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Abstract

Previously, we showed that inhibition of the protein kinase C B (PKCB)/AKT pathway augments
engagement of the histone deacetylase inhibitor (HDI)-induced apoptosis in lymphoma cells. In
the present study, we investigated the cytotoxicity and mechanisms of cell death induced by the
delta isoform-specific phosphatidylinositide 3-kinase (PI3K) inhibitor, GS-1101, in combination
with the HDI, panobinostat (LBH589) and suberoylanilide hydroxamic acid (SAHA). Lymphoma
cell lines and primary Non-Hodgkin Lymphoma (NHL) and chronic lymphocytic leukaemia
(CLL) cells were simultaneously treated with the HDI, LBH589 and GS-1101. An interaction of
the LBH589/GS-1101 combination was formally examined by using various concentrations of
LBH589 and GS-1101. Combined treatment resulted in a synergistic inhibition of proliferation
and showed synergistic effect on apoptotic induction in all tested cell lines and primary NHL and
CLL cells. This study indicates that interference with PI3K signalling dramatically increases HDI-
mediated apoptosis in malignant haematopoietic cells, possibly through both AKT-dependent or
AKT- independent mechanisms. Moreover, the increase in HDI-related apoptosis observed in
PI3K inhibitor-treated cells appears to be related to the disruption of the extracellular signal-
regulated kinase (ERK) signalling pathway. This study provides a strong rational for testing the
combination of PI3K inhibitors and HDI in the clinic.
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Introduction

Methods

The incidence of non-Hodgkin lymphoma (NHL) has nearly doubled in the last four decades
with an annual increase of 4% (Jemal eral, 2008). B-cell lymphomas account for 85% of
NHLs in Western countries. While advances in therapy have been realized, such as
development of rituximab, low grade lymphomas remain largely incurable and aggressive
B-cell lymphomas, such as high risk diffuse large B-cell lymphoma (DLBCL) have 5-year
survivals of less than 50%. Thus, better therapies are needed.

Phosphatidylinositol 3-kinases (PI3K) are enzymes that transduce signals from cell surface
receptors to effector molecules containing pleckstrin homology domains, such as BTK, or
AKT (So & Fruman, 2012). Four isoforms (PI3K7agr;, PI3Kp, PI13Ky, and PI3KJ)
(Vanhaesebroeck etal, 2010) have been identified that regulate a variety of cellular
functions through the production of phosphatidylinositol (3,4,5)-triphosphate (PIP3).
Recently, clinical studies using the specific PI3K3d inhibitor, GS-1101, as a single agent have
shown durable remissions in a significant percentage of patients with chronic lymphocytic
leukaemia (CLL), indolent NHL, or mantle cell lymphoma (MCL) (Fruman & Rommel,
2011; So & Fruman, 2012).

Previously, we showed that by disrupting multiple compensatory cytoprotective pathways,
protein kinase C (PKC) inhibitors in combination with histone deacetylase (HDAC)
inhibitors (HDI) might have potential therapeutic value in lymphoma treatment (Bodo et &/,
2011). HDI represent an emerging class of therapeutic agents that induce tumour cell cycle
arrest and apoptosis in various haematological malignancies (Chen etal, 2009; Glaser,
2007). The lack of selectivity of the currently available HDI (panobinostat [LBH589] and
suberoylanilide hydroxamic acid [SAHA] are pan-HDI) results in modulating the acetylation
status of a wide range of protein targets that leads to a therapeutic response, but also to
undesired toxic effects, including haematological, gastrointestinal and cardiac toxicity
(Haberland et a/, 2009). SAHA monotherapy is approved by the Food and Drug
Administration (FDA) for the treatment of cutaneous T-cell lymphoma, however it has not
been demonstrated to have meaningful single agent activity in B-cell NHL patients (Crump
et al, 2008). Therefore, future HDI-based therapies will probably be designed based on
combination therapies with other agents with synergistic effects. Moreover, such an
approach may overcome emerging resistance to targeted anti-cancer agents.

In this study we expand our previous work by investigating the antiproliferative and
proapoptotic activity of the combination of PI3K inhibitors (P13Ki) with HDI in a panel of
B-cell lymphoma lines and primary lymphoma and leukaemia cells.

Materials, cell lines and treatment

All antibodies, except anti-PI13Kd (Santa Cruz Biotechnology, Santa Cruz, CA) were
obtained from Cell Signaling Technology (Danvers, MA). SU-DHL-6, SU-DHL-16, OCI-
LY-19 cell lines were purchased from Deutsche Sammlung von Mikroorganismen und
Zellkulturen (DSMZ, Braunschweig, Germany). OCI-LY-3 and OCI-LY-10 cell lines were
kindly provided by Dr. Lossos (University of Miami, Miami, FL). Ramos and Raji cell lines
were purchased from American Type Culture Collection (ATCC, Manassas, VA). GS-1101
was obtained from Gilead Sciences (Foster City, CA). BKM120 and LBH589 were provided
by Novartis Pharmaceuticals Inc. (Cambridge, MA). SAHA was purchased from Cayman
chemicals (Ann Arbor, MlI).
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Primary cells were obtained from peripheral blood of patients. Informed consent was
obtained according to protocols approved by the Institutional Review Board of the
Cleveland Clinic. Isolated primary cells were resuspended to 2.0 x 10%/ml in RPMI 1640
medium containing 20% fetal bovine serum. Isolated primary CLL cells consisted of 85—
97% malignant B-CLL cells.

Cytotoxicity assay

Effect of drugs on cell survival was assessed with the water-soluble tetrazolium salt
(WST)-1 assay. Cells were treated simultaneously with five serial dilutions of drugs for 48
H. Thereafter, the cells were incubated with WST-1 according to manufacturer’s instructions
(Catalog No. 05015944001, Roche, Indianapolis, IN). Each dose was tested in triplicate;
dose-effect and combination index curves were constructed using CalcuSyn software
(Biosoft, Cambridge, UK).

Cell cycle analysis and apoptosis

Cell cycle phases and the percentage of subdiploid population were determined by
propidium iodide flow cytometry staining. The cells were permeabilized with a solution of
0.05% Triton X-100 (Sigma-Aldrich, St. Louis, MO)/PBS with RNAase A (100 pg/ml)
(Fisher-Scientific, Pittsburgh, PA) and stained with propidium iodide (50 pg/ml) (Sigma-
Aldrich). Additionally, the percentage of subdiploid cells was correlated with Annexin V-
phycoerythrin (PE)/7-AAD staining. The cells were stained with Annexin V-PE/7-
aminoactinomycin D (7-AAD) according to the manufacturer’s instructions (BD
Biosciences, San Jose, California).

Western blot analysis

Cells were harvested after treatment for 24 h and whole-cell protein extracts were prepared
by incubating the cells in lysis buffer (R&D Systems, Minneapolis, MN) on ice for 30 min.
Each lane of a 4-15% Ready Tris-HCI gel (Bio-Rad, Hercules, CA) was loaded with 20-30
ug of protein. After electrotransfer, blots were blocked with 5% milk/Tris-buffered saline-
Tween 20 (TBS-T), incubated with the recommended dilutions of indicated antibodies
overnight at 4 °C and then incubated with horseradish peroxidase-conjugated anti-rabbit- or
anti-mouse-secondary antibody for 1 h at room temperature.

siRNA transfection

SUDHL-6 and SUDHL-16 cells were transfected with control-GFP or AKT1/2 siRNA
(Santa Cruz Biotechnologies, Santa Cruz, CA, USA)’ using the Amaxa Nucleofector Kit V
(Lonza, Walkersville, MD) according to the manufacturer’s protocol.

Statistical Analysis

Results

For all results, values represent the mean from at least three independent experiments, with
the exception of the experiments with primary cells where values derive from one analysis
only. The interaction between drugs was examined according to the Chou and Talalay
method (Chou & Talalay, 1984) by using the Calcusyn software (Biosoft). Combination
index (CI) values served to determine the combined effect as synergistic (<1), additive (=1),
or antagonistic (>1).

Characterization of sensitivity of B-cell lymphoma cell lines to GS-1101

DLBCL and Burkitt lymphoma cell lines were treated with different concentrations of
GS-1101 for 48 h. Dose-response curves are shown in Figure 1A. A wide diversity of cell
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responses to the GS-1101 treatment was observed. For example, the DLBCL cell line, SU-
DHL-6, exhibited a 50% inhibitory concentration (ICsg) of 0.2 uM, whereas the other tested
DLBCL cell lines needed a GS-1101 concentration higher than 10 uM to induce 50%
growth inhibition. The most resistant were Burkitt lymphoma cell lines, which did not
respond to the GS-1101 treatment in tested concentration range at all.

To investigate signalling pathways that may have an impact on GS-1101 treatment, three
cell models (SU-DHL-6 as the most sensitive cell line, SU-DHL-16 with moderate
sensitivity, and Raji, the most resistant cell line) were selected for Western blot analysis
(Figure 1B, C). The analysis revealed high levels of phosphorylated AKT in untreated SU-
DHL-16 cells, significantly lower levels in SU-DHL-6 cells and finally no detectable
expression in Raji cells. In addition to the high level of phosphorylated (p-)AKT protein in
SU-DHL-16 cells, a reduced level of PTEN protein was observed. This is in concordance
with recent work showing that AKT is constitutively phosphorylated in SU-DHL-16 cells
probably due to an aberrant overexpression of MIR155 that activates PI3K-AKT signalling
by down-regulation of its suppressors (e.g. PTEN) (Huang ef al, 2012). Furthermore, SU-
DHL-16 cells were almost negative for a phosphorylated-ERK in comparison to relative
high levels in Raji and SU-DHL-6 cells. These results showed that neither p-AKT or p-ERK
can be used as a predictive marker for GS-1101 treatment. The absence of negative
regulation of the AKT activity in SU-DHL-16 cells and low level of ERK protein might
contribute to the higher resistance to GS-1101 treatment. In contrast, a relative loss of AKT
activity in Raji cells may explain its lack of sensitivity to the GS-1101 treatment.

GS-1101 synergistically potentiates LBH589 induced proliferation inhibition in DLBCL cell
lines and primary cells

It is known that HDI can inhibit cytoprotective signalling pathways, including those related
to AKT (Rahmani et a/, 2003a; Rahmani et a/, 2003b). To enhance the effect of GS-1101 in
SU-DHL-16 cells, cells were simultaneously treated with the HDI, LBH589. The ICgq for
LBH589 single treatment was 5.8 nM in SU-DHL-6 and 2.7 nM in SU-DHL-16 cells. To
formally examine an interaction of the LBH589/GS-1101 combination, the cells were
treated with varying concentrations of LBH589 and GS-1101 at fixed ratio. SU-DHL-6 cells
were treated with 0.25-6.25 nM of LBH589 and 0.01-0.25 yM of GS-1101. SU-DHL-16
cells were treated with similar concentrations (0.25-5 nM) of LBH589, but with
significantly higher concentrations (0.5-10 uM) of GS-1101. Eventually, fractional effect-
Cl curves were constructed (Figure 2A). These curves were created according to the Chou-
Talalay method. The analysis of combined effects revealed highly synergistic interactions in
both cell lines.

Further experiments with variable concentration ratio showed that this combination provides
very strong synergistic effect with Cls < 0.5 in tested cell lines and moderate synergistic
effect with Cls < 0.9 in all tested B-NHL primary samples (Figure 2B).

Additionally, a cytotoxicity test, which analysed the difference between sequential and
simultaneous treatment, showed no significant difference if the cells were pretreated with
GS-1101 or LBH589 or simultaneously exposed to both agents (data not shown).

GS-1101/LBH589 combination induces caspase-dependent apoptosis and represents class
interaction between HDI and PI3Ki

Cell cycle analysis (Figure 3A) showed that both GS-1101 and LBH589 induce Gy/G1 arrest
and a significant increase (0<0.05) in percentage of sub-Gg/G1 cells, corresponding to
subdiploid DNA content in both SU-DHL-6/16 cell lines (Figure 3B). An experiment with
synchronized SU-DHL-6 cells treated simultaneously with GS-1101 and LBH589 further
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confirmed that the cells undergo apoptosis after they enter G, phase (data not shown). The
co-treatment of SU-DHL- 6 cells with 0.1 uM GS-1101 and 5 nM LBH589 induced a 47%
increase in subdiploid population compared to the untreated sample, while GS-1101 alone
showed little effect and LBH589 induced only a 9% increase in the sub-Gg/G1 cell
population. Likewise, in SU-DHL-16 cells, 10 yM GS-1101 and 5 nM LBH589 co-
treatment induced a 48% increase in the subdiploid population compared to the untreated
sample. GS-1101 single treatment induced a 2% increase and LBH589 induced a 14%
increase in the sub-Gg/G cell population. Similar results were obtained using an Annexin
V/7-AAD assay (Figure 3C), confirming that sub-Gy/G increase is due to the induction of
apoptosis. Moreover, when the cells were pretreated with Caspase inhibitor 1, a significant
decrease in the sub-Gy/G4 cell population was observed (data not shown).

Moreover, Western blot analysis showed that GS-1101 in combination with LBH589
induced cleavage of PARP, caspase-3 and -7, whereas single treatment had only a minimal
effect on the cleavage of these proteins (Figure 3D).

To verify whether the synergism was due to a class interaction between HDI and PI3Ki or a
drug-specific interaction, additional agents were tested (Figure 3E). Substituting the
GS-1101 with the pan-PI3Ki, BKM120, similarly enhanced induction of apoptosis in
combination with LBH589. For example, in SU-DHL-6 cells, co-treatment of 1 uM
BKM120 with 5 nM LBH589 induced 50% increase of a subdiploid population in
comparison to the untreated sample, while BKM120 alone induced a 13% increase in the
sub-Gg/G; cell population. Similarly, GS-1101 enhanced SAHA-induced apoptosis.
Together, these results suggest that the effect of GS-1101/LBH589 combination represents a
class effect between HDI and PI3Ki.

Synergistic effect of GS-1101/HDI treatment on induction of apoptosis in primary CLL cells

Clinical studies with GS-1101 as a single agent have shown promising efficacy in a
significant percentage of patients with CLL. Therefore, we also evaluated the apoptotic
induction of combined GS-1101/HDI treatment in CLL primary cells.

Leukaemia cells from 5 CLL cases were treated with GS-1101, either alone or in
combination with LBH589 or SAHA. After 48 h, CD5/CD19 dual positive populations were
analysed using the Annexin V/7-AAD assay (Figure 4, Figure S1). All tested drugs were
effective as a single agent. However, the combination treatment further potentiated the
induction of apoptosis. As summarized in Table I, CLL primary cells treated with the
combination of GS-1101 and HDI resulted in a synergistic induction of apoptosis with CI
values mostly lower than 0.8. Thus, the CI analysis showed a synergistic effect and provided
proof of principle for testing the PI3Ki/HDI combination also in CLL patients.

GS-1101/LBH589 combination modulates multiple signalling pathways

To gain an insight into the molecular mechanisms involved in combination treatment,
several signalling pathways, such as ERK, AKT, JNK were investigated (Figure 5A, B).
LBH589 single treatment slightly increased levels of p-AKT in SU-DHL-6 cells, but not in
SU-DHL-16 or Raji cells. As we expected, the combined treatment of SU-DHL-6 cells
mostly recapitulated the decrease of the p-AKT level seen in the cells treated with GS-1101
alone. Interestingly, in SU-DHL-16 cells no potentiation of the mild GS-1101-induced p-
AKT downregulation was observed with the combined treatment.

Moreover, in SU-DHL-6, low concentrations (0.5, 1 nM) of LBH589 increased p-ERK,
while higher concentrations (5, 10 nM) reversed it (data not shown). In contrast, in SU-
DHL-16 cells, the effect of LBH589 on p-ERK decrease was dose-dependent (data not
shown). GS-1101 single treatment induced a decrease of p-ERK in both DLBCL cell lines
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but did not any impact on this protein in Raji cell line. In SU-DHL-6 cells, similarly as with
p-AKT, the combination treatment did not change p-ERK levels in comparison to GS-1101
single treatment. However, a further diminution was detected in SU-DHL-16 cells. In Raji
cells, the levels remained the same as with LBH589 treatment alone.

Interestingly, when each of the agents was used individually, it had no effect on p-JNK
levels in SU-DHL-6/16 cells. However, the combined treatment markedly augmented JNK
phosphorylation. This increase was not observed in Raji cells.

To better understand the mechanism of action of GS-1101/LBH589 combination in SU-
DHL-6/16 cells, the cells were transfected with siRNA AKT, treated with both drugs and
and the effect on cell cycle progression and apoptosis was further examined (Figure 5C).
Western blot analysis showed a decreased AKT level in both cell lines transfected with
SiRNA AKT. However, a significant decrease (p<0.05) of the percentage of apoptotic cells
after the combined treatment was detected only in SU-DHL-6 cells. The co-treatment of SU-
DHL-6 cells transfected with the sSiRNA AKT, induced only a 15% increase in apoptotic
population compared to 32% increase in control cells. Interestingly, SIRNA AKT
transfections increased the percentage of apoptotic cells in samples treated with GS-1101
alone and decreased in samples treated with LBH589 only.

Discussion

Recent evidence suggests that the proapoptotic effect of HDI is associated with modulation
of protein kinase signalling pathways including MAPKSs, PI3K and PKC pathways (Bodo et
al, 2011;Espinos & Weber, 1998; Kim et a/, 2006). The fact that the activity of the HDAC
counterpart, histone acetyltransferase, is upregulated through phosphorylation by ERK,
CDK2, or PKA (Kalkhoven, 2004) supports the importance of such pathways in HDI-
induced lethality. Moreover, it has been shown that MAPK and PI3K pathways are
increasingly associated with resistance to HDI (Kodani et a/, 2005; Matsubara et a/, 2009).
Thus, combining HDI with inhibitors affecting these pathways is rational. In this study we
demonstrated that PI3Ki/HDI combined treatment synergistically inhibits proliferation,
primarily by promoting G4 cell cycle arrest, and induces apoptosis in B-cell lymphoma and
leukaemia cells

The cytotoxic effects of PI3K modulation have frequently been attributed to AKT
inactivation (Nesterov et a/, 2001); however, previously it has been suggested that the
interference with AKT signalling by PI3Ki plays little, if any, role in promoting HDI-
mediated lethality (Rahmani et a/, 2003b, Figure S2). In fact, our experiments showed that,
after the GS-1101/LBH589 combined treatment, SU-DHL-16 cells underwent a synergistic
inhibition of proliferation and apoptosis induction despite the failure of AKT inactivation.
Similarly, the downregulation of AKT using sSiRNA AKT did not have any impact on the
induction of apoptosis induced by combined treatment. It is obvious that in these cells,
GS-1101 potentiation of GS-1101/LBH589-mediated proliferation, inhibition and apoptosis
occurs through an alternative PI3K-dependent, but AKT independent pathway, such as,
CDC42, RAC, or SGK among others (Murga et al, 2002; Park et al, 1999).

Although we do not completely understand the mechanisms that underlie the observed
synergism, decreased levels of p-ERK may be an important indicator of efficacy. In our
experiments, GS-1101 and LBH589 individually decreased ERK phosphorylation in SU-
DHL-16 cells, and the combination was particularly effective in this regard. A similar
pattern was seen in SUD-HL-6 cells. Although exceptions exist, ERK activation is generally
associated with enhanced cell survival (Xia et a/, 1995). ERK activation has also been
shown to have an important function in protecting cells from the otherwise lethal effects of
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oxidative stress (Wang et a/, 1998). Forced activation of MEK and ERK attenuated P13Ki/
HDI-mediated lethality. This might be explained by stabilization (Yang & Yu, 2003) of an
antiapoptotic protein, BCL2, by ERK and eventually prevention of release of proapoptotic
protein from the mitochondria (Dias & Bailly, 2005). We have found that, despite ERK
inactivation when GS-1101 and LBH589 were administered individually, minimal toxicity
indicates that this was insufficient, by itself, to potently induced apoptosis. Importantly, SU-
DHL-6 cells were significantly more sensitive to PI3Ki/HDI-mediated apoptosis than SU-
DHL-16 or Raji cells. The reason might be that both ERK and AKT pathways are active in
SU-DHL-6 cells (Figure S3), whereas only one of these pathways is highly active in the
other cell lines. The cross-talk between the ERK and AKT cascades has been previously
described (Shelton et a/, 2004), and combined downregulation of both AKT and ERK may
be considerably more lethal than interruption of either pathway alone. Thus, a plausible
explanation is that PI3K inhibitors (e.g. GS-1101, BKM120) disrupt cytoprotective
signalling pathways that protect cells against the effect of HDI and it results in cell cycle
arrest and potentiation of the apoptotic induction (Figure 6).

GS-1101/LBH589 treatment was also accompanied by JNK activation. It is know that HDI
have the ability to induce DNA damage in tumour cells and to promote yH2A.X formation,
which participates in DNA damage repair (Rosato et a/, 2008). In this context, the JINK-
related stress pathway might be activated by DNA damage. Hypothetically, LBH589, by
inducing DNA damage, and GS-1101, by inhibiting DNA damage repair, may potentiate the
DNA damage and contribute to the proliferation inhibition and cell death. However,
treatment with the JNK inhibitor, SP600125, failed to attenuate PI13Ki/HDI-mediated
lethality (Figure S4). This finding suggests that JNK activation represents a consequence of
P13Ki/HDI-mediated apoptosis rather than its cause.

While cell lines represent an excellent tool for initial work, they cannot always accurately
predict effects in primary tumour cells. As GS-1101 showed promise in indolent B-cell
lymphoproliferative disorders, such as CLL, a response of CLL cells to the LBH589/
GS-1101 treatment was also studied. This treatment resulted in a synergistic apoptosis
induction with CI values mostly < 0.8. Furthermore, the experiments using alternate PI3K
and HDI suggested that the effect seen is not dependent on the individual specific
compound, which strengthens the pre-clinical rationale for this combination.

In summary, we have demonstrated the synergistic anti-tumour activity achieved by
combining PI3Ki with HDI in established B-cell lymphoma cell lines and primary NHL/
CLL cells. Further, this study indicates that interference with PI3K signalling dramatically
increases HDI-mediated apoptosis in malignant haematopoietic cells - this might be through
either AKT-dependent or AKT-independent mechanisms. Moreover, the dramatic increase
in HDI-related apoptosis observed in PI3Ki-treated cells appears to be related to the
disruption of the ERK signalling pathway. Given that PI3Ki (e.g. GS-1101, BKM120) and
HDI (panobinostat) are in clinical trials, and some HDI (e.g. SAHA, romidepsin) are already
FDA-approved, this study provides a strong rational for testing the combination of PI3Ki
and HDI in the clinic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Characterization of GS-1101 response in human B-cell lymphoma cell lines
(A)Antiproliferative effect of GS-1101 in B-cell lymphoma cell lines. Cells were incubated
with increasing concentrations of GS-1101 for 48 h before cell viability was determined by
the WST-1 assay. Assessment of activity of (B) AKT pathway and (C) ERK pathway in
untreated B-cell lymphoma cell lines using Western Blotting. ICgg, 50 % inhibitory
concentration.
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Figure 2. Interaction between GS-1101 and L BH589 is dose-dependent and synergistic

(A) Fractional-effect/combination index (CI) curves were generated with the Chou-Talalay
method of statistical analysis. Cells were treated for 48 h with indicated doses at fixed ratios.
(B) Combination indexes for SU-DHL-6/16 cell lines and primary mantle zone lymphoma
(MZL) and diffuse large B cell lymphoma (DLBCL) cells treated with different
combinations of GS-1101 and LBH589 concentrations.
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Figure 3. Induction of apoptosisin SU-DHL-6/16 cells after exposureto GS-1101 and L BH589
(A) Cells were incubated with GS-1101 and/or LBH589 (LBH) for 48 h, and the cell cycle
was analysed by flow cytometry. (B) sub-Gy/G1 DNA content analysis of SU-DHL-6/16 cell
lines after 48 h treatment. (C) Histogram of annexin V/7-aminoactinomycin D (7-AAD)
positive cells, where annexin V/7-AAD positivity reflects the number of apoptotic (apo) and
necrotic (nec) cells. Annexin V/7-AAD staining was employed to confirm the extent of

apoptosis after the combined treatment. (D) Combination of GS-1101 and LBH589

significantly induce PAPR cleavage and activation of caspase-3, and -7 in SU-DHL-6/16
cells. Cells were treated for 24 h and protein extracts were analysed by Western Blot. (E)
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sub-Gg/G, DNA content analysis of SU-DHL-6/16 cells after 48 h combined treatment
where SAHA substitutes LBH589 and GS-1101 was replaced by BKM120.
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Figure 4. Synergistic induction of apoptosis of GS-1101/HDI combined treatment in primary
CLL cdls

(A). Isolated CLL peripheral blood mononuclear cells were treated with GS-1101 and/or
LBH589 for 48 h followed by annexin V/7-aminoactinomycin D flow cytometry assay. (B)
Dose-dependent increase of percentage of apoptotic cell population in primary CLL cases
after treatment with GS-1101 and/or SAHA.
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Figure 5. GS-1101 and L BH589 modulate levels of several signalling proteins

(A) Western blot analysis of AKT phosphorylations after combined treatment with
GS-1101/LBH589 for 24 h. (B) Western blot analysis of phospho-ERK and phospho-JNK
after combined treatment with GS-1101/LBH589 for 24 h. (C) Sub-Gy/G; DNA content
analysis of si RNA AKT transfected SU-DHL-6/16 cell lines after 48 h of GS-1101/LBH589
treatment. GFP ctrl, green fluorescent protein control; LBH, LBH589.
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Figure 6. A schematic model of the mechanism of PI3K inhibitorsand HDI synergy

Disruption of the cytoprotective signalling pathways potentiates HDI effects and results in
cell cycle arrest and apoptotic induction. HDAC, histone deacetylase HDI, HDAC inhibitor
PI3K, phosphatidylinositide 3-kinase.
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