that is associated with oncogenic client 
proteins, and ii) locks HSP90 in an onco-client bound con 
figuration. 
(0176) Identification of HSP90 clients required for tumor 
cell Survival may also serve as tumor-specific biomarkers for 
selection of patients likely to benefit from HSP90 therapy and 
for pharmacodynamic monitoring of HSP90 inhibitor effi 
cacy during clinical trials (i.e., clients whose expression or 
phosphorylation changes upon HSP90 inhibition). Tumor 
specific HSP90 client profiling provide one approach for 
personalized therapeutic targeting of tumors. 
0177. This work substantiates and significantly extends 
the work of Kamal et al., providing a more Sophisticated 
understanding of the original model in which HSP90 in 
tumors is described as present entirely in multi-chaperone 
complexes, whereas HSP90 from normal tissues exists in a 
latent, uncomplexed state. We show that HSP90 forms bio 
chemically distinct complexes in cancer cells (FIG. 5a). In 
this view, a major fraction of cancer cell HSP90 retains 
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"housekeeping chaperone functions similar to normal cells, 
whereas a functionally distinct HSP90 pool enriched or 
expanded in cancer cells specifically interacts with oncogenic 
proteins required to maintain tumor cell Survival. Perhaps this 
HSP90 fraction represents a cell stress specific form of chap 
erone complex that is expanded and constitutively maintained 
in the tumor cell context. Our data Suggest that it may execute 
functions necessary to maintain the malignant phenotype. 
One Such role is to regulate the folding of mutated (i.e., 
mB-Raf) or chimeric proteins (i.e., Bcr-Abl)’. We now 
present experimental evidence for an additional role; that is, 
to facilitate scaffolding and complex formation of molecules 
involved in aberrantly activated signaling complexes. Herein 
we describe such a role for HSP90 in maintaining constitutive 
STAT5 signaling in CML. These data are consistent with 
previous work in which we showed that HSP90 was required 
to maintain functional transcriptional repression complexes 
by the BCL6 oncogenic transcriptional repressor in B cell 
lymphoma cells'. 
0.178 What distinguishes the PU-binding fraction of 
HSP90 from the non-PU-binding fraction? This is a very 
complex question that remains under active investigation. 
Although both HSP90C. and HSP90? isoforms are recog 
nized by PU-H71, our data provide evidence for at least one 
difference between Bcr-Abl/HSP90 (PU-preferring) and Abl/ 
HSP90 (PU-non-preferring) chaperone complexes. That is, 
Bcr-Abl/HSP90 chaperone complexes contain a number of 
co-chaperones (suggesting that an active chaperoning pro 
cess is underway, further supported by the sensitivity of Bcr 
Abl to the silencing of Hsp70), while Abl/HSP90 complexes 
lack associated co-chaperones (likely representing seques 
tered but not actively chaperoned Abl, supported by the insen 
sitivity of Abl to Hsp70 knockdown) (see FIG. 2e). Further 
more, we have observed that HSP90 that is mutated to more 
avidly bind to its client proteins also binds more avidly than 
does wild type HSP90 to PU-beads (manuscript in prepara 
tion). Finally, we have observed a differential impact of 
HSP90 phosphorylation on PU-H71 and geldanamycin bind 
ing. These findings, which are being pursued further, Suggest 
that various HSP90 inhibitors may be uniquely affected by 
specific post-translational modifications to the chaperone. 
Taken together, these preliminary observations show that PU 
H71 recognizes an HSP90 fraction that is participating in an 
active chaperone cycle, and that this characteristic is not 
necessarily shared by other HSP90 inhibitors. 
(0179 5.2. Labeled HSP90 Inhibitors for Diagnostic and 
Prognostic Applications 
0180. To measure in a tumor-by-tumor manner the abun 
dance of the “oncogenic HSP90, the disclosure provides 
several chemical tools (see Sections 5.2.1. and 5.2.2.) that can 
be used for diagnostic and prognostic purposes. Additionally, 
the chemical tools provide new insight into the heterogeneity 
of tumor associated HSP90 and harnesses the biochemical 
features of a particular HSP90 inhibitor to identify tumor 
specific HSP90 that regulates the tumor-promoting biological 
pathways and proteins. Such tools include labeled HSP90 
inhibitors that specifically identify and interact with this 
tumor “oncogenic HSP90 species, making it feasible to mea 
sure the abundance of the “oncogenic HSP90 species in 
different Subpopulations in tumors and thus, measure and 
predict sensitivity to HSP90 inhibition therapy. Moreover, 
measuring the abundance of “oncogenic HSP90 provides a 
means of determining whether a tumor is dependent on 
HSP90. 
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0181. In one aspect, the disclosure provides a method for 
determining whether a tumor will likely respond to therapy 
with an HSP90 inhibitor which comprises the following 
steps: 

0182 (a) contacting the tumor or a sample containing 
cells from the tumor with a detectably labeled HSP90 
inhibitor which binds preferentially to a tumor-specific 
form of HSP90 present in a tumor or tumor cells; 

0183 (b) measuring the amount of labeled HSP90 
inhibitor bound to the tumor or the tumor cells in the 
sample; and 

0.184 (c) comparing the amount of labeled HSP90 
inhibitor bound to the tumor or the tumor cells in the 
sample measured in step (b) to a reference amount of the 
labeled HSP90 inhibitor bound to normal cells; 

wherein a greater amount of labeled HSP90 inhibitor bound 
to the tumor or the tumor cells measured in step (b) as com 
pared with the reference amount indicates the tumor will 
likely respond to the HSP90 inhibitor. 
0185. The method involves measuring M a tumor the 
abundance of an HSP90 species, the “oncogenic HSP90, as 
a biomarker for HSP90 therapy. The abundance of this HSP90 
species does not necessarily correspond with the total HSP90 
expression in the tumor. The disclosure provides several solu 
tions to measuring the abundance of “oncogenic HSP90. In 
one such embodiment, labeled derivatives of certain HSP90 
inhibitors can be used as tools to measure its presence and its 
abundance. 
0186. Further, in this particular method the greater the 
ratio of the amount of labeled HSP90 inhibitor bound to the 
tumor or tumor cells measured in step (b) as compared to the 
reference amount, the greater the magnitude of the likely 
response to the HSP90 inhibitor therapy. 
0187 Still, further in this particular method the greater the 
amount of labeled HSP90 inhibitor bound to the tumor or the 
tumor cells measured in step (a), the greater the magnitude of 
the likely response to the HSP90 inhibitor therapy. 
0188 In one embodiment of this particular method, the 
reference amount of the labeled HSP90 inhibitor bound to 
normal cells is the amount of the labeled HSP90 inhibitor 
bound to normal cells in the sample containing cells from the 
tumor. 

(0189 Inanother embodiment, the reference amount of the 
labeled HSP90 inhibitor bound to normal cells is a predeter 
mined amount of the labeled HSP90 inhibitor bound to nor 
mal cells in a reference sample. 
0190. In another aspect, the disclosure provides a method 
for determining whether a tumor will likely respond to 
therapy with an HSP90 inhibitor which comprises the follow 
ing steps: 

0191 (a) contacting the tumor or a sample containing 
cells from the tumor with a detectably labeled HSP90 
inhibitor which binds preferentially to a tumor-specific 
form of HSP90 present in a tumor or tumor cells; 

(0192 (b) measuring the amount of labeled HSP90 
inhibitor bound to the tumor or the tumor cells in the 
sample; and 

(0193 (c) comparing the amount of labeled HSP90 
inhibitor bound to the tumor or the tumor cells in the 
sample measured in step (b) to a reference; 

wherein a greater amount of labeled HSP90 inhibitor bound 
to the tumor or the tumor cells measured in step (b) as com 
pared with the reference amount indicates the tumor will 
likely respond to the HSP90 inhibitor. 
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0194 In one embodiment of this particular method, the 
reference sample are cancer cells with no to little “oncogenic 
HSP90 expression. In another embodiment the reference is a 
correspondingly labeled compound with little to no binding 
to the “oncogenic HSP90. 
(0195 The detectably labeled HSP90 inhibitor may be 
labeled with any detectable label, and many such labels are 
well known in the art. For example, the detectably labeled 
HSP90 inhibitor may be fluorescently labeled, biotin labeled, 
ANCA-labeled or radioactively labeled. 
0196. In the practice of this particular method, the tumor 
may be any tumor or tumor-derived biological formation that 
contain the “oncogenic HSP90, such as exosomes. For 
example, the tumor and the other cells or tumor-derived bio 
logical formations that contain the “oncogenic HSP90' may 
be associated with, indicative of, or derived from any cancer 
selected from the group consisting of colorectal cancer, pan 
creatic cancer, thyroid cancer, a leukemia including acute 
myeloid leukemia, acute lymphoblastic leukemia and chronic 
myeloid leukemia, lymphoid leukemia, multiple myeloma, 
basal cell carcinoma, melanoma, renal cell carcinoma, blad 
der cancer, prostate cancer, a lung cancer including Small cell 
lung cancer and non-Small cell lung cancer, breast cancer, 
neuroblastoma, myeloproliferative disorders, gastrointesti 
nal cancers including gastrointestinal stromal tumors, esoph 
ageal cancer, stomach cancer, liver cancer, gallbladder can 
cer, anal cancer, brain tumors including gliomas, lymphomas 
including follicular lymphoma and diffuse large B-cell lym 
phoma, and gynecologic cancers including ovarian, cervical, 
and endometrial cancers. 
0197) In the practice of this particular method, the tumor, 
the tumor cell or the tumor-associated cell or biological for 
mation may be present in a Subject or may be isolated from a 
Subject. Thus, the tumor, tumor cell or tumor-associated cell 
to be contacted may be in the form of a solid tumor perse in 
Vivo or in the form of an attached cell Such as in a tissue 
sample or as within a liquid tumor or biological fluid; a 
sample obtained during a blood draw, bone marrow aspirate, 
biopsy, a fine needle aspiration or a Surgical procedure; a 
biological fluid; blood or bone marrow. The cells to be con 
tacted with the labeled HSP90 inhibitor may be present in any 
form including as disrupted cells, live cells, frozen cells, fixed 
and permeabilized cells, or formalin-fixed paraffin-embed 
ded cells. 

(0198 The detectably labeled HSP90 inhibitor may be a 
labeled form of the HSP90 inhibitor which is to be adminis 
tered as therapy, or may be a labeled form of a different 
HSP90 inhibitor including a chemically unrelated HSP90 
inhibitor or a labeled form of an analog, homolog or deriva 
tive of the HSP90 inhibitor to be administered. Subject only to 
the requirement that the delectably labeled HSP90 inhibitor 
and most likely the unlabeled HSP90 inhibitor to which is 
corresponds binds preferentially to a tumor-specific form of 
HSP90 present in many tumor and tumor cells. In this regard, 
“preferentially” means the HSP90 inhibitor binds with sub 
stantially greater affinity to the tumor-specific form of HSP90 
as compared to the affinity, if any, with which it binds to 
HSP90 characteristic of normal or non-tumor cells. 

(0199 Currently, one HSP90 inhibitor considered likely to 
be administered as therapy is PU-H71 or an analog, homolog 
or derivative of PU-H71. See for example, U.S. Pat. Nos. 
7,820,658 B2; 7,834,181 B2; and 7,906,657 B2, which are all 
hereby incorporated by reference in their entireties, for 
descriptions of illustrative HSP90 inhibitors. 
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0200. In one embodiment the HSP90 inhibitor is PU-H71 
and the detectably labeled HSP90 inhibitor is a form of PU 
H71 or of an analog, homolog, or derivative of PU-H71. 
Examples of forms of PU-H71 which may be the detectably 
labeled HSP90 inhibitor include, but are not limited to, 'I'- 
PU-H71, PU-H71-FITC2 or PU-H71-NBD1, or a biotiny 
lated analog of PU-H71 such as PU-H71-biotin-5, PU-H71 
biotin-6, PU-H71-biotin-8 or PU-H71-biotin-9, which are 
described below. 
0201 A labeled derivative of PU-H71, such as radiola 
beled '?I-PU-H71, ''I-PU-H71, PI-PU-H71, fluo 
rescently-labeled PU-H71, biotin-labeled-PU-H71, or 
ANCA-labeled inhibitor can therefore be employed as a tool 
to identify and quantify the tumor-specific HSP90 species. 
The abundance of this tumor HSP90 species can be used as a 
biomarker predictive of response to HSP90 therapy. 
0202 5.2.1. Fluorescent, Biotinylated and ANCA-La 
beled Probes for Detecting Oncogenic HSP90 
0203 The disclosure provides fluorescently labeled, bioti 
nylated probes and ANCA-labeled probes that are capable of 
detecting oncogenic HSP90 in cancer cells. Section 5.2.1.1. 
describes the production of various types of probes to be used 
in accordance with the present disclosure. Section 5.2.1.2. 
describes the use of Such probes in prognostic and diagnostic 
assayS. 
0204 5.2.1.1. Production of Probes 
0205 The disclosure provides fluorescently labeled, bioti 
nylated and ANCA-labeled inhibitors that are cell permeable 
and that selectively bind to “oncogenic HSP90. Cell perme 
able inhibitors are capable of penetrating the cell membrane 
of a cell and binding HSP90 within the cytoplasm of the cell. 
To be useful in the methods of the invention, the labeled 
inhibitor has to penetrate the cells in an amount that is mea 
Surable by the methods of detection known to the person 
skilled in the art. Section5.2.1.1.1. describes the development 
of different fluorescently labeled probes that are cell perme 
able and are capable of selectively binding to "oncogenic 
HSP90. Section 5.2.1.1.2. describes the development of dif 
ferent biotinylated probes that are cell permeable and are 
capable of selectively binding to “oncogenic HSP90. Sec 
tion 5.2.1.1.3. describes the development of different ANCA 
labeled probes that are cell permeable and are capable of 
selectively binding to “oncogenic HSP90. 
(0206 5.2.1.1.1. Fluorescently Labeled Probes 
0207. Fluorescently labeled inhibitors of HSP90 have 
already been reported, with analogs of geldanamycin (GM 
FITC, GM-Bodipy,' GM-cy3b') as well as pyrazole 1 
(fluorescein analog, VER-00045864)' used as ligands in 
fluorescence polarization assays (FIG. 8). A cell-imperme 
able GM-FITC derivative was used to identify cell surface 
HSP90 by fluorescence microscopy.' HSP90 however, is 
mainly a cytoplasmic protein with cell Surface expression 
detected only in certain cells.' Fluorescent probes are thus 
needed to analyze both intracellular and cell surface HSP90. 
(0208. An HSP90 cell-permeable probe that specifically 
and tightly interacts with “oncogenic HSP90 is favored for 
flow cytometry measurements of this potential biomarker 
because fixation/permeabilization methods used for the 
detection of intracellular antigens by flow cytometry may 
result in the destruction of the “oncogenic HSP90 complexes’ 
and of the cellular morphology and Surface immunoreactiv 
ity, properties useful in flow cytometry for the characteriza 
tion of cells in heterogeneous populations. To solve this issue 
the disclosure provides methods for the synthesis, character 
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ization and evaluation of fluorescently labeled HSP90 inhibi 
tors that permeate live cells and bind to the target. 
0209. This present disclosure provides various new fluo 
rescently labeled derivatives of PU-H71 (2), a purine-scaffold 
inhibitor of HSP90 (FIG. 8) and describes their biological 
application as probes for studying HSP90 by fluorescence 
activated flow cytometry and fluorescence microscopy. Sev 
eral HSP90 inhibitors based on the purine-scaffold, including 
BIIB021, MPC-3100, PU-H71 and Debio 0932 (formerly 
CUDC-305) are currently in clinical development for can 
cers. 
0210 Fluorescent ligands for the heat shock protein 90 
(HSP90) were synthesized containing either fluorescein 
isothiocyanate (FITC), 4-nitrobenzo 1.2.5 oxadiazole 
(NBD) orthered shifteddye sulforhodamine 101 (Texas Red) 
conjugated to PU-H71 (FIG. 9). Two of the compounds, 
PU-H71-FITC2 (9) and PU-H71-NBD1 (8), were shown to 
be suitable for fluorescence-activated flow cytometry and 
fluorescence microscopy. Thus these molecules serve as use 
ful probes for studying HSP90 in heterogeneous live cell 
populations. 

Oct. 2, 2014 

0211 For the development of small dye-labeled ligands, 
the selection of an optimal fluorophore and its site of attach 
ment are relevant. Particularly in small molecules the intro 
duced dye can significantly affect the biochemical and phar 
macologic characteristics of the ligand. According to the 
X-ray crystal structure of PU-H71 (2) bound to HSP90, the 
N9-alkylamino chain of the ligand is oriented towards sol 
vent. As a result of this, as well as previous SAR, several of the 
compounds synthesized in the present disclosure contain the 
fluorescent label attached to the N9 position. In particular 
embodiments, as described below, derivatives of PU-H71 
with different linkers were labeled with either FITC, NBD or 
Texas Red (TR) (see FIG. 1), 
0212. In one embodiment of the present disclosure, a six 
carbon spacer was appended to the constituent amine of an 
inhibitor based on the purine scaffold, thereby providing 
Compound 3 (Scheme 1 and FIG. 10). We had previously 
used this linker to attach PU-H71 to solid support and showed 
that Compound 3 retains good affinity for HSP90. As 
depicted in Scheme 1, Compound 3 was reacted with FITC in 
DMF/EtN to give Compound 4 (PU-H71-FITC1) in 40% 
yield following purification by HPLC. 

Scheme 1: Synthesis of PU-H71-FITC and PU-H71-NBD1 
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0213. In another embodiment, PU-H71-Texas Red (Com 
pound 5; PU-H71-TR) was synthesized by the reaction of 3 
with sulforhodamine 101 sulfonyl chloride in DMF to give 
Compound 5 in 61% yield following purification by HPLC 
(Scheme 1). In the case of the NBD analog, bromide 6 was 
reacted with Compound 7 in DMF to give Compound 8 
(PU-H71-NBD1) in 47% yield (Scheme 1). Compound 6°' 
and NBD derivative 7° were prepared as previously 
described. 

NH2 I 

N1N N O. C Cy- 2 
He 

NH 

NH 

HN N 

0214. In another embodiment, we took advantage of the 
secondary amine present in PU-H71° and reacted it directly 
with FITC or NBD-Cl to give Compound 9 (PU-H71-FITC2) 
(72%) or Compound 10 (PU-H71-NBD2) (40%), respec 
tively (Scheme 2 and FIG. 11). It was hypothesized that 
attachment of the dye directly to the amine would result in 
more cell permeable analogs, owing to the presence of the 
ionizable amine functionality. Additionally, derivatives con 
taining an isopropyl group (e.g., Compound 9 and Compound 
10) in place of a hydrogen render the compounds more lipo 
philic and enhance their cell permeability. 

Scheme 2: Synthesis of PU-H71-FITC2 and PU-H71-NBD2 

NH2 I 

N N v O 
y S NH I 

a NN 2 O 
N O N 

N 
Y-s O 

2 
N N 

b 8. 

- N. N s 
Q N 
NS 

NH 

ON -S 
10 2 

PU-H71-NBD2 PU-H71 

PU-H71-FITC2 

  



US 2014/0294725 A1 Oct. 2, 2014 
18 

0215. In yet another embodiment, as depicted in Scheme 3 (42%), respectively. Compound 13 was synthesized by 
and FIG. 12, desisopropyl-PU-H71 (Compound 13) was N9-alkylation of Compound 11 with N-(3-bromopropyl)-ph 
reacted with FITC or NBD-Cl to give Compound 14 (PU- thalimide and subsequent removal of phthalimide with hydra 
H71-FITC3) (74%) or Compound 15 (PU-H71-NBD3) zine (Scheme 3). 

Scheme 3: Synthesis of PU-H71-FITC3 and PU-H71-NBD3. 
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0216. Additional compounds analogous to PU-H71 
FITC3 (shown in Scheme 3) but with different linker lengths 
were prepared, as depicted in Scheme 4. 

Scheme 4: Synthesis of PU-H71-FITC4, PU-H71-FITC5, and PU-H71 
FITC6 
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18. PU-H71-FITC4 n = 2 
18b PU-H71-FITC5 n = 4 
18CPU-H71-FITC6 n = 6 

0217. The compounds prepared in Schemes 1-4 were 
assessed for their ability to permeate cells and bind to HSP90 
within the cells. Cell permeable probes are favored because 
fixation/permeabilization methods used for the detection of 
intracellular antigens by flow cytometry often result in the 
destruction of cellular morphology and Surface immunoreac 
tivity, properties useful in flow cytometry for the character 
ization of cells in heterogeneous populations. Thus, it is of 
particular interest to find cell-permeable ligands that interact 
with the target in live cells without the requirement offixation 
and permeabilization steps. 
0218. To investigate which of the above synthesized fluo 
rescently labeled PU-H71 derivatives retained the cells per 
meability profile of the parent compound PU-H71, we exam 
ined the cellular permeability of these HSP90 probes in 
human acute myelogenous leukemia (AML) cell lines, MV4 
11 and MOLM-13. Of the ten fluorescent derivatives of PU 
H71 prepared in Schemes 1-4, we find that PU-H71-FITC2 
(9) and PU-H71-NBD1 (8) have the highestability to perme 
ate cells and bind to HSP90 (FIG. 13). Specifically, we show 
efficient staining of live cells by these two derivatives (FIGS. 
13A) as well as biological activity in these cells indicative of 
target (HSP90) inhibition (FIGS. 13B, 13C). In particular, we 
show that both PU-H71-FITC2 (9) and PU-H71-NBD1 (8) 
decrease the viability of MOLM-13 cells (FIG. 13B), effect 
associated with degradation of HSP90-client proteins such as 
mutant FLT3 and Raf-1 (FIG. 13C) indicating intracellular 
HSP90 inhibition in these cancer cells." 

0219. Furthermore, confocal fluorescence microscopy of 
leukemia cells stained with PU-H71-FITC2 (9) showed 
prominent intracellular localization (FIG. 14A). In these 
experiments, DAPI was used as a viability dye to discriminate 
between viable and non-viable cells. This dye is impermeable 
in live cells at the tested concentration, but permeates non 
viable cells and binds specific regions of DNA. DAPI is 
excited in most instruments with a UV laser. Similar data 
were generated with PU-H71-NBD1 (8) (not shown). 
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0220 Flow cytometry is commonly used to separate and 
distinguish different cell populations in normal and malig 
nant hematopoiesis by the use of specific markers. As an 
example, blast cells are often quantified and characterized by 
dim CD45 staining (CD45dim), in contrast to the circulating 
non-blast cell populations, which are bright for CD45 stain 
ing (CD45hi). These cells, gated and separated by the pres 
ence of their identifying markers, we show here can also be 
stained for the target, HSP90, with PU-H71-FITC2 (FIG. 
14B). In accord with previous reports indicating the selective 
binding of PU-H71 to tumor cell HSP90, PU-H71-FITC2 
preferentially stained the malignant cell (blasts) and not the 
normal cell (lymphocytes) population in a primary acute 
myeloid leukemia sample (FIG. 14B). 
0221. Accordingly, we show that PU-H71-FITC2 (9) and 
PU-H71-NBD1 (8) permeate live cells and bind to the target. 
Specifically, we show that PU-H71-FITC2 and PU-H71 
NBD1 stain live cells (FIG. 13A), reduce the viability of 
leukemia cells (FIG. 13B), inhibit the intracellular HSP90 as 
indicated by degradation of HSP90 client proteins (FIG. 
13C), are localized intracellularly as indicated by confocal 
microscopy (FIG. 14A) and bind specifically to tumor versus 
normal cell HSP90 as indicated by flow cytometry (FIG. 
14B), to provide ample evidence that these probes permeate 
the cell and bind specifically to the tumor HSP90 target, 
similarly to PU-H71. Examples such as provided in FIG. 4, 
FIG. 15, FIG. 16 and FIG. 18 also demonstrate that these 
fluorescent derivatives of PU-H71 interact with the “onco 
genic HSP90 species and moreover provide a means to 
quantify this species in a large spectrum of cancer cells. As 
discussed in Section 5.2.1.2., these fluorescent derivatives of 
PU-H71 can be applied as probes for fluorescence-activated 
flow cytometry or as tools for monitoring real-time interac 
tion of HSP90 with the target by fluorescence microscopy. 
0222 Based on the results discussed above, we designed 
various other cell permeable probes that can interact with 
HSP90 and thus, can be used as diagnostic and/or prognostic 
tools. In one embodiment, compounds similar to PU-H71 
FITC2 but with a different substituent on the benzod1.3 
dioxole ring were synthesized in a manner similar to 
PU-H71-FITC2, as shown in Scheme 5. 

Scheme 5: Synthesis of Compounds Analogous to PU-H71-FITC2 
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-continued -continued 
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-continued -continued 

( 
S 
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7 0223) In another embodiment, compounds similar to com 
O pounds depicted in Scheme 5 but where the pyrimidine ring 

HN on the purine-scaffold is replaced with a pyridine ring, were 
2 N O synthesized in a manner similar to PU-H71-FITC2, as shown 
s S- > in Scheme 6. 

N O 
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N Scheme 6: Synthesis of Compounds Analogous to PU-H71-FITC2 
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-continued 

O 
Scheme 7: Synthesis of PU-FITC7 

CF 

FITC, EtsN 
-o- 

DMF, rt 

CF3 

Fc-( ) 
HN 

Y-s-( ) - \ ^ O 

-Q 
S 

NH 

COOH 

OOC HO O O 

20 
PU-FITC7 

0224. In another embodiment, Compound PU-FITC7 is 0225. In another embodiment, Compound PU-FITC8 is 
prepared, as depicted in Scheme 7. prepared, as depicted in Scheme 8. 
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Scheme 8: Synthesis of PU-FITC8 
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0226. In another embodiment, Compound PU-FITC9 is 
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prepared, as depicted in Scheme 9. 

Scheme 9: Synthesis of PU-FITC9 
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In still another embodiment, Compound DZ13 
FITC1 (PU-DZ13-FITC) is prepared, as depicted in Scheme 

Scheme 10: Synthesis of Compound DZ13-FITC1 
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0228 In still another embodiment, Compound SNX-FITC 

-continued 

HO 

DZ13-FITC1 

is prepared, as depicted in Scheme 11. 

O 

Scheme 11: Synthesis of Compound SNX-FITC 
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0229. 5.2.1.1.2. Synthesis of Biotinylated Probes for 
Detecting Oncogenic HSP90 
0230. A series of biotinylated analogs of PU-H71 (2) and 
desisopropyl-PU-H71 (13) were prepared with the purpose of 
obtaining compounds that are capable of permeating cell 
membranes and bind to intracellular HSP90 in live cells. The 
HSP90 inhibitors 13 and 2 were conjugated to biotin through 
a linker. The type of linker, as well as its length, were system 
atically altered so as to identify compounds capable of per 
meating into live cells and binding to HSP90. 
0231. The biotin tag enables for pull down experiments 
through subsequent binding to streptavidin. The linker should 
be of sufficient length to enable the concomitant binding to 
HSP90 and streptavidin. 
0232. The biotin tag also enables for detection using a 
labeled streptavidin or avidin antibody, and thus the biotiny 
lated HSP90 inhibitors can be useful in staining tissues to 
detect the “oncogenic HSP90. 
0233 Compound 13 and Compound 2 contain an amine 
functionality which enables for the direct attachment of biotin 
and biotin containing linkers through the formation of an 
amide bond. In one embodiment, biotinylated molecules 
were prepared with no linker (i.e., direct attachment to 
biotin). The synthesis of two such compounds, referred to as 
PU-H71-biotin2 and PU-H71-biotin3, is depicted in Scheme 
12. The compounds may be prepared from Compound 13 or 
Compound 2, respectively, by DCC coupling with D-biotin 
under Sonication. 

Scheme 12: Synthesis of PU-H71-biotin2 and PU-H71-biotin3 
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0234. In another embodiment, biotinylated molecules 
were prepared by covalently attaching PU-H71 (2) or desiso 
propyl-PU-H71 (13) to biotin through a 6-carbon chain 
spacer group to produce PU-H71-biotin4 or PU-H71-biotin7. 
as depicted in Scheme 13. PU-H71-biotin4 and PU-H71 
biotin7 may be prepared by reacting Compound 13 or Com 
pound 2, respectively, with the commercially available N-hy 
droxysuccinimide active ester containing biotin molecule 
referred to as EZ-Link R. NHS-LC-Biotin, in the presence of a 
base. 

Scheme 13: Synthesis of PU-H71-biotin4 and PU-H71-biotin7 
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0235 Instill another embodiment, biotinylated molecules 
were prepared by covalently attaching PU-H71 (2) or desiso 
propyl-PU-H71 (13) to biotin through an extended carbon 
chain spacer group to produce PU-H71-biotin5 or PU-H71 
biotin8, as depicted in Scheme 14. PU-H71-biotin5 and 
PU-H71-biotin8 may be prepared by reacting Compound 13 
or Compound 2, respectively, with the commercially avail 
able N-hydroxySuccinimide active ester containing biotin 
molecule referred to as EZ-Link(RNHS-LC-LC-Biotin, in the 
presence of a base. 

Scheme 14: Synthesis of PU-H71-biotin5 and PU-H71-biotin8 
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-continued 
O Scheme 15: Synthesis of PU-H71-biotinó and PU-H71-biotin9 
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0236 
were prepared by covalently attaching PU-H71 (2) or desiso 
propyl-PU-H71 (13) to biotin through a polyethylene glycol 
chain to produce PU-H71-biotinó or PU-H71-biotin9, as 
depicted in Scheme 15. PU-H71-biotinó and PU-H71-biotin9 
may be prepared by reacting Compound 13 or Compound 2. 

In yet another embodiment, biotinylated molecules 

respectively, with the commercially available N-hydroxysuc 
cinimide active ester containing biotin molecule referred to as 
EZ-Link R. NHS-PEG-Biotin, in the presence of a base. 

PU-H71-biotis R = H 
PU-H71-biotin9 R = isopropyl 
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0237. In yet another embodiment depicted in Scheme 16, 
an amine linked biotin analog, referred to as PU-H71-biotin, 
was synthesized by the reaction of bromide compound 6 with 
EZ-Link R. Amine-PEO-Biotin 

Scheme 16: Synthesis of PU-H71-biotin 
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0238. To ensure the biotinylated compounds still retain 
affinity for HSP90, they were eachevaluated in a fluorescence 
polarization assay using SKBr3 cancer cell lysate. As can be 
seen each of the compounds retain good affinity for HSP90 
with ICss in the range 31-154 nM (Table 1: PU-H71, 
ICso 25 nM). 

TABLE 1. 

Properties of Biotinylated compounds 

ECs (nM); SKBr3 HSP90-streptavidin 
HSP90 binding binding with K562 

assay lysate cells MW TPSA ClogP 

24.5 Il-8. Il-8. 512 96.8 3.09 

S8.9 Yes No 871.81 194.75 1.69 

153.5 No No 738.66 146.24 3.12 

44.3 No No 696.58 15S.O3 1.93 

34.8 No No 809.74 184.13 3.49 

31.4 Yes Yes 922.90 n.d n.d. 

66.2 Yes Yes 943.87 n.d. n.d. 

72.8 No No 851.82 n.d. n.d. 

76.9 Yes Yes 964.98 n.d. n.d. 

110.1 Yes Yes 985.95 n.d. n.d. 

na, = not applicable 
n.d. = not determined; TPSA and Clog Pvalues were determined with Chemdraw and n.d. Indicates that it was 
not possible to determine a value for the given structure, 
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0239. Two general trends can be observed. First, com 
pared to PU-H71 analogs the desisopropyl analogs bind on 
average with approximately 2-fold greater affinity (i.e. 
PU-H71-biotin3 vs.-2, -4 vs -7, -5 vs -8, -6 vs -9). Second, in 
terms of the linkers the carbon series is more potent than the 
ethylene glycol series (i.e. PU-H71-biotin4 and -5 vs -6, -7 
and -8 VS -9). In Sum, all of the compounds prepared retain 
good affinity with HSP90 and were suitable for further analy 
S1S. 

0240 Having shown that each of the prepared biotinylated 
molecules retain goad affinity to HSP90 we next wanted to 
determine whether the chain length was sufficient to maintain 
concomitant binding to HSP90 and streptavidin. K562 lysate 
(500 ug protein) was treated overnight with a mixture of 
streptavidin beads and 100 uM of each of the compounds. 
Following sufficient washing to remove any unbound mate 
rial, the remaining bead pellet was analyzed by SDS-PAGE. 
The gel was washed and stained with coomasie blue for 1 h. 
PU-H71-biotin-5, -6, -8, -9 as well as PU-H71-biotin show a 
band at approximately 90 kDa, indicating concomitant bind 
ing to HSP90 and streptavidin. Analogs without a linker (PU 
H71-biotin2 and -3) and with a 6-carbon spacer group (PU 
H71-biotin4 and -7) did not show aband at 90kDa, indicating 
that the linker was too short. In contrast, compounds contain 
ing an extended carbon chain spacer group (PU-H71-biotin5 
and -8 and a polyethylene chain (PU-H71-biotinó and -9) 
were of Sufficient length to enable concomitant binding. 
0241 Having shown that some of the molecules bind con 
comitantly to HSP90 and streptavidin, we next investigated 
whether this can similarly be accomplished in live cells. In 
this case, binding in K562 cells was first determined by treat 
ment with 100 uM of PU-H71-biotin-5, -6, -8, -9 as well as 
PU-H71-biotin for 4 h then analyzed by SDS-PAGE. Of the 
compounds evaluated only PU-H71-biotin failed to maintain 
binding in live cells. Interestingly, PU-H71-biotin contains an 
ionizable amine which limits its permeability and may be a 
primary factor for its failure to bind. In contrast, PU-H71 
biotin-5, -6, -8, -9 do not contain an ionizable amine and are 
able to permeate the cell membrane. The active compounds 
were evaluated at 50, 25, and 10 uM and show that PU-H71 
biotin-6 and 9 maintain good binding even at 10 uM. These 
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two compounds were further evaluated at 5, 2.5 and 1 uMand 
even at the lowest concentration a faint band is still present at 
approximately 90 kDa. PU-H71-biotin-6 still shows a faint 
band at 0.5uM, indicating concomitant binding is still main 
tained at this low concentration. 
0242. It appears that compounds containing extended car 
bon chain spacer groups (PU-H71-biotin-5, -8) or polyethyl 
ene glycol chain linkers (PU-H71-biotin-6, -9), irrespective 
of whether 13 or 2 is attached, are able to permeate the 
membrane of K562 cells, bind to HSP90 and subsequently 
bind to streptavidin beads. Furthermore, it appears as if com 
pounds containing polyethylene glycol chain linkers (PU 
H71-biotin-6, -9) may be preferred. 
0243 5.2.1.1.3. Synthesis of ANCA-Labeled Probes 
0244. The present disclosure further provides probes for 
detecting oncogenic HSP90 by labeling inhibitors with amino 
naphthalenyl-2-cyano-acrylate (ANCA). ANCA is a fluores 
cent probe that can bind to and stain amyloid plaques in 
human tissue. ANCA is often referred to as a molecular rotor. 
Molecular rotors are probes where the fluorescence quantum 
yield is dependent on the Surrounding environment. The 
structural motif of the molecular rotor is such that when 
brought in to close proximity of a macromolecule the internal 
molecular rotation is hindered (increase in rigidity) resulting 
in a change in fluorescent emission i.e. bound and unbound 
molecular rotors have different fluorescence emission peaks 
(see FIG. 15). This physical aspect can be exploited when 
conjugated to PU-H71, which has specificity to the “onco 
genic Hsp90. The molecular rotor conjugated to PU-H71 
allows one to discernina heterogeneous population of cancer 
cells, the cells with “oncogenic Hsp90 and allows the quan 
titation of Such species in the cells present in specimens 
obtained from interventions such as biopsy, Surgery or fine 
needle aspirates. 
0245. In one embodiment, desisopropyl-PU-H71 (13), 
PU-H71 (2) or compounds analogs of 13 or 2 may be labeled 
with ANCA, as depicted in Scheme 17. In Scheme 17, desiso 
propyl-PU-H71 (13) is reacted with cyanoacetic acid to pro 
duce Compound 26 In the next step, Compound 26 is reacted 
with Compound 27 at elevated temperature to afford Com 
pound 28 (PU-ANCA). 

Scheme 17: Synthesis of PU-ANCA 
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0246. In yet another embodiment, ANCA labeled HSP90 
inhibitors useful in the invention, such as those based on 
purine are shown in Scheme 18. 

Scheme 18: Synthesis of ANCA-labeled HSP90 inhibitors based on purine 
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0247. In yet another embodiment, ANCA labeled HSP90 
inhibitors useful in the invention, such as those based on 
imidazopyridine are shown in Scheme 19. 
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Scheme 19: Synthesis of ANCA-labeled HSP90 inhibitors based on imidazopyridine 

NH2 X O 

ICC) N Y-s O 
2NN 8. 

NH2 

NH2 X y 
O N1 N v ICC 

NH X O Cy 
- DOC) r Sl-N. N try C. C NH 

b 
e- O 

CN 

/ 

N 

NH2 I NH2 Br NH2 - 

1n-N J. O C) J. O C) J. O c 2 N- y- 2 N- y- 2 

K) 
N y () K. ( ) 

V V V 



US 2014/0294725 A1 
36 

-continued 
S 

NH2 \ HN 
NH2 \ 2 

N1s-N O N 
Y-s > N1 n v 2NN O y-s 

2NN 

NH 

O 

/ CN 

y K 
V 

a NN 
NH2 f 

y-s-Quly 
2NN O 

NH NH 

O O 

CN CN 
/ / 

y y K K 
V V 

0248 5.2.1.2. Utilization of Probes in Cancer Prognosis 
and Treatment 

0249 5.2.1.2.1. Hematologic Malignancies 
0250 Studies discussed in Section 5.1, confirm that cer 
tain HSP90 inhibitors bind preferentially to a subset of 
HSP90 species, the “oncogenic HSP90 that is more abun 
dant in cancer cells than in normal cells. Abundance of this 
species is not dictated solely by the amount of HSP90 expres 
sion and is predictive of cellular sensitivity to HSP90 inhibi 
tion. Thus, determining the proportion of the HSP90 popula 
tion in a patient's cancer cells that is available for binding to 
a tagged inhibitor that selects for this “oncogenic HSP90. 
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such as PU-H71, predicts sensitivity to HSP90 inhibitors in 
the clinic and reveals the level to which the cancer cells are 
dependent on HSP90. 
0251 Specifically, the disclosure shows that cell perme 
able fluorescently labeled HSP90 inhibitors such as PU-H71 
FITC derivatives (e.g., PU-FITC; PU-H71-FITC2) label live 
cells as early as one hour after exposure, reduces the viability 
of leukemia cells at 24-48 h, inhibits the intracellular tumor 
HSP90 as indicated by degradation of HSP90 client oncopro 
teins, are localized intracellularly as indicated by confocal 
microscopy and bind specifically to tumor versus normal cell 
HSP90 as indicated by flow cytometry. Furthermore, the fluo 
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rescently labeled compounds of the present disclosure bind to 
the “oncogenic HSP90 species, which provide ample evi 
dence that this probe permeates the cell and binds specifically 
to the tumor"oncogenic HSP90” target, similarly to PU-H71. 
0252. The methods of the present disclosure may be used 
to determine if a patient with a hematologic malignancy (e.g., 
leukemia) or a myeloproliferative disorder will be responsive 
to HSP90 inhibition therapy. The method may be applied to 
differenthematologic malignancies including, but not limited 
to, leukemia including acute myeloid leukemia, acute lym 
phoblastic leukemia and chronic myeloid leukemia, to lym 
phoid leukemias, to multiple myeloma and myeloprolifera 
tive neoplasms and disorders. 
0253) The disclosure provides a method for determining 
whether a patient with a blood cancer will likely respond to 
therapy with an HSP90 inhibitor which comprises contacting 
a sample containing cancer cells and non-cancer cells (e.g., 
lymphocytes) from the patient with a cell permeable fluores 
cently labeled HSP90 inhibitor which binds preferentially to 
a tumor-specific form of HSP90 present in the cancer cells of 
the patient, measuring the amount of fluorescently labeled 
HSP90 inhibitor bound to the cancer cells and non-cancer 
cells in the sample, and comparing the amount of the fluores 
cently labeled HSP90 inhibitor bound to the cancer cells with 
the amount of the fluorescently labeled HSP90 inhibitor 
bound to the non-cancer cells, wherein a greater amount of 
fluorescently labeled HSP90 inhibitor bound to the cancer 
cells than the non-cancer cells indicates the tumor will likely 
respond to the HSP90 inhibitor. In certain embodiments, the 
amount of binding to the cell permeable fluorescently labeled 
HSP90 inhibitor is determined using flow cytometry. 
0254. In some embodiments, a ratio of binding blood can 
cer cells to normal lymphocytes of about 1.5 or greater indi 
cates that a cancer patient will be susceptible to HSP90 inhi 
bition therapy. In other embodiments, a ratio of binding blood 
cancer cells to normal lymphocytes of about 2 or greater 
indicates that a cancer patient will be susceptible to HSP90 
inhibition therapy. In still other embodiments, a ratio of bind 
ing blood cancer cells to normal lymphocytes of about 2.5 or 
greater indicates that a cancer patient will be susceptible to 
HSP90 inhibition therapy. In still other embodiments, a ratio 
of binding blood cancer cells to normal lymphocytes of about 
3 or greater indicates that a cancer patient will be susceptible 
to HSP90 inhibition therapy. In still other embodiments, a 
ratio of binding blood cancer cells to normal lymphocytes of 
about 4 or greater indicates that a cancer patient will be 
susceptible to HSP90 inhibition therapy. In still other 
embodiments, a ratio of binding blood cancer cells to normal 
lymphocytes of about 5 or greater indicates that a cancer 
patient will be susceptible to HSP90 inhibition therapy. 
0255. A large number of established cell lines and primary 
tumor samples were investigated by conducting a correlative 
analysis between binding of a cell perrneable fluorescently 
labeled HSP90 inhibitor (e.g., PUH71-FITC2) and cell 
viability invitro upon exposure to HSP90 inhibitors. To deter 
mine PUH71-FITC2 binding to a panel of cell lines and 
primary leukemia samples, we used multiparameter flow 
cytometry analysis. We also tested the sensitivity of these 
cells to HSP90 inhibitors by performing viability assays 48 h. 
after drug exposure. 
0256 Fluorescence-activated flow cytometry, remains a 
method of choice for enumerating, purifying and analyzing 
cells.’" In fact, a multitude of measurements can be per 
formed now by flow cytometry, and recent technical advances 
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allow these measurements to be made simultaneously on 
individual cells within heterogeneous populations.' Such 
multiparameter analysis is quite powerful as it provides more 
data from less sample, a key consideration when patient 
samples are limited. Multiparameter analysis also allows 
more accurate identification of populations, by excluding 
unwanted cells that bind some reagents." The method is 
thus optimal for analyzing the binding of HSP90 ligands, 
when fluorescently labeled, to distinct cell populations. 
0257 Fluorescently labeled ligands have historically had 
a wide variety of uses in biology and pharmacology," and 
offer the advantage of retaining the pharmacological proper 
ties of the unlabeled ligand. In addition to in vitro investiga 
tions of ligand-receptor binding, Small molecule fluorescent 
probes allow for real time and non-invasive monitoring of the 
interaction between the target and the ligand in living cell 
populations, such as by means of flow cytometry. 
0258 Fluorescent dyes absorb light at certain wavelengths 
and in turn emit their fluorescence energy at a higher wave 
length. Each dye has a distinct emission spectrum, which can 
be exploited for multicolor analysis by flow cytometry. 
Among the most used are fluorescein isothiocyanate (FITC), 
4-nitrobenzo 1.2.5oxadiazole (NBD) or the red shifted dye 
sulforhodamine 101 (Texas Red). FITC and NBD are 
detected in the FL1 channel on most instruments and are also 
a good choice for fluorescence microscopy (excitation 495 
and 466 nM and emission 519 and 539 nM, respectively), 
whereas Texas Red is detected in FL3 on single laser instru 
ments (excitation 589 nM and emission 615 nM). 
0259. In Section 5.1.1., we discussed studies with several 
primary leukemia cells and normal blood cells. In particular, 
we analyzed primary chronic and blast phase CML and acute 
myeloid leukemia (AML) samples that contained both blasts 
(malignant cell population) and lymphocytes (normal cell 
population), CD34+ cells isolated from the cord blood of 
healthy donors, total mononuclear cells from peripheral 
blood and also peripheral blood leukocytes (PBLs) (FIGS. 
1c-e, 3, 4). We used a fluorescein labeled PU-H71 (PUH71 
FITC2) as a tool to perform multiparameter flow cytometric 
analysis, in heterogeneous cell populations. As shown in FIG. 
4a, agating strategy is used to distinguish between the normal 
cell population (lymphocytes) and the malignant cell popu 
lation (blasts). The flow cytometric dot blots are shown for 
three different patients. In FIG. 4b, the ratio of PU-H71 
FITC2 binding to HSP90 in CML blasts to normal lympho 
cytes from the primary patient samples is shown. 
0260. In FIG. 4d. flow cytomertry is again used to distin 
guish between blasts and normal lymphocytes and to analyze 
binding of CD34+ cells within the blast gate. In FIGS. 4e and 
4g, the ratio of PU-H71-FITC2 binding to HSP90 CD34+ 
blasts to normal lymphocytes in six leukemia patients and in 
three healthy patients was determined. The nine patients were 
treated with either PU-H71-FITC2 or a control (TEG-FITC) 
(FIGS. 4f and 4h). As shown in FIG. 4h, patients who had the 
highest ratio (referred to as CML03106, 0614 and 0124; 
ratios averaged in FIG. 4g as “bcCML') were more sensitive 
than those with a lower ratio (referred to as CML0118, 0.128 
and 0222; ratios averaged in FIG.4g as “cpCML'). It is noted 
that healthy patients had a ratio nearing one (FIG. 4g) and 
their cells in cord blood were not significantly sensitive to 
PU-H71 (FIG. 411, referred to as CB1.2.3). The results dis 
played in FIG. 4f indicate that the viability of the CD34+ 
blasts was significantly reduced in the patients while the 
normal lymphocytes were not affected. Similarly, the control 
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compound (TEG-FITC) did not reduce the viability of either 
the CD34+ blasts or the normal lymphocytes. 
0261. In primary samples, we analyzed both the blast 
populations and normal lymphocytes within the same patient. 
We found that in a panel comprised of primary leukemia cells 
(primary chronic- and blast-phase chronic myelogenous leu 
kemia (CML) and acute myelogenous leukemia (AML) 
samples), and healthy blood cells (including CD34+ cord 
blood cells, and total peripheral blood mononuclear cells 
isolated from healthy donors), cells with the highest avidity 
for PUH71-FITC2 were also the most sensitive to killing by 
this agent (FIG. 16). Importantly, normal lymphocytes 
present within the leukemia blood samples, show low binding 
to PU-FITC and were not affected by PU-H71. Thus, we 
rationalized that the use of the relative binding of PU-FITC in 
leukemia cells compared to normal lymphocytes within the 
same patient can be used as a normalized value to compare 
PUH71-FITC2 binding across samples. Specifically, when 
evaluated in CML samples, blast crisis CML (bcCML) cells 
presented the highest binding to PU-FITC (over 4 fold rela 
tive to normal lymphocytes) and demonstrated the highest 
sensitivity to PU-H71 treatment when compared to chronic 
phase (cpCML) (FIG.16). In contrast, PU-H71 bound weakly 
to HSP90 in normal blood cells (ICso values higher than 2,000 
nM. vs -100 nM in bcCML) and was non-toxic in these cells 
at concentrations that were toxic to the cancer cells (FIGS. 
1de and 16B, C). FIG.16C shows the graph correlating the 
ratios obtained by analyzing the binding of PU-H71-FITC2 to 
blasts and to normal lymphocytes in 19 primary AML 
samples (reported as Fold PU binding on the X-axis) and the 
measured viability of the blasts when treated with PU-H71. 
Responsive (>50% reduced viability) from non-responsive 
(<50% reduced viability) tumors cells could be differentiated 
by a ratio of about 2.31 to about 7.43 or above compared to 
about 0.65 to about 2.22 or below, respectively. 
0262. Furthermore, in a panel of 14 leukemia cell lines we 
also noted a significant correlation between PU-H71-FITC2 
binding (as presented in mean fluorescence intensity) and the 
sensitivity of these cells to HSP90 inhibition by PU-H71 
(FIG.3e). 
0263 Based on the data collected for the 19 primary AML 
specimens, we have calculated the sensitivity and accuracy 
curves to determine the probability of the assay to correctly 
identify the sensitive and resistant AML specimens. We per 
formed a classification performance analysis using an arbi 
trary cut-off value of 2 or higher for PU-FITC binding (blast/ 
lymphocyte) and less than 50% viability as a predicted 
outcome, and observed the following values: Accuracy: 
83.3% (53.2-93.8%; 95% CI); Sensitivity: 91.7% (72.8-99. 
5%; 95% CI); Specificity: 66.7% (28.9%-82.4%; 95% CI): 
Positive predictive value: 84.6% (67.2-91.9%; 95% CI): 
Negative predictive value: 80% (34.7%-98.9%; 95% CI): 
Fisher exact test, p=0.022. These calculations suggest that 
PU-FITC has a good classification performance; this evalua 
tion will be repeated with a larger cohort of samples to obtain 
more accurate and precise performance estimates. To mini 
mize assay differences due to experimental or instrument 
variation, we will use the following: (1) BDCytometer Setup 
& Tracking (CST) beads to allow for automated performance 
adjustments and improve day-to-day cytometer performance 
and consistency. CST beads will be run prior every new 
experimental set (2) Positive control MV411 (sensitive cell 
line-high binding) and a negative control HL60 (low sensi 
tivity cell line-low binding) will be included in the assays. 
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0264. To determine whether the in vitro observations in 
leukemia cells can be confirmed in animal preclinical models, 
we set up Xenotransplants using primary AML samples with 
different sensitivities (high and low) to PU-H71 evaluated in 
vitro and or predicted by PU-FITC binding. Primary AML 
cells were injected into sub-lethally irradiated NOD/SCID 
mice (n=8). Three to four weeks after injection, when the 
human leukemia cells have engrafted in the bone marrow 
(BM) of the mouse, treatment with PU-H71 or vehicle control 
was started (75 mg/kg 3x week) and continued for four weeks. 
Mice were sacrificed and leukemia engraftment evaluated 
using anti-human CD45 and CD34. To determine the ability 
of the Surviving cells to give rise to disease, we transplanted 
equal numbers of human cells into sub-lethally irradiated 
NOD/SCID mice. This experiment determines whether PU 
H71 treatment for the high binding-high in vitro sensitivity 
cells prevents further tumor initiation. If that is the case, it will 
Suggest that treatment will decrease the likelihood of relapse. 
Because the Xenografts may alter the biology of the leukemia 
sample, PUH71-FITC2 binding to the primary cells was 
evaluated prior to injection of the engrafted cells (4 weeks 
after transplant). 
0265 Results from the xenotransplant experiments are 
depicted in FIG. 17. In experiments using two primary AML 
samples (high sensitivity and low sensitivity, FIGS. 17a), we 
found that the high sensitivity sample has higher PUH71 
FITC2 binding than the low sensitivity sample in the 
xenografted AML sample (FIG. 17b) and responds signifi 
cantly better to treatment with an HSP90 inhibitor (FIG. 17c). 
In addition we found that cells from the PU-high sensitivity 
AML showed significantly decreased engraftment in second 
ary transplants (p=016). The results show that HSP90 
involvement in the survival and proliferation of leukemia 
cells of patients at similar stages of the disease may be Sub 
stantially different. Additionally, the effect of HSP90 inhibi 
tion therapy may be predicted from using fluorescently 
labeled probes of the present disclosure. 
0266 5.2.1.2.2. Solid and Liquid Tumors 
0267 Fluorescently labeled, ANCA-labeled and biotiny 
lated probes of the present disclosure also have prognostic 
and diagnostic applications for Solid tumors and lymphomas 
and other liquid tumor associated cancers. Examples of Such 
tumors are those associated with a cancer selected from the 
group consisting of colorectal cancer, pancreatic cancer, thy 
roid cancer, basal cell carcinoma, melanoma, renal cell car 
cinoma, bladder cancer, prostate cancer, a lung cancer includ 
ing Small cell lung cancer and non-Small cell lung cancer, 
breast cancer, neuroblastoma, gastrointestinal cancers 
including gastrointestinal stromal tumors, esophageal cancer, 
stomach cancer, liver cancer, gallbladder cancer, anal cancer, 
brain tumors including gliomas, lymphomas including folli 
cular lymphoma and diffuse large B-cell lymphoma, and 
gynecologic cancers including ovarian, cervical, and 
endometrial cancers, particularly breast cancer, gastric can 
cer, or pancreatic cancer. A person skilled in the art will 
recognize that labeling can be performed on tumor cells that 
are part of a tissue slice such as obtained from a biopsy or 
Surgical resection of a tumor. In this case, tumor cells will be 
Surrounded by cells of the stroma, benign tissue, vessels and 
other cells Such as lymphocytes, macrophages. Labeling can 
also be performed in dissociated tumor cells such as those 
obtained from tissues that contain Such tumor cells. Labeling 
can also be performed in tumor cells Such as those obtained 
from established cancer cell lines. Not last, labeling can also 
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be performed in tumor cells such as those obtained from 
biological fluids that contain Such tumor cells including 
plasma and pleura. In one embodiment, labeling can be per 
formed in tumor cell and tumor-associated cells and biologic 
bodies such as those found in the circulation of cancer 
patients, cells obtained by fine needle aspirates or other inter 
ventional procedures that result in a biospecimen containing 
cancer cells or other types of cells or biological formations 
that contain the “oncogenic HSP90. In yet another embodi 
ment, labeling can be performed in other cells associated with 
malignant transformation or biologic bodies that incorporate 
the oncogenic HSP90, such as the tumor exosomes. For 
instance, Section 6.3.8. describes isolating tissue for staining 
from a patient with gastric cancer and breast cancer after 
Surgical resection and Section 5.2.1.2.4. describes isolating 
circulating tumor cells from a cancer patient. 
0268 Experiments in pancreatic and breast cancer cell 
lines indicate that analyses conducted in blood tumors are 
also valid in solid tumors and lymphomas. Thus labeled cell 
permeable HSP90 inhibitors, can detect and quantify the 
“oncogenic HSP90 present in the solid tumor cells or lym 
phoma cells. Moreover, the inhibitors can be used to predict 
the sensitivity of solid or liquid tumor cells to HSP90 inhibi 
tion therapy. A person skilled in the art will recognize that 
liquid tumors are associated but not limited to leukemias, 
lymphomas, myelomas and myeloproliferative neoplasms. 
Such person will also recognize that certain liquid tumors can 
also form solid tumors, and that in addition to the blood, 
cancer cells associated with these diseases can spread to the 
lymph nodes, spleen, liver, bone marrow and other sites. 
0269. In one example, a panel of pancreatic and breast 
cancer cells were tested for (I) sensitivity to several distinct 
HSP90 inhibitors such as PU-H71, SNX-2112 and NVP 
AUY922 (see FIG. 2); (2) binding to PU-H71-FITC2; and (3) 
expression of total HSP90 in these tumor cells. FIG. 18 shows 
a significant correlation between PU-H71-FITC2 binding 
and sensitivity of these cells to PU-H71, SNX-2112 and 
NVP-AUY922 (r=0.59, 0.62 and 0.61, respectively FIG. 
18A). In contrast no significant correlation was determined 
between the sensitivity to HSP90 inhibitors and the expres 
sion of total tumor HSP90 in these cells (FIG. 18C), Simi 
larly, no significant correlation could be established between 
the expression of “oncogenic HSP90 as determined by PU 
FITC and the expression of total tumor HSP90 in these cells 
(FIG. 18B). The HL-60 leukemia cells are resistant to PU 
H71 and other HSP90 inhibitors and show low to no binding 
to PU-FITC. Thus, we rationalized that the use of the relative 
binding of a labeled HSP90 inhibitor (e.g., PU-H71-FITC2) 
in cancer cells compared to 14L-60 can also be used as a 
normalized value to compare PU-FITC binding across 
samples and experiments (FIG. 18D). FIG. 18 shows such 
analysis using the ratio of labeled-PUH71 (e.g., PU-H71 
FITC2) binding to the respective cancer cell and to HL60 in 
several pancreatic and breast cancer cells. Collectively, these 
data indicate that: (1) PU-FITC is an appropriate tool to 
measure the abundance of the “oncogenic HSP90”; (2) mea 
suring the abundance of the “oncogenic HSP90 predicts for 
sensitivity to HSP90i; and (3) the abundance of total tumor 
HSP90 is not predictive of response to HSP90 inhibitors nor 
it correlates with the abundance of the “oncogenic HSP90 as 
measured by labeled PU-H71. 
(0270. The labeled HSP90 inhibitors of the present disclo 
sure can be used to determine if a patient will benefit from 
HSP90 inhibition therapy. In one embodiment, binding of the 
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labeled HSP90 inhibitor to the patient’s tumor cells can be 
compared with binding to control cells. Increased binding 
relative to the control indicates that the patient will be ame 
nable to HSP90 inhibition therapy. As shown in FIG. 19, 
responsive (>50% reduced viability) from non-responsive 
(<50% reduced viability) cells could be differentiated by a 
ratio of PU-H71-FITC2 binding to tumor cells and reference 
HL60 cells from about 2.7 to about 5.87 or above for respon 
sive cells compared to about 1.23 or about 2.07 or below for 
nonresponsive cells. It will be understood that these ratios for 
determining responsiveness to the HSP90 inhibitor will 
depend on the nature of the labeled HSP90 inhibitor and the 
reference specimen (i.e. HL60 cells, normal leukocytes, 
CD45+CD14- cells, or normal lymphocytes in the blood) 
and/or control derivative (i.e. PUFITC9 or FITC-TEG used to 
account for non-specific/background binding) used in the 
assay. 

0271. A more detailed description of the invention in 
labeling the oncogenic HSP90 in circulating tumor cells is 
given in section5.2.1.2.4. FIG.20 shows the use of PUFITC9 
as a PU derivative designed to have low to no binding to 
oncogenic HSP90, and thus to account for non-specific/back 
ground binding. It also shows the use of the patient’s leuko 
cytes (CD45+CD14- cells) as a reference cell (cells with low 
to no oncogenic HSP90). 
0272 Experiments in diffuse large B-cell lymphoma (DL 
BCL) cells also indicate that sensitivity of these cells to 
HSP90 inhibitors correlates with their uptake of labeled-PU 
H71 but not with the expression of total tumor HSP90 in the 
cell (FIG. 21). Specifically, OCI-Ly1 and OCI-Ly1 are two 
DLBCL cells highly sensitive to HSP90 inhibition (Cerchietti 
et al Nature Medicine 2009). They are both avid PU-H71 
binders. We treated these cells for an extended period of time 
with sub-therapeutic concentrations of HSP90 inhibitors and 
were able to select clones that exhibited 5 to 10-times lower 
sensitivity than the parental cells to several tested HSP90 
inhibitors, such as PU-H71, PU-DZ13 and 17DMAG (FIG. 
8). FIG. 21 shows that, while these clones express total tumor 
HSP90 levels similar to the parental Ly1 cells, they have 
lower "oncogenic HSP90' levels as measured by labeled 
PU-H71-uptake. The binding experiment was carried out in 
the presence and absence of PSC833 (2.5uM), a P-gP inhibi 
tor, to demonstrate that differential uptake was a result of 
distinct “oncogenic HSP90 levels and not an indirect mea 
Sure of drug pump-mediated efflux. 
0273 
0274 Pancreatic ductal adenocarcinoma (PDAC) is the 
fourth most common cause of cancer-related mortality in the 
United States. The five-year survival rate is the lowest among 
all cancers, with estimates ranging from 0.4 to 4 percent. In 
2009, an estimated 42,470 new cases of PDAC were diag 
nosed, and an estimated 35.240 patients died as a result of 
their disease. Because of the aggressiveness of this cancer, the 
inability to diagnose it early, and the current lack of outcome 
altering therapies, mortality rates from PDAC closely mirror 
incidence rates. The only potentially curative treatment for 
PDAC is Surgical resection. Because the disease is generally 
advanced at presentation, only 10 to 20% of patients are 
eligible for curative resection. In these patients who undergo 
pancreaticoduodenectomy, five-year Survival remains dis 
mal, approximately 20%. Development of effective chemo 
therapeutic agents to treat PDAC has been enormously chal 
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lenging. Traditional cytotoxic agents are largely ineffective at 
controlling tumor growth, improving quality of life and pro 
longing patient Survival. 
0275 To tolerate the complex load of aberrant pathways 
and molecules, PDACs become dependent for survival on 
molecular chaperones. The major chaperone, heat shock pro 
tein 90 (HSP90), assists and abets onco-proteins driving 
malignant processes in PDAC. Such as proliferation, Survival 
and metastasis, and allow for the development of a cancer 
phenotype. In addition, HSP90 helps cancer cells build resis 
tance to other therapies by increasing the apoptotic threshold. 
These comprehensive biological functions propose an impor 
tant role for anti-HSP90-targeted therapy in PDAC. Conse 
quently, these tumors are appropriate candidates for treatment 
with inhibitors of one of the major cancer chaperones, 
HSP90. 

0276 Identification of the abundance of tumor HSP90 
species required for pancreatic cancer Survival by means of 
HSP90 inhibitors, such as PU-H71 that preferentially bind the 
oncogenic HSP90 species, will serve as a tumor-specific 
biomarker for selection of patients likely to benefit from 
HSP90-therapy and to personalize therapeutic targeting of 
tumors. 

0277 Indeed, the sensitivity of pancreatic cell lines to 
HSP90 inhibitors correlates with tumor HSP90 species abun 
dance, as measured by cellular uptake of fluorescein labeled 
PU-H71 (PU-H71-FITC2) (FIG. 22). Cells that take up the 
highest amount of PU-H71-FITC2 are also those most sensi 
tive to the HSP90 inhibitors. 
0278 Similar to studies with blood cancers (Section 5.2. 
1.2.1.), the higher the relative binding of the labeled HSP90 
inhibitor (e.g. PU-H71-FITC2) in pancreatic cancer cells 
compared to reference derivative or reference cells (e.g., 
HL60 or normal cells), the more susceptible the pancreatic 
tumor or tumor cells will be to HSP90 inhibitor therapy (FIG. 
19). In some embodiments, a ratio of binding tumor cells to 
reference cells of about 2 or greater indicates that a pancreatic 
cancer patient will be susceptible to HSP90 inhibition 
therapy. In other embodiments, a ratio of binding pancreatic 
cancer tumor or tumor cells to reference cells of 2.5 or greater 
indicates that a cancer patient will be susceptible to HSP90 
inhibition therapy. In other embodiments, a ratio of binding 
pancreatic cancer tumor or tumor cells to reference cells of 3 
or greater indicates that a cancer patient will be susceptible to 
HSP90 inhibition therapy. 
0279 5.2.1.2.3. Cancer Stem Cells 
0280. The present disclosure provides methods of deter 
mining the amount of “oncogenic HSP90 in cancer stem 
cells (CSCs) relative to normal cells (e.g., lymphocytes) and 
thereby determining if CSCs are responsive to HSP90 inhibi 
tor therapy. Recent evidence Suggests that cancer stem cells 
(CSCs) are able to originate and maintain disease for a diverse 
type of cancers. Moreover, it has been shown that these cells 
are resistant to common chemotherapeutic agents and thus 
more likely to result in disease relapse or metastasis. There 
fore, it is critical to identify therapies that can ablate CSCs in 
order to obtain better therapeutic outcomes. Heat shock pro 
teins (HSPs) play an important surveillance role in protein 
synthesis, maintenance and degradation. In FIG. 23, we pro 
vide data in acute myeloid leukemia (AML) stem cells that 
shows that CSC populations are sensitive to HSP90 inhibition 
and that sensitivity correlates with the abundance of the onco 
genic tumor HSP90 species, as recognized by a labeled PU 
HT1. 
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(0281 FIG. 23A displays the ratio of binding of PU-FITC 
to leukemia stem cells (LSCs, CD34+CD38-CD45dim) and 
to lymphocytes. Primary AML samples were incubated with 
1 MPU-H71-FITC2 at 37° C. for 4 h. Cells were stained 
with CD34, CD38, CD45 and 7-AAD followed by flow 
cytometry analysis. FIG. 23B displays the percent viability of 
LSCs relative to the untreated control from three primary 
AML samples after 48 hour treatment with 1 uMPU-H71. 
Cells were stained with CD45, CD34 and CD38 prior to 
Annexin V and 7-AAD staining. Viability in LSCs was mea 
Sured by flow cytometry and determined as the percentage of 
AnnexinV-/7AAD- of the CD45dim CD34+CD38-gate. 
Notably, the cells with the higher binding to PU-H71-FITC2 
were most susceptible to treatment with the HSP90 inhibitor. 
0282. Similar to studies with blood cancers (Section 5.2. 
1.2.1.), the higher the relative binding of the fluorescently 
labeled HSP90 inhibitor (e.g. PU-H71-FITC2) in CSCs com 
pared to normal cells (e.g., lymphocytes) within the same 
patient, the more susceptible the CSCs will be to HSP90 
inhibitor therapy. In some embodiments, a ratio of binding 
CSCs to normal lymphocytes of 1.5 or greater indicates that a 
cancer patient will be susceptible to HSP90 inhibition 
therapy. In other embodiments, a ratio of binding CSCs to 
normal lymphocytes of 2 or greater indicates that a cancer 
patient will be susceptible to HSP90 inhibition therapy. 
(0283 5.2.1.2.4. Circulating Tumor Cells 
0284 Circulating tumor cells (CTCs) are cells that have 
detached from a primary tumor and circulate in the blood 
stream. CTCs may constitute seeds for Subsequent growth of 
additional tumors (metastasis) in different tissues. FIG. 20 
shows labeling of CTCs isolated from a patient with HER2+ 
metastatic breast cancer. The tumor cells isolated from her 
plasma bind around 84-fold more PUFITC than the leuko 
cytes (CD45+CD14- cells) also isolated from her plasma, 
indicating that these tumor cells have high levels of the onco 
genic HSP90 and that therapy with an HSP90 inhibitor would 
be effective at killing them. Indeed, twenty-four hours after 
this patient received a dose of 20 mg/m2 PU-H71, a 6-fold 
drop in the number of CTCs in the blood was measured. 
(0285 5.2.2. Radiolabeled Probes for Detecting Onco 
genic HSP90 
0286 The disclosure provides for using radiolabeled 
probes that are capable of detecting oncogenic HSP90 in 
cancer cells. Section 5.2.2.1 describes the various types of 
probes to be used in accordance with the present disclosure. 
Section 5.2.2.2 describes the use of such probes in prognostic 
and diagnostic assays. 

5.2.2.1. Radiolabeled Probes 

(0287 HSP90 inhibitors that can be labeled without chang 
ing the affinity, selectivity or biodistribution profile of the 
inhibitor are ideal probes for prognostic and/or diagnostic 
purposes. In one embodiment, the probe is an iodine 124 
radiolabeled versions of the HSP90 inhibitor. In another 
embodiment, the probe is an iodine 131 radiolabeled version 
of the HSP90 inhibitor. In another embodiment, the probe is 
an iodine 123 radiolabeled version of the HSP90 inhibitor. In 
another embodiment, the probe is an iodine 125 radiolabeled 
version of the HSP90 inhibitor. 
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0288. In one embodiment, the radiolabeled probe is a com 
pound of the following formula: 

NH (LA) 
2 X 

z1N “v 
2 y Y Xa 

X Z N k 
R X51 

(IB) 
NH X 

Z N Z3 

-N X- Y X 2 x- Syr Xe 
R Xb-Xd 

or a pharmaceutically acceptable salt thereof, wherein: 
0289 (a) each of Z, Z, and Z is independently CH or 
N: 

0290 (b)Y is CH, O, or S; 
0291 (c) Xa, Xb, Xc and Xd are independently selected 
from CH, CH, O, N, NB, S. carbonyl, fluoromethylene, 
and difluoromethylene selected so as to satisfy valence, 
wherein each bond to an X group is either a single bond 
or a double bond; 

0292 (d) X, is 125I, 12-I, 125I of 131I; 
0293 (e) X is hydrogen or halogen; and 
0294 (f) R is straight-chain- or branched-substituted or 
unsubstituted alkyl, straight-chain- or branched- Substi 
tuted or unsubstituted alkenyl, straight-chain- or 
branched-substituted or unsubstituted alkynyl, or sub 
stituted or unsubstituted cycloalkyl, wherein the R group 
is optionally interrupted by 

0295) - S(O)N(R)-, - NRS(O)-, -SON 
(R)— —NRSO. , —C(O)N(R)—, or —NRC 
(O)—, and/or the R group is optionally terminated by 
—S(O)NRR, - NRS(O)R. —SONRR, 
—NRSOR, C(O)NRR, or NRC(O)R. 
wherein each R and R is independently selected from 
hydrogen, C-C alkyl, C-C alkenyl, C-C alkynyl, 
cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, het 
eroaryl, alkylaryl, arylalkyl, alkylheteroaryl, heteroary 
lalkyl, and alkylheteroarylalkyl. 

0296. In another embodiment, the radiolabeled probe is a 
compound of the following formula: 

(LA) 
NH2 X 

Z Z1 N 3 X-y 2 s 
X Z N Xc 

R X51 
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-continued 
(IB) 

NH2 X2 

N Z3 

u X- Y X 
X4 a N Xe 

R Xb-Xd 

or a pharmaceutically acceptable salt thereof, wherein: 
0297 (a) each of Z, Z and Z is independently CH or 
N: 

0298 (b)Y is CH, O, or S; 
0299 (c) Xa, Xb, Xc and Xd are independently selected 
from CH, CH, O, N, NH. S. carbonyl, fluoromethylene, 
and difluoromethylene selected so as to satisfy valence, 
wherein each bond to an X group is either a single bond 
or a double bond; 

0300 (d) X is 12.I., 1*I, 125I, or II; 
0301 (e) X is hydrogen or halogen; and 

0302 (f) R is (CH), N-RRR or —(CH) - 
N-RoR, where m is 2 or 3 and where Ro-R2 are 
independently selected from hydrogen, methyl, ethyl, 
ethenyl, ethynyl, propyl, hydroxyalkyl, isopropyl, t-bu 
tyl, isobutyl, cyclopentyl, a 3-membered ring including 
the nitrogen or a 6-membered ring including the N and 
optionally an additional heteroatom with substituents to 
satisfy Valence, with the proviso that when all of Ro-R 
are present the compound further comprises a pharma 
ceutically acceptable counterion. 

0303. In another embodiment, the radiolabeled probe is a 
compound of the following formula: 

or a pharmaceutically acceptable salt thereof, wherein: 
0304 Y is CH, or S; 
0305 X is II or halogen 
(0306 X is 12 I, 12*I, 125 or II; and 
0307 R is —(CH2), N-RoRR or —(CH2) - 
N-RoR, where m is 2 or 3 and where Ro-R2 are 
independently selected from hydrogen, methyl, ethyl, 
ethenyl, ethynyl, propyl, hydroxyalkyl, isopropyl, t-bu 
tyl, isobutyl, cyclopentyl, a 3-membered ring including 
the nitrogen or a 6-membered ring including the N and 
optionally an additional heteroatom with substituents to 
satisfy Valence, with the proviso that when all of Ro-R 
are present the compound further comprises a pharma 
ceutically acceptable counterion. 
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0308. In one embodiment, the radiolabeled probe is a com 
pound of the following formula: 

NH2 X2 ( 

N1S-N ur-. X N N Y. - 
or a pharmaceutically acceptable salt thereof, wherein: 

I) 

(0309 Y is CH, or S; 
0310 X is H or halogen; 
0311 X, is I, II, II, or II; and 
0312 R is 2-ethanesulfonic acid isopropylamide, 
2-ethanesulfonic acid ethylamide, 2-ethanesulfonic acid 
methylamide, 2-ethanesulfonic acid amide, 2-ethane 
Sulfonic acid t-butylamide, 2-ethanesulfonic acid isobu 
tylamide, 2-ethanesulfonic acid cyclopropylamide, iso 
propanesulfonic acid 2-ethylamide, ethanesulfonic acid 
2-ethylamide, N-2 ethyl methanesulfonamide, 2-me 
thyl-propane-2-sulfonic acid 2-ethylamide, 2-methyl 
propane-2-sulfuric acid 2-ethylamide, 2-methyl-pro 
pane-1-sulfonic acid 2-ethylamide, 
cyclopropanesulfonic acid 2-ethylamide, 3-propane-1- 
Sulfonic acid isopropylamide, 3-propane-1-sulfonic 
acid ethylamide, 3-propane-1-sulfonic acid methyla 
mide, 3-propane-1-sulfonic acid amide, 3-propane-1- 
Sulfonic acid t-butylamide, 3-propane-1-sulfonic acid 
isobutylamide,3-propane-1-sulfonic acid cyclopropyla 
mide, propane-2-sulfonic acid 3-propylamide, ethane 
sulfonic acid 3-propylamide, N-3-propyl methane 
Sulfonamide, 2-methyl-propane-2-sulfonic acid 
3-propylamide, 2-methyl-propane-2-sulfinic acid 
3-propylamide, 2-methyl-propane-1-sulfonic acid 
3-propylamide, cyclopropanesulfonic acid 3-propyla 
mide, 3-N-isopropyl propionamide, 3-N-ethyl propi 
onamide, 3-N-methyl propionamide, 3-propionamide, 
3-N-t-butyl propionamide, 3-N-isobutyl propionamide, 
3-N-cyclopropyl propionamide, N-2-ethyl isobutyra 
mide, N-2-ethyl propionamide, N-2-ethyl acetamide, 
N-2-ethyl formamide, N-2-ethyl 2,2-dimethyl-propi 
onamide, N-2-ethyl 3-methylbutyramide, or cyclopro 
pane carboxylic acid 2-ethyl-amide. 

0313. In another embodiment, the radiolabeled probe is a 
compound of the following formula: 

NH2 X2 

N1S-N 
y Y Xa 

X- N N Y. s 
or a pharmaceutically acceptable salt thereof, wherein: 
one of Xa and Xb is O and the other is CH: 

Y is CH or S: 
0314 X is hydrogen or halogen; and 
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X is 12.I, 12*I, 125 or 131I; and 
0315 R is 2-ethanesulfonic acid isopropylamide, 
2-ethanesulfonic acid ethylamide, 2-ethanesulfonic acid 
methylamide, 2-ethanesulfonic acid amide, 2-ethanesulfonic 
acid t-butylamide, 2-ethanesulfonic acid isobutylamide, 
2-ethanesulfonic acid cyclopropylamide, isopropanesulfonic 
acid 2-ethylamide, ethanesulfonic acid 2-ethylamide, N-2 
ethyl methanesulfonamide, 2-methyl-propane-2-sulfonic 
acid 2-ethylamide, 2-methyl-propane-2-sulfinic acid 2-ethy 
lamide, 2-methyl-propane-1-sulfonic acid 2-ethylamide, 
cyclopropanesulfonic acid 2-ethylamide, 3-propane-1-sul 
fonic acid isopropylamide, 3-propane-1-sulfonic acid ethyla 
mide, 3-propane-1-sulfonic acid methylamide, 3-propane-1- 
Sulfonic acid amide, 3-propane-1-sulfonic acid t-butylamide, 
3-propane-1-sulfonic acid isobutylamide, 3-propane-1-sul 
fonic acid cyclopropylamide, propane-2-sulfonic acid 3-pro 
pylamide, ethanesulfonic acid 3-propylamide, N-3-propyl 
methanesulfonamide, 2-methyl-propane-2-sulfonic acid 
3-propylamide, 2-methyl-propane-2-sulfinic acid 3-propyla 
mide, 2-methyl-propane-1-sulfonic acid 3-propylamide, 
cyclopropanesulfonic acid 3-propylamide, 3-N-isopropyl 
propionamide, 3-N-ethyl propionamide, 3-N-methyl propi 
onamide, 3-propionamide, 3-N-t-butyl propionamide, 3-N- 
isobutyl propionamide, 3-N-cyclopropyl propionamide, N-2- 
ethyl isobutyramide, N-2-ethyl propionamide, N-2-ethyl 
acetamide, N-2-ethyl formamide, N-2-ethyl 2,2-dimethyl 
propionamide, N-2-ethyl 3-methylbutyramide, or cyclopro 
pane carboxylic acid 2-ethyl-amide. 
0316. In another embodiment, the radiolabeled probe is a 
compound of the following formula: 

NH2 X2 

N1S-N ury-) 
X4 N N -k 

R Xb 

or a pharmaceutically acceptable salt thereof, wherein: 
0317 Xa-Xc-Xb is CH, CH, CH, CH=CH 
CH, or CH=CH: 

0318 Y is CH, or S; 
0319 X is I, II, II, or II; and 

1S 2-ethaneSulfon1c ac1d 1Sopropylamide, 0320 R is 2-eth lfoni id isopropylamid 
2-ethanesulfonic acid ethylamide, 2-ethanesulfonic acid 
methylamide, 2-ethanesulfonic acid amide, 2-ethane 
Sulfonic acid t-butylamide, 2-ethanesulfonic acid isobu 
tylamide, 2-ethanesulfonic acid cyclopropylamide, iso 
propanesulfonic acid 2-ethylamide, ethanesulfonic acid 
2-ethylamide, N-2 ethyl methanesulfonamide, 2-me 
thyl-propane-2-sulfonic acid 2-ethylamide, 2-methyl 
propane-2-sulfinic acid 2-ethylamide, 2-methyl-pro 
pane-1-sulfonic acid 2-ethylamide, 
cyclopropanesulfonic acid 2-ethylamide, 3-propane-1- 
Sulfonic acid isopropylamide, 3-propane-1-sulfonic 
acid ethylamide, 3-propane-1-sulfonic acid methyla 
mide, 3-propane-1-sulfonic acid amide, 3-propane-1- 
Sulfonic acid t-butylamide, 3-propane-1-sulfonic acid 
isobutylamide,3-propane-1-sulfonic acid cyclopropyla 
mide, propane-2-sulfonic acid 3-propylamide, ethane 
sulfonic acid 3-propylamide, N-3-propyl methane 
Sulfonamide, 2-methyl-propane-2-sulfonic acid 
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3-propylamide, 2-methyl-propane-2-sulfinic acid 
3-propylamide, 2-methyl-propane-1-sulfonic acid 
3-propylamide, cyclopropanesulfonic acid 3-propyla 
mide, 3-N-isopropyl propionamide, 3-N-ethyl propi 
onamide, 3-N-methyl propionamide, 3-propionamide, 
3-N-t-butyl propionamide, 3-N-isobutyl propionamide, 
3-N-cyclopropyl propionamide, N-2-ethyl isobutyra 
mide, N-2-ethyl propionamide, N-2-ethyl acetamide, 
N-2-ethyl formamide, N-2-ethyl 2,2-dimethyl-propi 
onamide, N-2-ethyl 3-methylbutyramide, or cyclopro 
pane carboxylic acid 2-ethyl-amide. 

0321. In another embodiment, the radiolabeled probe is a 
compound of the following formula: 

N N N ly--( )- 
X 4. N h ) 

R O e 2 

or a pharmaceutically acceptable salt thereof, wherein: 
X is CH, CF, S, SO, SO, O, NH, or NR, wherein R is 
alkyl: 

X is 123 124 125 O 13 II. 2 s s s 

0322 X is hydrogen or halogen; 

Xs is O or CH, 
0323 R is 3-isopropylaminopropyl, 3-(isopropyl(methyl) 
amino)propyl, 3-(isopropyl(ethyl)amino)propyl, 3-((2-hy 
droxyethyl)(isopropyl)amino)propyl. 3-(methyl(prop-2- 
ynyl)amino)propyl, 3-(allyl(methyl)amino)propyl, 3-(ethyl 
(methyl)amino)propyl. 3-(cyclopropyl(propyl)amino) 
propyl, 3-(cyclohexyl(2-hydroxyethyl)amino)propyl, 3-(2- 
methylaziridin-1-yl)propyl, 3-(piperidin-1-yl)propy 3-(4-(2- 
hydroxyethyl)piperazin-1-yl)propyl, 3-morpholinopropyl. 
3-(trimethylammonio)propyl. 2-(isopropylamino)ethyl, 
2-(isobutylamino)ethyl, 2-(neopentylamino)ethyl, 2-(cyclo 
propylmethylamino)ethyl, 2-(ethyl(methyl)amino)ethyl, 
2-(isobutyl(methyl)amino)ethyl, or 2-(methyl(prop-2-ynyl) 
amino)ethyl; and 
n is 1 or 2. 
0324. In another embodiment, the radiolabeled probe is 
selected from a compound having the following formulas: 

NH2 124 O 

N X Sry DOC 
NH 

Oct. 2, 2014 
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-continued 

NH 

NH2 124 

N1S-N O 
Y-s > se O 
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-continued -continued 

NH2 13 II NH2 13 II 

Sl-N O N DOC) by OC Cy-s-s 
% O 4NN 

NH 
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-continued -continued 
NH2 13 II NH2 13 II O 

N1S-N N1S-N DOC D 
l )—s l X-s O 

4. O 4NN 

NH 
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-continued 0325 In another embodiment, the radiolabeled probe is 
NH2 13 II selected from a compound having the following formulas: 

N1S-N O 

l )—s ) NH2 124 O 2NN N O N1S-N DOC X Ly-r H 2 2 
F N N 

S. 
NH 
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-continued -continued 

NH2 124 O-( 

0326 Instill another embodiment, the radiolabeled probe 
is selected from a compound having the following formulas: 
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-continued -continued 

NH2 13 II NH2 

N N s CO y l 2N/ ". l 2N/ ". O F N 
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-continued 
13 II NH2 

N1,N-N DOC) u) X- O 

N 

- 
0327. In still another embodiment, the radiolabeled probe 

is selected from a compound having the following formulas: 

NH2 124 O 

S-COO N Y-g O 
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-continued 

NH2 124 

O N 
N N N ly 2 2 

F N 

NH 














































































































