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to PI3K inhibition. Although the design of
this phase 1 study did not permit any ﬁrm
conclusions regarding efﬁcacy, these investigators did demonstrate an increase in
response with the combination of the
JAK1 inhibitor and the PI3K d inhibitor in
patients with classical Hodgkin lymphoma.
In this histology, the overall response rate of
67% was seen with combination compared
with 27% with single-agent INCB040093.
Further study will be needed to conﬁrm
this observation; unfortunately, the activity
was not as robust in histologies other than
Hodgkin lymphoma.
One principle in developing combination
therapies for cancer is to combine drugs
that have minimal overlapping toxicities.
However, even when the single-agent
proﬁles suggest that 2 medications can
be combined, there are sometimes unforeseen toxicities. An example of this is
the combination of a syc inhibitor with
idelalisib. This combination produced a
signiﬁcant increase in pneumonitis, rendering the combination unviable.5 However, in the study by Phillips et al, the
opposite was seen. The combination of
itacitinib with INCB040093 appears to
decrease the hepatotoxicity seen with
single-agent INCB040093. The authors
hypothesize that the anti-inﬂammatory
effect of the JAK1 inhibitor prevented
the increase in aminotransferases commonly seen with PI3K d inhibitors. This
approach is intriguing. Using a second
agent to not only increase the efﬁcacy of
PI3K inhibitors, but also decrease the
toxicity is important and might ultimately
broaden their role in the treatment
of patients with B-cell malignancies. Interestingly, similar ﬁndings were recently
reported with a combination of duvelisib,
a dual inhibitor of PI3K d and ϒ, and
romidepsin in patients with T-cell malignancies.6 The combination improved the
response rate decreased liver toxicities.
There are of course other potential explanations for the ﬁndings of Phillips et al.
The rate of liver function abnormalities
with PI3K d inhibitors appears to vary
with the number and type of prior therapies as well as the histology. The number
of patients treated in this phase 1 study
was relatively small, and this ﬁnding
will require further study. It is also not clear
whether the addition of the JAK 1 inhibitor
will prevent some of the late complications of PI3K d inhibition, such as colitis.
However, it is clear that this combination
is immunosuppressive. Five patients developed Pneumocystis pneumonia before

mandatory prophylaxis was instituted. Although Pneumocystis pneumonia is largely
preventable with prophylaxis, it does raise
the concern that other opportunistic infections might occur.
The PI3K play an important role in both
low grade and aggressive B-cell malignancies. However, their use has been
limited by some of their associated adverse events. Finding ways to improve
their tolerability and efﬁcacy are important. Combining PI3K inhibitors with other
therapies may be one such approach to
increase efﬁcacy and decrease toxicity,
the Holy Grail of drug development.
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Comment on Bhatia et al, page 307

HSP90 inhibition without
heat shock response
John C. Byrd | The Ohio State University
In this issue of Blood, Bhatia and colleagues describe a heat shock protein 90
(HSP90) C-terminal dimerization inhibitor with mechanistic differences that
distinguish it from other clinically unsuccessful N-terminal ATPase binding
compounds.1 Can graveyard raiding of an old therapeutic target with a new
strategy bring long awaited success?
Developing targeted therapeutics for
cancer is quite complicated because
multiple redundant mechanisms bypass
that particular agent’s target of action. In
addition, many therapeutic targets relevant to cancer also have normal functions
that prevent targeting with small molecules. No such target more represents
this dilemma than HSP90. HSP90 represented a promising target because multiple mutated or aberrantly expressed
oncogenes depend on HSP90 for protein

stabilization. Based on structural variations
induced by their activating mutation, there
was a rush to develop agents that inhibited
HSP90, which should cause destabilization
of oncogene-induced proteins. Such drugs
would be hypothesized to have a dramatic clinical beneﬁt, even in the presence
of mutated oncogene proteins not responsive to standard kinase inhibitors.
In addition, as many mutated proteins
depend more on HSP90 for stabilization
and tumors have been reported to have
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more active HSP90 ATPase activity,2 multiple animal studies demonstrated that a
signiﬁcant therapeutic window existed
between the mutated proteins and the
normal homolog proteins, thereby yielding
an acceptable therapeutic index.3 Unfortunately, clinical trials of multiple
different HSP90 inhibitors were unsuccessful due to both lack of clinical efﬁcacy and toxicity. Some of these toxicities,
including night blindness4,5 and cardiac
toxicity,6,7 are unacceptable ﬁndings, which
ultimately have prevented therapeutics
from moving forward. How can such a
promising target so utterly fail?
Bhatia and colleagues provide insight
on why previous HSP90 inhibitors have
failed, and based on this insight, developed a peptide inhibitor that prevents
dimerization of the C-terminal portion of
HSP90. Virtually all HSP90 inhibitors developed to date bind in the ATP binding
site in the N-terminal domain of HSP90
protein. Although inhibiting HSP90, this
yielded an HS1 transcriptional response,
which activated alterative heat shock
proteins (HSP70, HSP40, or HSP27) with
either redundant or compensatory antiapoptotic function, thereby maintaining
the stability of mutated proteins and/or
preventing cell death. Utilizing a different
strategy, Bhatia and colleagues used
structural combinatorial monitoring to develop small peptides, which prevent dimerization of HSP90 protein in the C-terminal
region of the protein. This novel approach
with their peptide compound aminoxyrone did not promote an HS1 transcriptional response and resistance to cancer
cell death, as seen with earlier compounds
explored by others. The authors show also
that aminoxyrone is effective in preclinical
models of chronic myeloid leukemia (CML)
similar to N-terminal–directed HSP90
inhibitors.8,9 Unlike these older agents,
aminoxyrone does not promote an HS1
response. Aminoxyrone also effectively
depleted BCR-ABL–containing CML stem
cells, the cellular origin of this disease
that requires long-term treatment with
BCR-ABL–targeted therapeutics such as
imatinib. For a well-characterized oncogene-
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driven disease, this aminoxyrone was effective in vitro. In addition, aminoxyrone
was shown to have in vivo activity in a K562
cell line model with evidence of tumor
pharmacodynamic modulation of STAT5a
and Crkl phosphorylation without modulation of other HS1 targets. Supporting
data are also provided from primary
tumor cells derived from tumors with
other mutated oncogenes, including
FLT3 ITD1 acute myeloid leukemia and
Philadelphia chromosome–like acute
lymphoblastic leukemia. In addition,
preclinical activity was also shown with
chronic lymphocytic leukemia, a disease
consistently demonstrated to be sensitive in vitro to HSP90 inhibition.10
Where does aminoxyrone as a therapeutic go from here? Although in vivo
activity was demonstrated against the
K562 cell line in vivo, it is unlikely that
the supramolar concentrations required
will allow effective translation to clinical
trials in patients. Peptide therapeutics are
challenging to develop due to production
issues, cellular penetration, and delivery.
Even if aminoxyrone cannot be translated to
the clinic, this study shows that derivative
molecules that bind to the C-terminal region
of HSP90 and prevent dimerization may
have a favorable clinical impact on cancers
dependent on HSP90 client proteins,
which often represents an active oncogene. Provided preclinical toxicity, pharmacology, and pharmacodynamic studies
of these compounds look favorable, it will
lie upon the pharmaceutical developers
to move forward with the initial phase 1
trials despite multiple negative HSP90
inhibitor trials published to date. The concept presented in this paper differentiating aminoxyrone as a HSP90 C-terminal
dimerization inhibitor justiﬁes this and gives
hope that a long described therapeutic
target for cancer might actually come to
fruition.
Conﬂict-of-interest disclosure: The author
declares no competing ﬁnancial interests. n

blood® 19 JULY 2018 | VOLUME 132, NUMBER 3

REFERENCES
1. Bhatia S, Diedrich D, Frieg B, et al. Targeting
HSP90 dimerization via the C terminus
is effective in imatinib-resistant CML and
lacks the heat shock response. Blood. 2018;
132(3):307-320.
2. Kamal A, Thao L, Sensintaffar J, et al. A highafﬁnity conformation of Hsp90 confers tumour
selectivity on Hsp90 inhibitors. Nature. 2003;
425(6956):407-410.
3. Plescia J, Salz W, Xia F, et al. Rational design of
shepherdin, a novel anticancer agent. Cancer
Cell. 2005;7(5):457-468.
4. Johnson ML, Yu HA, Hart EM, et al. Phase I/II
Study of HSP90 inhibitor AUY922 and erlotinib
for EGFR-mutant lung cancer with acquired
resistance to epidermal growth factor receptor
tyrosine kinase inhibitors. J Clin Oncol. 2015;
33(15):1666-1673.
5. Infante JR, Weiss GJ, Jones S, et al. Phase I
dose-escalation studies of SNX-5422, an
orally bioavailable heat shock protein
90 inhibitor, in patients with refractory
solid tumours. Eur J Cancer. 2014;50(17):
2897-2904.
6. Lancet JE, Gojo I, Burton M, et al. Phase I
study of the heat shock protein 90 inhibitor alvespimycin (KOS-1022, 17-DMAG)
administered intravenously twice weekly
to patients with acute myeloid leukemia.
Leukemia. 2010;24(4):699-705.
7. Walker AR, Klisovic R, Johnston JS, et al.
Pharmacokinetics and dose escalation
of the heat shock protein inhibitor
17-allyamino-17-demethoxygeldanamycin
in combination with bortezomib in
relapsed or refractory acute myeloid
leukemia. Leuk Lymphoma. 2013;54(9):
1996-2002.
8. Peng C, Brain J, Hu Y, et al. Inhibition of heat
shock protein 90 prolongs survival of mice with
BCR-ABL-T315I–induced leukemia and suppresses leukemic stem cells. Blood. 2007;
110(2):678-685.
9. Shiotsu Y, Neckers LM, Wortman I, et al.
Novel oxime derivatives of radicicol induce
erythroid differentiation associated with
preferential G1 phase accumulation against
chronic myelogenous leukemia cells
through destabilization of Bcr-Abl with
Hsp90 complex. Blood. 2000;96(6):
2284-2291.
10. Hertlein E, Wagner AJ, Jones J, et al.
17-DMAG targets the nuclear factor-kB
family of proteins to induce apoptosis in
chronic lymphocytic leukemia: clinical
implications of HSP90 inhibition. Blood.
2010;116(1):45-53.

DOI 10.1182/blood-2018-05-850271
© 2018 by The American Society of Hematology

From www.bloodjournal.org by guest on July 19, 2018. For personal use only.

2018 132: 241-242
doi:10.1182/blood-2018-05-850271

HSP90 inhibition without heat shock response
John C. Byrd

Updated information and services can be found at:
http://www.bloodjournal.org/content/132/3/241.full.html
Articles on similar topics can be found in the following Blood collections
Free Research Articles (5077 articles)
Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society
of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.

