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Abstract

Autosomal dominant polycystic kidney disease (ADPKD) is the most common genetic kidney
disease and is characterized by the formation of renal cysts and the eventual development of end-
stage kidney disease. One approach to treating ADPKD is through inhibition of the mammalian
target of rapamycin (mTOR) pathway, which has been implicated in cell overproliferation,
contributing to renal cyst expansion. However, mTOR inhibitors, including rapamycin, everolimus,
and RapaL.ink-1, have off-target side effects including immunosuppression. Thus, we hypothesized
that the encapsulation of mTOR inhibitors in drug delivery carriers that target the kidneys

would provide a strategy that would enable therapeutic efficacy while minimizing off-target
accumulation and associated toxicity. Toward eventual in vivo application, we synthesized cortical
collecting duct (CCD) targeted peptide amphiphile micelle (PAM) nanoparticles and show high
drug encapsulation efficiency (>92.6%). /n vitro analysis indicated that drug encapsulation into
PAMs enhanced the anti-proliferative effect of all three drugs in human CCD cells. Analysis of

in vitro biomarkers of the mTOR pathway via western blotting confirmed that PAM encapsulation
of mTOR inhibitors did not reduce their efficacy. These results indicate that PAM encapsulation

is a promising way to deliver mTOR inhibitors to CCD cells and potentially treat ADPKD.

Future studies will evaluate the therapeutic effect of PAM-drug formulations and ability to prevent
off-target side effects associated with mTOR inhibitors in mouse models of ADPKD.
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1. Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is a chronic kidney condition that
affects approximately 600,000 individuals in the United States, making it the most common
inherited kidney disorder [1]. ADPKD is caused by mutations in the PKDI or PKD2
genes, encoding the proteins polycystin 1 (PC1) and polycystin 2 (PC2) that are involved

in the regulation of cell growth, cell movement, and cell-to-cell interactions [2]. ADPKD

is characterized by renal cell overproliferation and cyst formation throughout the nephron,
and the eventual decline in kidney function [3]. Approximately half of ADPKD patients
progress to end-stage kidney disease (ESKD) by the time they reach their 50°s and will
require dialysis or kidney transplantation [4]. To date, there is no cure for ADPKD, and the
vasopressin V2-receptor antagonist tolvaptan is the only treatment that has been approved
by the U.S. Food and Drug Administration (FDA) to slow disease progression. However,
tolvaptan has modest therapeutic effects in delaying ESKD [5] and can cause undesirable
reactions, including polyuria, excessive thirst, dizziness, and severe liver damage. Thus,
finding alternative therapeutic options is crucial for the treatment of ADPKD.

A potential target for ADPKD treatment is the mammalian target of rapamycin (mTOR)
pathway. mTOR pathway dysregulation is associated with diseases characterized by cell
overproliferation, e.g., colorectal cancer [6], breast cancer [7], and renal cell carcinoma
(RCC) [8]. In ADPKD, the mTOR pathway is activated by decreased functional expression
of PC1 or PC22. Subsequent activation of mTOR complex 1 (mMTORC1) leads to increased
cell proliferation, which contributes to cyst formation [9].

Considering the role of mTOR activation in cell proliferation, multiple mTOR inhibitors
have been investigated, including the hydrophobic small molecule drug rapamycin and its
chemical analogs (rapalogs). Rapamycin inhibits cell proliferation by binding to the FK506
binding protein-12 (FKBP12) binding pocket and the FKBP-rapamycin binding (FRB)
pocket on mTORC1 [10]. Everolimus, a rapalog that mimics the structure of rapamycin with
the addition of a hydroxyethyl ester at the C40 position [11], was developed to combat the
low oral bioavailability seen with rapamycin (16% for everolimus vs. 10% for rapamycin

in animal models) [12]. Both drugs are already FDA approved: rapamycin for induction

of immunosuppression in renal transplant patients and to treat lymphangioleiomyomatosis
[13], and everolimus to treat advanced RCC, renal angiomyolipoma, and tuberous sclerosis
complex (TSC), and have undergone clinical trials to treat ADPKD. However, a phase 111
trial in 2014 evaluating rapamycin treatment for ADPKD (NCT00346918) failed due to
off-target side effects, such as immunosuppression. Similarly, everolimus underwent phase
IV clinical trials in 2010 to treat ADPKD (NCT00414440). Although everolimus was shown
to slow the rate of renal cyst growth, it did not reduce the progression of renal impairment,
potentially due to insufficient accumulation in the kidneys [14]. Furthermore, many
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patients experienced adverse, off-target side effects, including gastrointestinal disorders
(e.g., stomach pain, development of stomach ulcers) and blood disorders (e.g., anemia) [14].

Targeted drug delivery to the kidneys using nanoparticles may combat these disadvantages
by facilitating specific uptake to diseased cells and limiting off-target accumulation and
associated adverse effects [15]. Our lab has previously developed peptide amphiphile
micelles (PAMs) [16] that incorporate kidney targeting peptides [17] and showed
preferential accumulation in the kidneys [18]. PAMs consist of peptide amphiphiles
capable of self-assembling into micelle nanoparticles with a hydrophobic core, suitable for
encapsulating hydrophobic drugs such as rapamycin and rapalogs [19].

In this study, we developed PAMs using the CKDSPKSSKSIRFIPVST (CKD) peptide as
our targeting moiety for the first time, which was previously reported to accumulate in

the cortical collecting duct (CCD) of the kidneys, a region of therapeutic relevance as cyst
formation is most prevalent in the CCD in ADPKD [20]. We encapsulated rapamycin,
everolimus, or RapaLink-1, which is rapamycin chemically linked with MLNO0128 [21]
that can simultaneously bind to and inhibit both the FKBP12 region (via rapamycin) and
the TOR kinase inhibitor (TORKi)-binding region (via MLN0128) of mTORC1 [22]. We
characterized the nanoparticle-drug formulations and evaluated their ability to inhibit cell
proliferation /in vitro in human CCD cells compared to free drug. Furthermore, we assessed
their effect on markers of mTOR activation. This work aims to address the unmet clinical
need for ADPKD treatment and provides insight for the delivery of drugs for kidney disease.

Methods

Nanoparticle formulation

2.1.1. Kidney-targeting peptide synthesis and purification—The CCD-targeting
peptide, CKDSPKSSKSIRFIPVST (CKD), was synthesized using standard Fmoc-mediated
solid phase peptide synthesis with rink amide resin (Gyros Protein Technologies, SE)

using an automatic peptide synthesizer (PS3, Protein Technologies, Tucson, AZ) [18].
Peptides were cleaved from the rink amide resin using a 94:2.5:2.5:1 by volume solution of
trifluoroacetic acid, Milli-Q water, triisopropylsilane, and ethanediol, and then precipitated
and washed twice in ice-cold diethyl ether, dissolved in Milli-Q water, and lyophilized. The
resultant powder was stored at — 20 °C until further use.

Crude peptide was filtered using a 0.22 m PES syringe filter and further purified with
reverse-phase high performance liquid chromatography (HPLC) on a C18 column at 55

°C using 0.1% formic acid in acetonitrile and water mixtures. The molecular weight of

the purified peptide was confirmed using matrix-assisted laser desorption ionization time-of-
flight mass spectral analysis (MALDI-TOF) or electrospray ionization (ESI). The fraction
containing the peptide of interest was lyophilized and stored at —20 °C until further use.

2.1.2. Amphiphile synthesis, purification, and characterization—Amphiphiles
were produced by carrying out thioester conjugation between the CKD peptide and DSPE-
PEG(2000)-maleimide (Avanti Polar Lipids, AL, USA). Equimolar amounts of the lipid and
pure peptide were mixed in Milli-Q water (pH 7.2) and gently agitated for at least 24 h at
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room temperature (RT). The conjugate mixture was filtered with a 0.22 ym PES filter and
purified using HPLC on a C4 column and characterized using MALDI-TOF as described
above.

2.1.3. Peptide Amphiphile Micelle (PAM) formation—PAMs were prepared by thin
lipid film hydration. Non-targeting micelles (NTM) consisted of DSPE-PEG(2000)-methoxy
(Avanti Polar Lipids). CCD-targeting micelles were synthesized using a 45:55 molar ratio

of DSPE-PEG(2000)-CKD:DSPE-PEG(2000)-methoxy. The appropriate ratios of lipids and
lipid-peptide conjugates were dissolved in methanol and evaporated under a steady flow of
nitrogen to form a thin film. The film was further dried under vacuum overnight at RT and
hydrated in syringe-filtered Milli-Q water or phosphate buffered saline (PBS) to form PAMs.
After sonication for 10 min, PAMs were incubated at 80 °C for 30 min. For encapsulation
studies, mTOR inhibitors rapamycin, everolimus, or RapaLink-1 were added to the methanol
solution before thin film formation. Different molar ratios of lipid to drug (20:1, 10:1, 5:1,
and 2:1) were assessed to determine the lipid-to-drug ratio that resulted in the highest drug
loading and encapsulation efficiency.

2.2. PAM characterization

2.2.1. Hydrodynamic diameter, zeta potential, and morphology of PAMs—The
hydrodynamic diameter in Milli-Q water and zeta potential in 1 mM NaCl of PAMs (100
4M) were measured using Zetasizer Ultra (Malvern Instruments, Malvern, UK). Size and
morphology were further confirmed by transmission electron microscopy (TEM). PAMs (7
uL in Milli-Q water) were loaded onto 400 mesh lacey carbon grids (Ted Pella, Redding,
CA, USA) for 5 min. Excess moisture was wicked away with KimWipes, then the grids were
incubated with 7 pL of 2% wt. uranyl acetate solution at RT in the dark for 8 min. Excess
moisture was wicked away once more, and the grids were left to dry for at least 1 h. Then,
samples were imaged on a JEOL JEM-2100F TEM (JEOL, Ltd., Tokyo, Japan).

2.2.2. Calculation of drug loading and encapsulation efficiency—Following
hydration, PAMs were syringe filtered using a 0.22 xm PES filter in order to remove excess
drug that had not been encapsulated within the PAMs. Then, PAMSs were disassembled using
a 10:1 volume ratio of dimethyl sulfoxide (DMSO), releasing the encapsulated drug into
solution. After agitation for 30 s and sonication for 5 min at RT, the absorbance of the
solution was read at 278 nm using a plate reader. A standard curve was created using the
absorbance values of different concentrations of free drug (25, 50, 100, and 150 zg/mL),
and encapsulation efficiency (EE) and drug loading were calculated using the following
equations:

Weight of encapsulated drug (mg)

Total drug added initially (mg) < 100

EE(%) =

Weight of encapsulated drug (mg)

Weight of PAMs + encapsulated drug (mg) x 100

Drug loading(%) =

SLAS Technol. Author manuscript; available in PMC 2023 September 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coxetal.

Page 5

The EE and drug loading was calculated for non-targeted PAMs at 4 lipid-to-drug ratios
(2:1, 5:1, 10:1, and 20:1) for rapamycin (Santa Cruz Biotechnology, Dallas TX, USA),
everolimus (Sigma Aldrich, St. Louis, MO, USA), and RapaLink-1 (MedChemExpress,
Monmouth Junction, NJ, USA). The highest ratio of lipid-to-drug in terms of EE was used
for further studies using CCD-targeted PAMs (10:1 for both rapamycin and everolimus and
20:1 for RapaLink-1).

2.3. Comparison of anti-proliferative effect of free vs. encapsulated drugs in vitro

Cell proliferation was evaluated using an MTS cell proliferation colorimetric assay
according to the manufacturer’s specifications (BioVision Incorporated, San Francisco, CA,
USA). Human CCD (hCCD) cells were gifted by Remi Piedagnel (INSERM, Paris, France).
hCCD cells were grown in medium consisting of a 1:1 ratio of DMEM:Ham’s F-12, 5 pug/ml
of transferrin, 30 nM of sodium selenite, 2 mM of glutamine, 50 nM of dexamethasone, 5
pg/ml of insulin, 20 mM HEPES (pH 7.4), and 2% FBS. Medium for all cells was changed
every 2-3 days and cells were maintained at 37 °C and 5% CO, For MTS assay, cells (5 x
103/well) were seeded in a 96-well plate and grown for 72 h. Cell medium was then removed
and 50, 100, or 200 xM of drug-PAMs or the equivalent amount of free drug suspended in
100 gL cell medium was added to the cells and incubated for 24 or 72 h before conducting
MTS assays. Empty CCD-targeting PAMs were used as a control. Cell proliferation was
calculated as a percentage of the proliferation measured in cells incubated with cell medium
only.

2.4, Electrophoresis and immunoblotting analysis

Human CCD cells were cultured as described in Section 2.3. After treatment, cells were
washed with ice-cold PBS and lysed in lysis buffer containing 20 mM Tris— HCI pH

7.4, 50 mM NaCl, 50 mM NaF, 5 mM Na pyrophosphate, 250 mM sucrose, 1% Triton
X-100, 1 mM DTT, 1 mM PMSF, and complete protease inhibitor cocktail (Roche, Basel,
Switzerland). After incubation on ice for 15 min, lysate was centrifuged at 16,000 x g for
15 min at 4 °C, and the protein concentration in the supernatants was measured using the
Bradford method (Bio-Rad Laboratories, Hercules, CA, USA). Samples were separated by
4-12% gradient Gel (Nu-PAGE, Invitrogen Waltham, MA, USA) and electrically transferred
to a nitrocellulose membrane. The membrane was stained with Revert 700 total protein
stain solution for 5 min, then the total protein stain solution was decanted thoroughly and
rinsed using Revert 700 wash solution two times. Immediately, membranes were imaged
(700 nm channel) using an Odyssey® Fc Imaging System (LI-COR Biosciences, Lincoln,
NE, USA) for total protein quantification. After destaining with Revert destaining solution,
the membrane was blocked in LI-COR Odyssey Blocking Buffer for 1 h and then incubated
in primary antibody overnight at 4° C with gentle shaking. After one wash in TBS-0.1%
Tween 20, the membrane was incubated for 1 h with secondary antibody in blocking buffer
with 0.2% Tween 20. After one wash in TBS-0.1% Tween 20, proteins were detected by

an Odyssey® Fc Imaging System. Membranes probed with another primary antibody were
stripped by incubation in NewBlot™ IR stripping solution for 15 min. Quantification of
Western blots was performed by densitometry with analysis using Image Studio Lite Ver 5.2
software. A full list of antibodies used is provided in Table S1.
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2.5. Statistical analysis

All statistical analyses were performed using GraphPad Prism 9 (San Diego, CA, USA).

Two-tailed Student’s #test was used to compare means of two groups. Analysis of variance
(ANOVA) with a Tukey’s test for post-hoc analysis was used to determine statistical
significance between 3 or more groups. p < 0.05 was considered statistically significant.

3. Results and discussion

3.1

Peptide and amphiphile synthesis

CCD-targeting peptides were synthesized, purified using HPLC, and characterized by
MALDI-TOF spectrophotometry (Fig. S1). DSPE-PEG(2000)-peptide amphiphiles were
also purified by HPLC and ESI was used to confirm successful conjugation (Fig. S2). A
yield of 38.0 + 3.4% of DSPE-PEG(2000)-peptide amphiphiles was obtained after HPLC
and purified conjugates were used to form nanoparticles in this study..

3.2. PAM characterization

3.3.

Initially, non-targeted PAMSs (100 uM) were used to determine the optimal PAM:drug
molar ratio in terms of maximum encapsulation efficiency (EE) and drug loading (Fig.

1). Rapamycin and everolimus showed similar results, likely due to their similar structure
and molecular weight (Fig. S3). The highest drug loading for rapamycin (23.3%wt/wt) and
everolimus (26.0%wt/wt) was found at the lipid:drug ratio of 5:1. However, since the EE
was not significantly different at the 10:1 ratio, future experiments used the lowest effective
dose (10:1 ratio) for rapamycin and everolimus. RapaLink-1 had equal drug loading (13-
15%wt/wt) at the 5:1, 10:1, and 20:1 ratios, but EE increased with increasing PAM:drug
ratio. Thus, the 20:1 ratio was chosen for further studies.

CCD-targeted PAMs were used for all further studies and were characterized following
encapsulation of all three mTOR inhibitors (Table 1). Size and surface charge of drug-PAMs
was determined, as well as the EE and drug loading (Table 1). All PAMs were < 15

nm, and TEM analysis indicated that PAMs were spherical and monodisperse (Fig. 2).
Zeta potential for PAMs was negative and similar to previously published results [18].
PAM characteristics showed slight changes upon drug encapsulation, including decreased
size and increased zeta potential, similar to previous reports with rapamycin encapsulation
in hyaluronan-streptomycin micelles [23]. EE was high for all mTOR inhibitors, likely
due to their hydrophobic nature which facilitates effective encapsulation within the
water-protected hydrophobic core of nanoparticles, as previously shown in hyaluronan-
streptomycin micelles [23], PLGA-carbopol nanoparticles [24], and polysulfide micelles
[25].

Inhibition of cell proliferation in vitro

Rapamycin, everolimus, and RapaLink-1 have been reported to inhibit cell proliferation
[26] and the impact of encapsulating these drugs into CCD targeted micelles on their anti-
proliferative efficacy was assessed via MTS assay. hCCD cells were incubated with free or
drug-PAMs, or with control empty PAMs, for 24 h (Fig. 3) and 72 h (Fig. 4). Low (50 /M),
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intermediate (100 M), and high (200 1M) doses of PAMs were used and concentrations of
free drug matched the amount of drug that was encapsulated in PAMs at these doses.

After 24 h of incubation, Fig. 3 shows that encapsulation did not affect the anti-proliferative
effect of low dose rapamycin. Everolimus did not have any significant effect on cell
proliferation at low dose when administered free or encapsulated. However, the anti-
proliferative effect of low dose RapaLink-1 was enhanced when the drug was encapsulated
within CCD-targeted PAMs (60.0 + 5.2% of control respectively) vs. when administered

as a free drug (85.9 + 10.9% of control, p= 0.003) at this timepoint. At intermediate

doses incubated for 24 h, rapamycin and everolimus both showed enhanced anti-proliferative
effects when encapsulated in PAMSs. Similarly, encapsulated RapaL ink-1 induced a slightly
stronger decrease in cell proliferation vs. free drug, although this change was not significant.
Finally, at high doses, everolimus showed inhibition of cell proliferation only when
encapsulated within PAMs (85.1 + 6.6% vs. 112.8 + 5.1% free; p < 0.001). Interestingly,
RapaLink-1-PAMs were the most effective in inhibiting cell proliferation at all three doses,
demonstrating this nanoformulation may be a promising option for further development.

An extended incubation period at 72 h was also used to assess longer term effects of the
varying doses of mTOR inhibitors on hCCD cell proliferation (Fig. 4). At low dose (50 M),
encapsulated rapamycin showed higher inhibition of cell proliferation (70.8 + 3.6%) vs. free
rapamycin (89.2 + 6.0%; p = 0.0006). Strikingly, everolimus caused significant inhibition of
cell proliferation when encapsulated (85.0 £ 5.1%) but not when administered as free drug
(105.9 + 3.1%, p < 0.001), suggesting nanocarriers promote cellular uptake and enhance the
therapeutic effect of the drug. At the intermediate dose (100 zM), encapsulation increased
the efficacy of both rapamycin and everolimus in hCCD cells. Encapsulated rapamycin (59.5
+ 3.1%) had a greater anti-proliferative effect than free rapamycin (97.7 + 11.6%), with the
same trend for encapsulated everolimus (87.1 + 8.9%) vs. free everolimus (111.2 = 10.5%; p
=0.009). At a high dose (200 M), encapsulated everolimus showed high inhibition of cell
proliferation (20.4 £ 1.7%) vs. free everolimus (105.2 + 3.8%).

Comparing short and long incubation times, although there was a slight decrease in cell
proliferation upon treatment with empty PAMs at 24 h, this effect was ameliorated by 72

h. For drug-PAM formulations, encapsulated everolimus induces a greater decrease in cell
proliferation after 72 h vs. 24 h incubation at all doses, whereas free everolimus shows

no significant decrease at both timepoints. Rapamycin follows a similar, although less
pronounced trend, with increased inhibition of cell proliferation at longer time points. In
contrast, the extent of RapaLink-1 cell proliferation inhibition remained constant over time.

3.4. Activation of the mTOR pathway

In order to assess the effects of drug encapsulation into PAMs on the mTOR pathway,
Western blotting was carried out to quantify the phosphorylation of P70S6K and acetyl-
CoA carboxylase (ACC), and the autophagy protein microtubule-associated protein light
chain 3 (LC3) following incubation of free drug or drug-PAMs (Fig. 5). P70S6K is

a mitogen-activated Ser/Thr protein kinase and lies on a mitogen-activated signaling
pathway downstream of mTORCL [27]. Phosphorylation of P70S6K at Thr389 has been
used as a key marker of mMTORC1 activity. Rapalogs have been shown to decrease the
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phosphorylated P70S6K to total P70S6K ratio, which indicates mTORCL1 inhibition and the
subsequent reduction in cellular proliferation [28]. As found in Fig. 5, our results show

that encapsulation of mTOR inhibitors does not blunt the significant decrease in mTORC1
activity in human CCD cells after 24 h of incubation.

Additionally, pACC to total ACC (tACC) was measured as phosphorylation of acetyl-CoA
carboxylase (ACC) at Ser79 [29] is another indicator of AMPK activation [30]. Active
AMPK assists in the inhibition of the mTORC1 kinase complex, and the pACC to tACC
ratio has previously been shown to increase upon rapalog treatment [31]. As shown in Fig.
5, all three mTOR inhibitors induce an increase in AMPK activation vs. non-treated control,
although only free rapamycin treatment induced a significant increase. PAM-encapsulated
rapamycin also significantly increased this ratio, confirming the ability of nanoparticle-
mediated drug delivery to retain therapeutic effects.

Finally, relative LC3 I1/1 expression was explored as a marker of autophagy, which is
decreased in PKD and is induced by rapalogs [32]. LC3 is processed from cytosolic, pre-
autophagic LC3-I and subsequently proceeds to autophagosome membrane-bound LC3-11
upon activation of autophagy. An increase in the ratio of autophagosomal membrane-bound
LC3-11 to cytosolic LC3-1 is an established indicator of autophagic activity [33]. In our
study, only RapaLink-1 induced autophagy following 24 h of incubation, indicating its
superiority over first generation mTOR inhibitors rapamycin and everolimus. Furthermore,
encapsulation did not significantly hinder the effect of RapaLink-1. Overall, these results
indicate that drug encapsulation into micelles does not inhibit drug activity and its effect
on the mTOR pathway and may be beneficial for future in vivo studies aimed to target the
kidney and diseased tissue while minimizing delivery to off-target sites.

3.5. Conclusions

Here, we created PAMs that can efficiently encapsulate rapamycin, everolimus, and
RapaLink-1, accumulate in hCCD cells, and exert anti-proliferative effects via the mTOR
pathway. PAM encapsulation enhanced the anti-proliferative effects of these mTOR
inhibitors at multiple doses in hCCD cells following 24 and 72 h of incubation. Specifically,
PAM encapsulation enhanced the antiproliferative effect of (1) rapamycin at low and
intermediate doses for up to 72 h, (2) everolimus at low and intermediate doses at 24 and 72
h, and at high dose at 24 h, and (3) RapaLink-1 at a low dose after 24 h and high dose after
72 h.

In addition to the development of dose-optimized nanotherapeutics for specific drugs, the
applications of this technology are potentially diverse and promising, although further
studies are required. Although this study used healthy hCCD cells for evaluation, PAM-
encapsulated drugs should be evaluated on 3D ADPKD cystic models to validate our

results on an /n vitro model that further mimics the disease and to identify an ideal
nanoformulation for future, /n vivo application. Moreover, multiple PAM-encapsulated drugs
should be tested simultaneously to evaluate the potential benefits of combination therapy.
Notably, the mTOR pathway, targeted in this study, is highly conserved and implicated

in the progression of many chronic, proliferative diseases, including a variety of cancers

and cystic disorders. While our PAMs were specifically designed for renal accumulation,
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potential future applications could include incorporation of different targeting moieties to
deliver mTOR inhibitors directly to diseased tissues in a variety of proliferation disorders,
including cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

(A) Drug loading (%owt/wt) and (B) encapsulation efficiency (EE,%) of rapamycin,
everolimus and RapaLink-1 in micelles. Varying molar ratios of lipid: drug were used (2:1,
5:1,10:1, 20:1, n=3).
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Fig. 2.
Representative TEM images show empty and drug loaded-PAMs were spherical and

monodisperse.

SLAS Technol. Author manuscript; available in PMC 2023 September 28.

Page 13




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Cox et al.

A

Page 14

? 150- T 150+ T 150
€ T x €
3 3 ,zl '_l 3
.- P - -
< 100———Z=—F < 100+ ! — 2 100
g o s I Axx g
,g ke ,g Tk i .g
§ 5 § 50 § 5
[ [ [
Q o Q
3 T o0- T o-
8 8 AN 8 N
¥ & & & S
< o ' <
SO & R
AR @ ¢

Fig. 3.
hCCD cell proliferation after 24 h incubation with mTOR inhibitors,

encapsulated in PAMs at (A) 50 zM, (B) 100 M, or (C) 200 M, as assessed by MTS

assay (n=6, * p<0.05, ** p<0.01, *** p< 0.001, comparing value
medium alone, indicated by horizontal line).
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Fig. 4.

hCCD cell proliferation after 72 h incubation with mTOR inhibitors, either free or
encapsulated in PAMs at (A) 50 zM, (B) 100 M, or (C) 200 pM, as assessed by MTS
assay (n=6,* p<0.05, ** p<0.01, *** p< 0.001, comparing values to control with cell
medium alone, indicated by horizontal line).
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Western blot and quantification of the activation of the mTOR pathway by measuring
phosphorylation of (A, B) P70S6K and (C, D) ACC, and (E, F) LC3 11/l expression after 24
h incubation of free or encapsulated drugs in PAMs with hCCD cells (n=3, * p<0.05, ** p
<0.01, **** p<0.0001).
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