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Abstract

Histone deacetylases (HDACS) are known to be key enzymes in cancer development and
progression through their modulation of chromatin structure and the expression and post-
translational modification of numerous proteins. Aggressive dedifferentiated tumors, like
glioblastoma, frequently overexpress HDACs, while HDAC inhibition can lead to cell cycle arrest,
promote cellular differentiation and induce apoptosis. Although multiple HDAC inhibitors, such as
quisinostat, are of interest in oncology due to their potent /n vitro efficacy, their failure in the clinic
as monotherapies against solid tumors has been attributed to poor delivery. Thus, we were
motivated to develop quisinostat loaded poly(D,L-lactide)-b-methoxy poly(ethylene glycol)
nanoparticles (NPs) to test their ability to treat orthotopic glioblastoma. In developing our NP
formulation, we identified a novel, pH-driven approach for achieving over 9% (w/w) quisinostat
loading. We show quisinostat-loaded NPs maintain drug potency /n vitro and effectively slow
tumor growth /n vivo, leading to a prolonged survival compared to control mice.
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1. Introduction

Recent advances have highlighted the role of epigenetic aberrations in the development and
progression of many cancer types, including glioblastoma (GBM) [1-6]. Histone
deacetylases (HDACS) are a class of enzymes capable of producing epigenetic modification
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of cellular behavior. HDACs are responsible for the deacetylation of lysine residues on
histones to regulate chromatin structure, transcription factor binding sites and gene
expression, and their overexpression has been observed in dedifferentiated, aggressively
proliferating tumors [7-11]. Importantly, molecules that inhibit HDACs (HDAC inhibitors,
HDIs) are capable of producing apoptosis and cell cycle arrest, and they also sensitize cells
to conventional DNA damaging treatments [12-16]. Currently, three first-generation HDIs
are clinically approved for cutaneous T-cell lymphoma [17]; however, despite promising
preclinical efficacy of first generation HDIs both /in vitroand in vivo, clinical trials of HDIs
have failed to show treatment benefits in solid tumors. It has been proposed that inadequate
delivery and short biological half-life of most HDIs contribute to their underwhelming /in
vivo efficacy [18,19]. Second generation HDIs, like quisinostat, were designed and shown to
be significantly more selective and potent against class | HDACs with a longer duration of
action compared to first generation HDIs, but these agents still failed to show significant
efficacy as a monotherapy against solid tumors, presumably due to poor tumor delivery
[18,20].

We have shown in previous work polymeric nanoparticles (NPs) can effectively encapsulate
poorly water soluble small molecules to improve their tolerability in vivo and delivery to
intracranial GL261 GBM tumors, which enables effective treatment of tumors after
intravenous administration [21]. Importantly, Wang et al. showed the encapsulation of
quisinostat within PLGA-lecithin-PEG core-shell NPs potentiated the effects of radiation in
subcutaneous PC3 tumors more effectively than free drug [22]. Thus, the goal of this work
was to develop a formulation process that would effectively encapsulate quisinostat in NPs
composed of PLA-PEG and to test whether encapsulated quisinostat would be capable of
treating orthotopic GBM. Through the process of developing this drug carrier, we identified
a novel, pH-driven approach for achieving high quisinostat loading. In contrast to traditional
methods that improve drug encapsulation by decreasing the aqueous solubility of the drug to
drive it into the polymer core, our novel method achieves high loading by improving the
solubility of quisinostat in the aqueous phase prior to solvent evaporation.

2. Materials and methods

2.1. Materials

Quisinostat (JNJ-26481585) was obtained from APExBio (Houston, TX USA). Poly(p,L-
lactide)-b-methoxy poly(ethylene glycol) (PLA-PEG, Mw ~5:16 kDa) was purchased from
PolySciTech (West Lafayette, IN USA). Endotoxin free (<0.0050 EU/ml) water from G-
Biosciences (St. Louis, MO USA) was used throughout nanoparticle fabrication. Dimethyl
sulfoxide (DMSO), dichloromethane (DCM), sodium cholate, 1x phosphate buffered saline
(PBS), hydrochloric acid (HCI, 0.1001 M) and sodium hydroxide (NaOH, 0.1001 M) were
all purchased from Sigma-Aldrich (St. Louis, MO USA). Dulbecco’s modified Eagle
medium (DMEM), fetal bovine serum (FBS), 0.25% trypsin-EDTA and geneticin selective
antibiotic (G-418) were purchased from Gibco Invitrogen (Carlsbad, CA, USA). Greiner
T25 tissue culture flasks with filter cap and Costar 96-well assay plates were purchased from
VWR International (Radnor, PA, USA). Beetle luciferin (potassium salt) and CellTiter-Glo
Luminescent Cell Viability Assay were purchased from Promega (Madison, WI, UAS).
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2.2. Nanoparticle fabrication

Nanoparticles were produced by a modified single emulsion-solvent evaporation approach,
as previously reported [21,23,24]. 50 mg PLA-PEG dissolved in 2 ml DCM was added
dropwise into 4 ml of 1% (w/v) sodium cholate while vortexing, then probe sonicated
(Fisher Scientific Model 705 Sonic Dismembrator, Waltham, MA USA) on ice in 3, 10-s
bursts at 40% amplitude. The resulting emulsion was added to an evaporation phase
consisting of 20 ml of 0.3% (w/v) sodium cholate and allowed to stir for 3 h to evaporate the
DCM. Drug loaded nanoparticles were produced by adding 5 mg quisinostat, dissolved in
300 ul DMSO, dropwise into the organic phase or the evaporation phase, as specified for
each formulation in Table 1. For nanoparticles made under basic or acidic conditions, the pH
of the 0.3% sodium cholate evaporation phase was adjusted to the specified pH by adding
dilute (0.1 M) NaOH or HCI. After the 3 h, nanoparticles were washed and concentrated
through Amicon Ultra-15 Centrifugal Filters (100 kDa cut-off) for 4, 20 min spins at 5000
RCF. Aliquots were frozen and lyophilized to determine nanoparticle concentration and drug
loading. The rest of the nanoparticles were frozen and stored at —80 °C.

2.3. Nanoparticle characterization

2.3.1. Drug loading—Drug loading was quantified by absorbance (300 nm) on a Tecan
plate reader. Lyophilized nanoparticles were dissolved at 5 mg/ml in DMSO. Samples were
plated in triplicate (40 pl nanoparticles and 10 pl DMSO per well) in a clear, flat bottom 96-
well assay plate. A control curve was constructed in technical triplicate by adding 40 pl
blank nanoparticles per well and spiking with 10 ul of known drug concentrations in DMSO.
Quisinostat loading was calculated as mass quisinostat/mass polymer (w/w%).

2.3.2. Size and zeta potential—Nanoparticle hydrodynamic diameter and zeta
potential were measured using the NanoBrook 90Plus Zeta (Brookhaven Instruments,
Holtsville, NY USA). All measurements were done at a nanoparticle concentration of 0.1
mg/ml in triple filtered 1 mM KCI.

2.3.3. Transmission electron microscopy—Transmission electron microscopy
(TEM) measurements were measured on the Phillips CM 12 operated at an accelerated
voltage of 120 kV using 400 mesh formvar-coated copper grids FCF400-Cu-SB (Electron
Microscopy Sciences, PA, USA). Copper-grids were first glow-discharged to increase
hydrophilicity on the surface. Samples were then diluted with DI water (final concentration
4 mg/ml). Samples were prepared by pipetting 3 ul of diluted solution to the glow-
discharged grids followed by ambient drying using Whatman Filter Paper (Sigma Aldrich,
USA).

2.3.4. Controlled release—Quisinostat release from nanoparticles was determined
using a protocol adapted from Wang et al. [22]. Nanoparticles were diluted to 20 mg/ml in
PBS (pH 7) and 400 pl was transferred to a 3.5 k MWCO Slide-A-Lyzer Dialysis cassette
(Thermo Fisher Scientific, Waltham, MA USA) in triplicate. Each cassette was immersed in
2 |1 PBS (pH 7, replaced at each time point) at 37 °C with gentle stirring (100 rpm). At each
time point, 30 pl nanoparticles was removed from the cassette and dissolved in 150 pl
DMSO. 60 ul dissolved nanoparticles was added in triplicate to a clear, flat bottom, 96-well
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plate, and the amount of drug remaining was quantified by absorbance as described in
section 2.3.1. A free quisinostat control at the equivalent concentration was included to
measure quisinostat movement across the membrane using the same protocol.

2.4. Cell culture

GL261-LucNeo cells were generated by retroviral transduction of parent GL261 cells. The
LucNeo construct (obtained from Andrew Kung laboratory, Dana-Farber Cancer Institute) is
described in Rubin et al. [25]. Cells were maintained under normal adherent culture
conditions supplemented with G-418 as a selection pressure. Cells were grown in T25 flasks
in DMEM containing glucose, L-glutamine and 10% FBS at 37 °C and 5% CO,. 0.25%
trypsin-EDTA was applied to collect cells and a Cellometer mini (Nexcelom Bioscience,
Lawrence, MA USA) was used to count cells prior to all /n vitroand in vivo experiments.

2.5. Invitro nanoparticle efficacy

GL261 cells were seeded in 96-well flat, white walled, clear bottom plates at a density of 3k
cells/well in 100 pl media and allowed to attach for 4 h prior to adding treatments. Each
plate was treated with 10 pl/well of 19 serial dilutions (1:2) ranging from 10 to 0 pM in PBS
of either free drug or nanoparticles. After 72 h, cell viability was assessed using CellTiter-
Glo, and an IC50 value was calculated in GraphPad Prism (San Diego, CA USA) by a
nonlinear fit of the log (inhibitor) vs. response function.

2.6. In vivo tumor treatment

All procedures and animal care practices were performed in accordance with the Barrow
Neurological Institute’s Institutional Animal Care and Use Committee.

2.6.1. Tumor induction—Orthotopic GL261-LucNeo tumors were induced in C57BL/6
albino mice (Harlan Laboratories, Indianapolis, IN, USA) as previously reported [23,21].
Briefly, mice were anesthetized with an intraperitoneal injection of ketamine/xylazine
(100/10 mg/kg) and mounted in a stereotaxic frame (Kopf Instruments, Tujunga, CA, USA)
on top of an infrared heating pad to maintain animal temperature. The animal’s head was
shaved and sterilized with three alternating passes each of betadine and ethanol. A 1 cm
incision was made over midline, and a burr hole was drilled 2 mm lateral, 0.1 mm posterior
of bregma. A hamiltion syringe (29 gauge needle) containing 75k GL261-LucNeo cells in 2
ul DMEM was inserted into the hole to a depth of 2.8 mm and the cells were injected over 2
min. The needle was left in place for 1 min to reduce backflow before the wound was closed
with staples. All animals received a subcutaneous (SQ) injection of Buprenorphine SR prior
to surgery, and ibuprofen was provided in their water ad lib for 1 week for pain.

2.6.2. Tumor growth—Bioluminescence was used to monitor and measure tumor
growth as previously described [21,23]. Imaging was done on the Xenogen VIS Spectrum
in vivo imaging system every 3—4 days starting at day 6 after tumor implantation. Mice
received a SQ injection of luciferin (150 mg/kg) and were imaged 25 min post injection
under 2% isoflurane. The Living Image software was used to draw an ROI around the tumor
signal and measure the size of each tumor (total flux, photons/sec).
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2.6.3. Tumor treatment—Quisinostat-loaded nanoparticles were tested /n7 vivo in mice
bearing orthotopic GL261 tumors. After the first imaging, mice were randomly assigned to a
treatment group. For the free drug study, this included saline control (100 ul) or free
quisinostat (10 mg/kg IP, solubilized in 20% hydroxy-propyl-p-cyclodextrin, pH 8.7). For
the nanoparticle drug study, this included saline (100 pl), blank nanoparticles (BNP, 1000
mg/kg polymer), or quisinostat-loaded nanoparticles (QNP, 50 mg/kg quisinostat). One
mouse in the nanoparticle study was excluded for lack of a tumor signal at the initial
imaging. Mice were treated by intravenous injection (lateral tail vein) on days 11, 12, 18,
and 19 post tumor induction. Treatment efficacy was measured by tumor growth, and
median survival. Mice were monitored daily and euthanized at the sign of symptoms (lack of
grooming, abnormal gait, hunched posture etc.) or greater than 15% weight loss.

2.7. Statistics

All statistical tests were performed using the GraphPad Prism 5 software. Tumor growth for
each treatment was compared by fitting the average growth with an exponential curve fit and
comparing treatments using a one-way ANOVA. Survival differences were compared using a
Kaplan-Meier curve and the Mantel-Cox test.

3. Results

3.1. Nanoparticle loading and characterization

NPs produced from amphiphilic polymers such as PLA-PEG possess a hydrophabic core,
which is utilized as a favorable environment for the encapsulation of water-insoluble small
molecules [26,27]. Our initial attempts to encapsulate quisinostat in PLA-PEG NPs followed
a standard single emulsion-solvent evaporation technique under neutral conditions.
Quisinostat loaded NPs (QNPs) formed effectively; however, a relatively poor loading of
1.3% (Table 1, QNP-1) was achieved, which is comparable with prior reports of 2.3% (w/w)
quisinostat encapsulation within PLGA-lecithin-PEG core-shell NPs [22]. We attempted to
improve loading by varying a number of traditional formulation parameters known to affect
drug loading (solvent mixtures (acetonitrile, dimethylformamide, acetone, DMSO, DCM,
ethyl acetate), nanoprecipitation, feed ratios and temperature) [28,29]; however, none of
these changes brought quisinostat loading above 2% (data not shown).

In an emulsion based approach to NP formation, a hydrophobic drug is typically dissolved
with the polymer in an organic solvent to aid in the encapsulation of the drug during NP
formation, followed by evaporation of the solvent. The final loading of drug within the NP is
thought to be determined by diffusion of drug out of the polymer core after NP formation,
which is directly related to the solubility of the drug in the aqueous phase. Thus, one
approach for improving loading of drug within NPs formed by emulsion is to fabricate
particles under conditions that reduce drug solubility in the water phase, which is believed to
drive partitioning of drug into the particle core. [28,30,31] Because quisinostat exhibits
increased water solubility at a basic pH, we hypothesized that acidifying the evaporation
phase to pH 2 would increase quisinostat loading. However, we observed drug loading under
acidic conditions significantly decreased compared to NPs produced under neutral
conditions to 0.47% (QNP-2). As a negative control, we also tested the effect of raising the
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evaporation phase pH to 10. Interestingly, a basic evaporation pH resulted in significantly
higher loading compared to NP produced at pH 2 or 7, achieving a loading of 5.0%
(QNP~-3).

The observation that loading improves when quisinostat’s aqueous solubility is increased
suggests a loading mechanism that does not rely solely on hydrophobic interactions. Under
basic conditions, quisinostat is expected to possess a negative charge due to deprotonation of
the hydroxamic acid group, suggesting an ionic mediated loading mechanism. Since we
were only altering the pH affer NP formation, the ionization could either enable quisinostat
retention within the core of the solid NP and/or increase the stability of quisinostat at the
water-polymer interface. To test whether quisinostat could be associating with the surface of
the NP (as opposed to the core), we generated blank (no drug) NPs in the primary emulsion
and added quisinostat directly to the evaporation phase under basic conditions (pH 10). This
formulation condition nearly doubled the effective drug incorporation over our prior
attempts, achieving a quisinostat loading of 9.3% (QNP-4). Further increases to the mass of
quisinostat added to the aqueous phase, from 5 mg to 7.5 or 10 mg, did not result in
increased loading (QNP-6 and QNP-7) even at a higher pH (pH 11, QNP -9), supporting a
saturable association of drug with the surface of the NP. Formulations at a pH 7 or pH 9,
while following an identical post-loading procedure, NP loading dropped to 2.7% (QNP-5)
and 5.3% (QNP-8), respectively. When we pre-evaporated the organic phase (DCM) prior to
addition of quisinostat, with or without pH change, NP loading dropped to <3% (data not
shown). Thus, the highest effective loading of quisinostat (QNP-4) requires the
deprotonation of quisinostat at a pH above 10 and can be achieved after NPs are formed but
only in the presence of organic solvent. The increase in quisinostat loading as pH increases
up to pH 10 with no increase seen at pH 11 supports an ionic association with the full
ionization of quisinostat occurring between pH 9 and 10.

One experimental concern is whether the loading measured in these experiments could
reflect drug precipitates instead of NP-associated drug; we offer three pieces of evidence that
contradict this possibility. First, the optical quality of the emulsion is characteristic of ultra-
small polymeric nanoparticles, possessing a translucent/blue hue that is not observed when
drug precipitates [32]. Second, TEM characterization does not show drug precipitates (Fig.
S1). Third, when PLA-PEG was excluded but post-loading fabrication conditions otherwise
maintained, only 10ug of quisinostat was recovered.

Each NP formulation was also characterized by DLS to measure size and zeta potential.
BNPs formed by our standard technique (neutral pH evaporation phase) possessed an
average diameter of 96 nm and a zeta potential of =13 mV (Table 1). Alterations to the
evaporation phase pH did not significantly alter the biophysical properties of BNPs (data not
shown). The presence of quisinostat resulted in NPs with a slightly more neutral surface
charge compared to NPs lacking quisinostat, but the amount of quisinostat loaded did not
significantly affect the surface charge across QNP formulations. In contrast, the measured
NP diameters positively correlated with quisinostat loading, with the average diameter
increasing to 129 nm for the formulation with the highest loading (Fig. 1). This phenomenon
is consistent with previous reports showing increased NP diameter when drugs are loaded
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onto the surface of polymeric NPs [33,34]. These observations further support the drug
loading measured represents NP-associated quisinostat, as opposed to precipitated drug.

Quisinostat release from QNPs or as free drug at 37 °C in PBS was measured by absorbance
after 1, 2, 4, 6, 24, 32 and 48 h. Free quisinostat was completely released from the dialysis
cassette by 4 h, whereas only 50% of quisinostat was released from NPs after 6 h, and
complete NP release achieved by 48 h (Fig. 2). The fast rate of release from PLA-PEG NPs
is in contrast to the 5 days of sustained release previously reported for quisinostat
encapsulated within the core of PLGA-lipid hybrid NPs [22]. A rapid burst release supports
surface loading of quisinostat [34,35], and the subsequent phase of sustained release is
presumably due to electrostatic interactions with the particle, which have previously been
demonstrated to enable the sustained release of proteins from PLGA NPs, even in absence of
encapsulation [36]. It remains to be determined whether quisinostat resides within the
hydrated PEG layer or is within the PLA polymer phase and merely close to the surface. It is
not immediately clear that the burst release we observed is a problem for quisinostat drug
delivery, since NPs typically distribute and clear over similar time frames to the release
kinetics observed here [37,38].

Our data demonstrate that the pH of the aqueous phase is a major force driving quisinostat
loading into or onto PLA-PEG NPs formed by emulsion, and we suggest that the mechanism
is charge-mediated. We propose the deprotonation of quisinostat under basic conditions
increases NP loading due to electrostatic interactions; presumably, the presence of the
organic solvent is required to achieve this because it enhances overall solubility of the drug
to enable this interaction. Previous works have described the loading of drugs and proteins
onto the surface of inorganic [39,40] and polymeric [34—-36] NPs; these effects have been
reported to be a function of charge interactions, [34,35,36,37] and their pH-dependency
supports ionization as a primary mechanism [34,36,39,40]. Additionally, a charge-dependent
loading of proteins onto the surface of PLGA has been demonstrated in a post-fabrication
scheme [36]. However, to our knowledge, similar approaches have not yet been
demonstrated for loading small molecules on PLA-PEG, and have also not been reported for
HDls.

3.2. QNP activity and efficacy

To test whether quisinostat potency is maintained after NP loading, we evaluated growth
inhibition produced by free versus NP quisinostat /7 vitro, in GL261 cultures. Both free and
NP-loaded quisinostat effectively inhibited the growth of GL261 cells with 1C50 values of
24 and 30 nM, respectively (Fig. 3). We found no significant changes in quisinostat potency
due to the NP loading process, and the low nanomolar IC50 is consistent with reported
quisinostat 1C50 values against other glioblastoma cell lines [19].

Multiple investigators have identified HDAC inhibitors as drugs of interest for treating
cancer, including GBM [1,8,17,41-43]. While /n vitro results have been promising, little
success has been observed /n vivo [20,44,45]. As a monotherapy, quisinostat and other HDIs
have shown the greatest /in vivo efficacy against hematological cancers [17,19,46]. Against
solid tumors, HDIs are most commonly utilized as a combination therapy to achieve efficacy
[6,20,22,47]. Although the mechanism for the /n vivo failure of quisinostat or other HDIs as
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a monotherapy is unknown, it has been suggested that poor delivery may be a factor. NPs
have the potential to improve /n vivo efficacy of systemically administered agents through a
variety of mechanisms, including improved solubility (enabling a higher dose to be
delivered), enhanced permeation and retention (EPR) in leaky tumor vasculature, and/or
alteration to pharmacokinetic profile of free drug. For example, in previous work, we
utilized a NP encapsulation strategy to deliver the otherwise ineffective drug camptothecin
(CPT) to intracranial GBM [21]. CPT is a potent drug in cell culture but is very poorly water
soluble, inactivated at physiological pH, and cleared rapidly following systemic
administration. Encapsulation of CPT within poly(lactic-co-glycolic acid) (PLGA) NPs
improved drug tolerability dramatically, which produced a robust slowing of tumor growth
and prolongation of survival in mice bearing intracranial tumors. Based on this previous
work, we predicted that NP encapsulation would provide a similar benefit to the action of
quisinostat.

Prior works using hydroxy-propyl-B-cyclodextrin and/or man-nitol to solubilize quisinostat
for injection report the maximum tolerated dose to be in the range of 35-70 mg/kg/week
when administered by IP or SQ injection [18,19,46]. In our studies, mice did not show
significant weight loss at QNP doses up to 100 mg quisinostat/kg/week 1V (Fig. S2),
suggesting an improvement in quisinostat tolerability after NP encapsulation. Quisinostat
has previously shown efficacy against subcutaneous GBM xenografts [19], which confirms
quisinostat demonstrates expected activity against GBM but does not address delivery
barriers related to orthotopic tumors. Treatment of orthotopic GBM is significantly hindered
by the blood-brain barrier (BBB), which presents both active and passive barriers to restrict
the entry of chemotherapies [48,49]. Nearly all drugs of interest for GBM fail to achieve
adequate tumor concentrations at a safe dose [50]. Thus, the inability of subcutaneous
tumors to recapitulate these unique drug delivery challenges makes intracranial GBM
models necessary for evaluating treatment efficacy.

To test whether free quisinostat could treat an orthotopic tumor, intracranial GL261-LucNeo
tumors were induced in 10 C57BL/6 albino mice and treated with either saline or free
quisinostat (n = 5/group) by IP injection on days 11, 12, 18 and 19. Free quisinostat failed to
provide any treatment benefit with a tumor doubling time of 2.4 days for both treatment and
a median survival of 22 and 19 days for saline and quisinostat, respectively (Fig. 4). Ina
separate cohort of 12 mice bearing intracranial tumors, the subjects were divided into 3
treatment groups (saline, BNPs or QNPs) and treatments were administered IV by lateral tail
vein injection on days 11, 12, 18 and 19. Tumor growth was exponential in both saline and
BNP treated mice with an average tumor doubling time of 2.3 and 2.2 days, respectively,
while QNPs significantly (p < 0.05) slowed the tumor doubling time, to 3.4 days (Fig. 5).
This delay in tumor growth resulted in a significant increase in median survival to 27.5 days
for QNP treated compared to 21 days for those treated with BNPs (p = 0.03) and tended to
prolong survival compared to the 21.5 days for saline treated mice (p = 0.10). Although a
modest improvement in survival, these data show NP encapsulation of quisinostat can
improve its tolerability and efficacy over free drug to effectively slow intracranial GBM
growth as a monotherapy.
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4. Conclusions

This study presents a novel pH driven approach for achieving high quisinostat loading of
PLA-PEG NPs, ~9% (w/w), after NP formation. In contrast to the typical approach of
reducing drug solubility in the aqueous phase to drive partitioning of drug into the NP core,
our data show that quisinostat loading increases as its aqueous solubility increases, which we
suggest is due to a charge-mediated association of drug with the nanoparticle surface. QNPs
produced by these methods effectively release drug over 48 h and possess equivalent activity
to free drug /n vitro. Additionally, QNPs were found to robustly slow orthotopic GL261
tumor growth and prolong survival compared to control treated mice. These data support a
novel mechanism for loading NPs with quisinostat and further the development of HDIs for
the treatment of orthotopic glioblastoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Nanoparticle size to quisinostat loading correlation.
Nanoparticle’ hydrodynamic diameter, as measured by DLS, positively correlated (Pearson

coefficient = 0.9108, p < 0.0001) with the quisinostat loading for each batch. Each data point
represents an individual batch.
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Fig. 2. In vitro quisinostat release from QNPs.
QNPs released quisinostat into PBS at 37 °C over 48 h, with nearly 50% release occurring in

the first 6 h. Free quisinostat was completely released from the cassette within 4 h. Points
and error bars represent the mean + SD of 3 samples read in triplicate at each time point.
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Fig. 3. In vitro QNP efficacy against GL 261.
QNP and free quisinostat exhibited equipotent growth inhibition against GL261 murine

glioma cells /n vitrowith 1C50 s of 30 and 24 nM, respectively. Points and error bars
represent the mean + SD of 3 samples read in triplicate at each dilution.
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Fig. 4. Free quisinostat treatment efficacy in mice bearing orthotopic GL 261 tumors.
(A) Tumor growth was determined by the change in tumor size (mean + SD) from day 6, as

measured by bioluminescence. (B) Survival is shown on the Kaplan-Meier plot. (C) Saline
(n =5) and Free Quisinostat (h = 5) treated tumors both doubled in size every 2.4 days and
had median survival times of 22 and 19 days, respectively.
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Fig. 5. QNP in vivo treatment efficacy in mice bearing orthotopic GL 261 tumors.
(A) Tumor growth determined by the change in tumor size (mean + SD) from day 6 as

measured by bioluminescence. (B) Survival is shown on the Kaplan-Meier plot. (C) Saline
(n =4) and BNP (n = 3) treated tumors grew exponentially and had median survival times of
21.5 and 21 days, respectively. QNP (n = 4) treatment significantly slowed tumor doubling
compared to both controls, leading to a significantly prolonged survival of 27.5 days
compared to BNP treatment. # designates significance (p < 0.05) compared to BNP. *
designates significance (p < 0.05) compared to saline. Statistical testing on tumor doubling
time was performed with a one-way ANOVA followed by Tukey post-hoc testing. Statistical
testing on survival was performed by the Mantel-Cox test.
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