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Changes in Bcl-2 Family Protein
Profile During Idelalisib Therapy
Mimic Those During Duvelisib
Therapy in Chronic Lymphocytic
Leukemia Lymphocytes

TO THE EDITOR:

The B-cell antigen receptor (BCR) pathway seems
to be critical in normal and malignant B cells
such as chronic lymphocytic leukemia (CLL). Phos-
phatidylinositol3-kinase (PI3K), specificallyPI3Kd/
g, constitute pivotal nodes in the BCR axis. The
selective expression of PI3Kd/g in hematopoietic
cells provided an impetus to create isoform-specific
inhibitors to target this key kinase. Although several
inhibitors have been created, duvelisib and idelalisib
have moved far in the clinic1; in fact, the latter in
combinationwith rituximab is anapprovedagent for
treatment of relapsed/refractory CLL.2,3 Duvelisib
targets the d- and g-isoforms, whereas idelalisib
inhibits only the d-isoform.1 Hence, we hypothe-
sized that these inhibitorsmayhave similar effects in
downstream target proteins. Studies in the BCR
pathway have demonstrated the impact of this nexus
on CLL cell survival.4,5

In a recent study that used various platforms, we
demonstrated significant changes in transcript
and protein levels of Bcl-2 family members after
treatment with duvelisib.6 Of the four antiapo-
ptotic proteins, Bcl-2 protein was increased sig-
nificantly in reverse phase protein array (RPPA;
n5 16; P5 .001) and immunoblot (median, 1.7-
fold change; P 5 .034) assays. Among antiapop-
totic proteins, Bcl-xL was not changed, whereas
Bcl-2-A1 and Mcl-1 were slightly, but signifi-
cantly decreased. Of BH3-only members, both
Bim and Puma levels were increased. These ob-
servations were in circulating cells after duvelisib
therapy (ie, after peripheral blood lymphocyto-
sis).6 Idelalisib showed a similar phenomenon
during phase I, single-agent investigations.7 To

test our hypothesis, we evaluated these CLL lym-
phocytes from the peripheral blood before and
after idelalisib treatment.

Fifteen samples from five patients were assessed
(Table 1). All these patients with CLL were pre-
viously untreated and enrolled in a Dana-Farber
Cancer Institute clinical trial of upfront idelalisib
for 2 months followed by the addition of ofatu-
mumab. All received idelalisib 150 mg twice per
day as a single agent during the time these samples
were collected.

RPPA assays were performed from these samples
to determine the protein expression of the Bcl-2
family. The Bcl-2 family proteins are Mcl-1, Bcl-
xL, Bcl-2, and Bcl-2-A1 among the antiapoptotic
members; Bax and Bak (multidomain proapopto-
ticmembers); andBim,Bid, Puma, andBad.pS155
among the BH3-only members. Close to 300
proteins were included in the RPPA assay, which
included 10 members (blue symbols) of the Bcl-2
family (Figs1Aand1B).The treatmentdurationat
the timeofmeasurement varied, starting as early as
15 days and as late as cycle 3 day 1 (ie, 56 days). A
volcano plot demonstrates that 40 proteins after
15 or 28 days (post-treatment t1; Fig 1A) and 35
proteins after two cycles (56 days) of idelalisib
(post-treatment t2; Fig 1B) were significantly
modulated. Among the 10 Bcl-2 family proteins,
Bcl-2 and Bim were modulated at a significant
level (P5 .006andP5 .01, respectively) after15 to
28 days of therapy. After 56 days, Bcl-2, Bim, and
Mcl-1 were themost significantlymodulated pro-
teins (P5 .008,P5 .01, andP5 .05, respectively).
Two-wayhierarchical clusteringandaheatmapof
fold changes inBcl-2 family proteins demonstrated
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upregulation and downregulation of Bcl-2 family
proteins. Among the four evaluated antiapoptotic
proteins, Bcl-2 was consistently increased in all
patient samples at every time point (Fig 1C).
Bcl-2-A1 and Bcl-xL generally decreased but
varied. Mcl-1 significantly decreased after two
cycles of idelalisib (P 5 .04; Fig 1C). Among
multidomain proapoptotic proteins, Bax was de-
creased, but Bak generally remained at a similar
level. Among proapoptotic BH3-only domain
proteins, Bid remained the same, but Bim was

consistently increased at both evaluation times
(P5 .01; Fig 1C). Except for one patient sample,
Puma levels also increased but not to a significant
level (P 5 .07 and .08).

Prior investigations have demonstrated that
agents that target Bcl-2 (navitoclax9 and veneto-
clax10) generally show effectiveness as a result of
inherently high Bcl-2 protein levels in CLL
cells. In contrast, levels of Mcl-1 protein were
correlated with resistance to these agents. Among
BH3-only proteins, Bim was positively correlated
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Fig 1. Impact of
idelalisib therapy on
proteins with a focus on
Bcl-2 family proteins in
circulating chronic
lymphocytic leukemia
(CLL) cells. Primary CLL
cells from five patients were
isolated fresh from
peripheral blood samples
before treatment (baseline,
designated as d0 [day0]) and
d15 (t1) or d28 (t1) and
d56 (t2) after the start of oral
idelalisib 150 mg twice per
day.CLL cells were isolated
by using standard Ficoll-
hypaque technique from
peripheral blood and were
stored in liquid nitrogen at
Dana-Farber Cancer
Institute. Reverse phase
protein array was done after
lysis of cells at MD
Anderson Cancer Center.
The assay contained 300
proteins.8 Lysates were
diluted and samples probed
with antibodies and
visualized by colorimetric
reaction. Slides were
scannedona flatbed scanner
to produce tag image file
format images, and density
was quantitated. Relative
protein levels for each
sample were determined by
interpolation of each
dilution curve from the
standard curve of the slide.
All data were normalized
to protein loading and
transformed to a linear
value. (A) Volcano plot of
the fold change of protein
and statistical significance
between pretreatment and
post-treatment t1 (d15 and
d28 after start of idelalisib
therapy). Each symbol
represents a protein. The
proteins with P , .05 are
shown in gray. The Bcl-2
family members are shown
in blue. (B) Volcano plot of
the fold change of protein
and statistical significance
between pretreatment and
post-treatment t2 (ie, d56
after start of idelalisib
treatment). (C) Two-way
hierarchical clustering and
heat map of fold changes
between pretreatment and
post-treatment samples for
10 Bcl-2 family member
proteins. Pt, patient.
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with Bcl-2 antagonist-induced apoptosis. Hence,
we evaluated additional changes in these three
important proteins. As shown in Figs 2A to 2C,
Bcl-2, Mcl-1, and Bim levels were modulated in
every sample, which were similar to those ob-
tained with duvelisib.6

In general, these data suggest that BCR pathway
inhibition leads to high Bcl-2 and Bim protein
levels and a decline inMcl-1 protein levels inCLL

cells, which was also previously reported with
ibrutinib therapy.11 Given that the BCR axis in-
hibitors do not induce overt apoptosis of CLL
cells, strategies to combine venetoclax with idela-
lisib, duvelisib, or ibrutinib should result in apo-
ptosis and removal of CLL cells from peripheral
blood. Such trials currently are being pursued.

DOI: https://doi.org/10.1200/PO.17.00025
Published online on ascopubs.org/journal/po on June 28, 2017.
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Fig 2. Idelalisib therapy results in an increase in Bcl-2 and Bim and a decrease inMcl-1 protein. Bar graph of three proteins that show significant changes.
Primary chronic lymphocytic leukemia cells from patients were isolated fresh from peripheral blood before and after therapy and subjected to reverse phase
protein array analysis as described in Figure 1. All readouts are normalizedwith respect to pretreatmentmeasurements. (A)Changes in the level of Bcl-2 protein
after idelalisib therapy (t1515or28days and t2556days after treatment).P5 .06and .08 for the twoevaluation times. (B)Changes in theexpressionlevelofBim
protein after idelalisib therapy.P5 .01and .02 for t1 and t2, respectively. (C)Changes in theexpression level ofMcl-1 protein after idelalisib therapy.P5 .08 and
.05 for t1 and t2, respectively.
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