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Abstract Exosomes are produced from mammalian cells
when multivesicular endosomes fuse with the plasma
membrane, releasing their intralumenal vesicles. In this
study we assessed the effects of MOPIPP, a novel indole-
based chalcone, and vacuolin-1, a distinct triazine-based
compound, on exosome production in cultured glioblas-
toma and 293T cells. Both compounds promote vac-
uolization of late endosome compartments and interfere
with trafficking of late endosomes to lysosomes, without
significant cytotoxicity. The results show that vacuolated
cells treated with these compounds release exosomes with
morphologies similar to untreated controls. However, both
compounds trigger multi-fold increases in release of exo-
some marker proteins (e.g., CD63, Alix) in exosome
fractions collected from equivalent numbers of cells.
Despite the marked increase in exosome production, the
profiles of selected miRNA cargoes carried by the exo-
somes were generally similar in cells treated with the
compounds. Insofar as MOPIPP and vacuolin-1 seem able
to increase the overall yield of exosomes from cultured
cells, they might be useful for efforts to develop exosome-
based therapeutics.
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Introduction

Exosomes are vesicles with diameters in the range of
30-120 nm, which are released from many types of cells
[1, 2]. The roles of exosomes in cancer have attracted par-
ticular interest because of the possibility that molecules
carried by these vesicles may serve as biomarkers to monitor
tumor occurrence and progression [3, 4]. Mounting evidence
suggests that exosomes also play important roles in medi-
ating intercellular communication within the tumor
microenvironment [5, 6] and promoting cancer invasion and
metastasis [7]. Finally, exosomes have attracted consider-
able attention as potential nanocarriers for delivery of drugs
and other therapeutic cargoes, such as miRNAs [8, 9].
Exosomes originate as intralumenal vesicles (ILVs)
within multivesicular late endosomes (MVEs). The vesi-
cles are released into the extracellular environment upon
fusion of MVEs with the plasma membrane [10, 11].
MVESs are commonly viewed as occupying an intermediate
position between early endosomes and lysosomes in the
endolysosomal degradative pathway of eukaryotic cells
[12]. Several distinct multiprotein ESCRTs (endosomal
sorting complexes required for transport) function in MVE
biogenesis [13]. Proteins displaying monoubiquitin signals
interact with the ESCRTs and are sorted into the intralu-
menal vesicles, which are ultimately degraded when the
MVEs merge with lysosomes. While exosomes contain
proteins typically found in ILVs, there is some evidence
that they may be derived from functionally distinct sub-
populations of MVEs that are routed to the plasma mem-
brane instead of the lysosomes [14]. The mechanisms that
control the trafficking of MVEs to the cell surface and the
release of exosomes are not well understood. Nevertheless,
several common factors appear to influence this process,
including ceramide levels [15], intracellular calcium [16],
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microenvironmental pH [17], and specific Rab GTPases
[18-20].

Despite intense interest in the potential diagnostic and
therapeutic applications of exosomes, small molecules that
can either inhibit or stimulate exosome production without
affecting cell growth or viability are lacking. Many com-
pounds that perturb endolysosomal vesicle trafficking and
induce vacuolization of late endosomal compartments have
been identified [21, 22]. However, little is known about the
possible effects of such compounds on exosome biogenesis
because many of them are cytotoxic. We have been working
with a series of synthetic indole-based chalcones with the goal
of discovering new therapeutic agents that trigger non-apop-
totic cell death in cancer cells. Our lead compound, 3-(5-
methoxy-2-methyl-/ H-indol-3-yl)-1-(4-pyridinyl)-2-pro-
pene-1-one (abbreviated MOMIPP), induces a form of cell
death termed ‘methuosis,” which is characterized by the
accumulation of large vacuoles derived from macropino-
somes and late endosomes [22, 23]. In the course of per-
forming structure—activity studies with MOMIPP analogs, we
identified several derivatives that induce endosomal vac-
uolization but, surprisingly, do not trigger growth arrest or cell
death [24, 25]. One of these non-lethal compounds is abbre-
viated as MOPIPP, since it is identical to MOMIPP, except for
the presence of a propyl group in place of the methyl group on
the 2-position of the indole ring. In conjunction with vac-
uolization of late endosomal compartments, MOPIPP par-
tially impairs lysosome-directed trafficking of cell surface
receptors and procathepsins [26]. However, the effects of
MOPIPP on exosome secretion have not yet been explored.

Another intriguing molecule is vacuolin-1, an unrelated
triazine-based compound that was initially characterized by
Feng et al. [27]. Like MOPIPP, it induces vacuolization of
late endosomal and lysosomal compartments without
affecting cell viability [28]. Vacuolin-1 has been reported
to inhibit fusion of endosomes and autophagosomes with
lysosomes [29] and to impair Ca®"-dependent exocytosis
of lysosomes [28], while having no effect on trafficking of
vesicular structures termed ‘enlargeosomes’ to the plasma
membrane [28]. In the present study we utilized cultured
human glioblastoma cells and 293T cells to assess the
effects of MOPIPP and vacuolin-1 on exosome production.
The results suggest that both compounds may have
potential utility as non-toxic agents to enhance the cellular
release of exosomes.

Materials and methods
Cell culture

U251 human glioblastoma cells were purchased from the
DCT Tumor Repository (National Cancer Institute,
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Frederick, MD). Human embryonal kidney 293T cells were
obtained from the American Type Culture Collection,
Manassas, VA. Stock cultures of both cell lines were
maintained in Dulbecco’s modified Eagle medium
(DMEM) containing 10% (v/v) fetal bovine serum (FBS)
(JR Scientific, Woodland, CA) at 37 °C with an atmo-
sphere of 5% CO, in air. Cultures were passaged for less
than 6 months and were monitored periodically for
mycoplasma contamination.

Isolation of exosomes

Cells were seeded in 10 cm diameter culture dishes at
500,000 cells/dish and maintained for 24 h in DMEM
supplemented with 10% Gibco™ exosome-depleted FBS
(Thermo Fisher Scientific, Waltham, MA). The medium
was then replaced with fresh medium containing either
10 uM MOPIPP, synthesized as described [24] or 1 uM
vacuolin-1 (Santa Cruz Biotechnology, Santa Cruz, CA)
dissolved in DMSO. Control cultures contain an equivalent
volume of the DMSO vehicle (0.1%) in the medium. After
24 h, the medium was collected from the dishes (typically
10-12 dishes per condition) and the attached cells were
pooled and counted with a Coulter Counter, model Z1
(Beckman-Coulter, Indianapolis, IN). Exosomes were iso-
lated from medium using the Exo-spin™ Exosome
Purification system (Cell Guidance Systems, St. Louis,
MO). The medium was pre-cleared by centrifugation at 4°
C, first at 300xg for 10 min and then at 16,000xg for
30 min. Then a volume of Buffer A equal to half the vol-
ume of medium was added and the mixture was incubated
overnight at 4 °C. The precipitate, enriched with exosomes,
was collected by centrifugation at 16,000xg for 1 h, and
the pellet was re-suspended in 100 pl of Dulbecco’s
phosphate-buffered saline (PBS), pH 7.4. The material was
applied to an Exo-Spin column equilibrated with PBS, and
the purified exosomes were eluted in 200 pl of PBS.

Electron microscopy

Aliquots of purified exosomes obtained from control and
drug-treated cell cultures were fixed with 4%
paraformaldehyde and stained with 2% uranyl acetate on
Formvar carbon-coated electron microscopy grids. Vesi-
cles were visualized using a Hitachi HD-2300 transmission
electron microscope at an accelerating voltage of 200 kV.
Electron microscopy of vacuolated cells was carried out as
described previously [30].

Dynamic light scattering (DLS)

Exosomes suspended in PBS were subjected to DLS using
a Nicomp 380 ZLS instrument (Particle Sizing Systems,
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Port Richey, FL). Samples were placed in the path of a
helium neon laser of wavelength 658 nm at 23 °C, and data
were collected at a scattering angle of 90°. For each sam-
ple, three measurements of 8 min each were performed,
and the particle size distribution (number-weighted diam-
eter) was displayed.

Immunoblot analysis

The cells in the dishes used for collection of exosomes
were washed three times with PBS and lysed in SDS
sample buffer [31]. The protein concentration was deter-
mined by colorimetric assay using Bio-Rad reagent (Bio-
Rad, Richmond, CA). Samples containing equal amounts
of total cell protein were subjected to SDS-PAGE and
immunoblot analysis using procedures described previ-
ously [32]. For analysis of proteins in exosomes, equal
volumes of purified exosomes isolated from control or
treated cells were mixed with 1/5 volume of 5X SDS
sample buffer prior to SDS-PAGE. Monoclonal antibodies
against CD63 (H5C6) and LAMP-1 (H4A3) were obtained
from the Developmental Studies Hybridoma Bank (Iowa
City, TA). Antibodies against Alix (sc-53540) and cyto-
chrome c (sc-13560) were from Santa Cruz Biotechnology
(Santa Cruz, CA), and the antibody against lamin B,
(12255) was from Cell Signaling Technology (Danvers,
MA). Incubations with primary antibodies were carried out
overnight at 4 °C at the flowing dilutions: 1:500 for CD63
and LAMP-1; 1:1000 for Alix, cytochrome c, and lamin
B2. HRP-coupled goat anti-mouse IgG (cat. no. 554002)
and goat anti-rabbit IgG (cat. no. 554001) were obtained
from BD Biosciences (San Jose, CA). Secondary antibod-
ies were diluted 1:2000 and incubated with the blots for
1 h. Chemiluminescent signals were quantified using an
Alpha Innotech FluorChem HD2 imaging system with
Alpha View software (San Jose, CA).

Analysis of miRNAs

Total RNA was extracted and purified from cultured cells
or exosomes using QIAzol lysis reagent followed by
RNeasy Mini spin-columns, according to the manufac-
turer’s protocol (SA Biosciences/Qiagen, Germantown,
MD). cDNA was generated by reverse transcription of
150 ng of total RNA, using the miScript II RT kit (Qiagen).
RNA and cDNA were quantified and checked for purity
(OD 260/280) using a Nano-Drop-1000 spectrophotometer
(Thermo Fisher). For initial profiling of the miRNAs
expressed in control or MOPIPP-treated cells, equal
amounts of cDNA were applied to Human Brain Cancer
miScript® miRNA PCR arrays (MIHS-108Z) (SA Bio-
sciences/Qiagen), and real-time PCR reactions were carried

in an Applied Biosystems StepOne Plus™ system using

SYBR Green master mix. Ct values for the individual
miRNAs were normalized to the average Ct value for six
snoRNA/snRNA miScript PCR controls included on each
array, yielding ACt values. For comparisons of the miRNA
contents of exosomes collected from the medium of cells
treated with MOPIPP, vacuolin-1, or vehicle (DMSO),
individual miScript primers were purchased for six of the
most highly expressed miRNAs detected in U251 cells (SA
Biosciences/Qiagen). The primers were reconstituted in
SYBR green master mix and combined with cDNAs
derived from equal amounts of exosomal RNA (150 ng).
RT-PCR reactions were carried out in triplicate to obtain Ct
values for each miRNA. The Ct values were normalized to
the average Ct value for an endogenous “housekeeping”
miRNA, SNORDG6S, in the same exosome cDNA samples
to obtain ACt values.

Results
Characterization of exosomes

In accord with previous reports [24, 26], treatment of
cultured U251 glioblastoma cells with MOPIPP resulted in
vacuolization of endocytic compartments. The accumula-
tion of numerous vacuoles was readily detected by phase
contrast microscopy (Fig. la). Treatment with vacuolin-1
induced a very similar phenotype (Fig. la). Despite the
extreme vacuolization, the cells treated with both com-
pounds remained attached to the culture dishes and con-
tinued to proliferate. Electron microscopy revealed that
most of the vacuoles in the cells treated with MOPIPP were
surrounded by a single membrane and were largely devoid
of intralumenal contents (Fig. 1b). However, a distinct
subpopulation of vacuoles (approximately 20-30%) con-
tained clusters of heterogeneous vesicles, many of which
were of a size (<50 nm) consistent with ILVs and exo-
somes (examples shown in Fig. 1b).

When 24h conditioned media were collected from
control and drug-treated cultures and subjected to a pro-
cedure designed to yield purified exosomes, electron
microscopy showed that the final exosome fraction con-
sisted mainly of vesicles with diameters of approximately
25-30 nm (Fig. 2a), matching the lower end of the size
range reported for exosomes. There were no discernable
differences in the morphologies of the vesicles obtained
from the treated cells compared to the control. Particle
analysis by DLS confirmed that the purified vesicle popu-
lations had unimodal distributions with mean diameters in
the range of 18-27 nm. Differences between control and
treated cells were not statistically significant (Fig. 2b).
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Fig. 1 Comparison of cell A
morphologies in cultures treated
with MOPIPP and vacuolin-1.
a U251 cells were examined by
phase contrast microscopy after
24 h treatment with 10 pM
MOPIPP, 1 pM vacuolin-1 or
an equivalent volume of DMSO
(control). Scale bars 20 pm.

b Electron micrographs of U251
cells after 24 h treatment with
MOPIPP show many large
vacuoles (v), with some
containing clusters of ILVs
(asterisks). Scale

bars = 500 nm

Control

Quantification of exosome marker proteins

To determine if treatment with MOPIPP and/or vacuolin-1
might alter the production of exosomes, conditioned medium
was pooled from 10 to 12 control or treated cultures and
exosomes were isolated as described above. The cells from
the same cultures were also harvested and pooled. Figure 3a
shows that comparable numbers of cells were collected from
the control and drug-treated cultures, consistent with the lack
of growth inhibition by MOPIPP and vacuolin-1. The
immunoblots in Fig. 3b demonstrate that cytochrome c and
lamin B,, markers for mitochondria and nuclear envelope,
respectively, were not detectable in the purified exosome
populations, confirming that the latter were not contaminated
with intracellular organelles released via cell lysis. In
Fig. 3c—e, the isolated exosomes and cells were probed for
three proteins commonly enriched in MVEs and exosomes:
Alix, a protein involved in the biogenesis of endosomal ILVs
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[33]; CD63, amember of tetraspanin protein family [34], and
LAMP-1, an abundant membrane glycoprotein in lysosomes
and late endosomes [35, 36]. The results show that the rel-
ative amounts of all three proteins were increased by several
folds in the extracellular vesicle preparations from cultures
treated with MOPIPP (Fig. 3c—e). An even greater increase
was observed in the cultures treated with vacuolin-1. In
contrast, changes in expression of the same marker proteins
in the corresponding cell populations were comparatively
modest (Fig. 3c—e). Since the exosomes were isolated from
nearly identical numbers of cells in the control and treated
cultures (Fig. 3a), the results suggest that MOPIPP and
vacuolin-1 promote an increase in the release of exosomes
into the extracellular environment.

To determine if MOPIPP and vacuolin-1 would have a
similar effect in a cell line commonly used for large-scale
exosome production, we tested these compounds in 293T
cells [37]. Both compounds induced extensive
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Fig. 2 Exosomes isolated from
cultures treated with MOPIPP
or vacuolin-1 are
morphologically similar to
exosomes isolated from cells
treated with vehicle (DMSO).
U251 cells were treated for 24 h
with the indicated compounds
and exosomes were collected
from the medium as described
in “Materials and methods.”
The exosome preparations were
characterized by transmission
electron microscopy (a) or DLS

(b)

vacuolization of 293T cells (Fig. 4a) without substantially
reducing the yield of cells harvested from the treated cul-
tures (Fig. 4b). As in the case of the glioblastoma cells,
both MOMIPP and vacuolin-1 caused multi-fold increases
in Alix and CD63 in exosome fractions collected from
comparable numbers of cells (Fig. 4c, d). At the same time,
the intracellular contents of these proteins were unaffected
or modestly reduced (Fig. 4c, d).

Comparison of miRNA profiles

miRNAs carried by exosomes play important roles in inter-
cellular communication [5, 6]. Thus, we asked if, in addition
to increasing exosome output, MOPIPP and vacuolin-1
might alter the miRNA composition of the exosomes. We
began by profiling miRNAs expressed in untreated U251
glioblastoma cells, using a RT-PCR array that detects 84
miRNAs commonly associated with human brain cancers.
Based on their ACt values relative to a panel of six normal-
ization controls (Fig. 5a), we selected 13 miRNAs with high
expression for further comparison between control and
MOPIPP-treated cells. As shown in Fig. 5b, treatment with
MOPIPP did not cause major changes in the cellular
expression of any of the selected miRNAs. Among the
miRNAs profiled on the array, we selected six for profiling in
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exosomes released from the U251 cells. Triplicate reactions
starting with equal amounts of total exosomal RNA were
carried out to obtain Ct values. Although the selection of a
definitive RT-PCR standard for normalization of exosomal
miRNA is controversial, there is evidence from studies of
human serum samples that the endogenous miRNA,
SNORDG6S, can serve as a useful “housekeeping” standard
[38]. Therefore SNORD68 was used to obtain ACt values for
the exosomal miRNAs released from drug-treated and
untreated cells (Fig. 5¢). Comparison of the miRNAs in
exosomes (Fig. 5b) vs cells (Fig. 5¢) from the untreated
cultures (solid bars) revealed that not all miRNAs are
incorporated into exosomes in direct proportion to their
intracellular abundance. For example, miR-21-5p was the
most abundant in cells, but was the least abundant of the
tested group in the exosomes. The miRNA contents of the
exosomes released from cells treated with vacuolin-1 were
generally similar to the untreated controls. In the MOPIPP-
treated cells the exosomal miRNA profile was not grossly
altered. However, we did observe small but significant
decreases in the ACt values for all of the miRNAs in com-
parison to the untreated controls. Examination of the raw Ct
values for each miRNA (Fig. 5d) suggests that these varia-
tions are due mainly to a slightly lower abundance of the
miR-SNORDG68 standard in the exosomes from the
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«Fig. 3 MOMIPP and vacuolin-1 increase the amounts of exosomal

marker proteins in vesicle fractions recovered from conditioned
medium. In three separate experiments, U251 cells were treated for
24 h with 10 pM MOPIPP, 1 uM vacuolin-1, or an equivalent volume
of DMSO vehicle. The cells from each experiment were counted
(mean = SEM) (a), and the medium from the same cultures was used
to prepare exosomes with the Exo-spin™ Purification method. Equal
aliquots of the final exosome preparations were subjected to western
blot analysis for Alix (¢), CD63 (d), and LAMPI (e) (left panels). The
cells from these experiments were immunoblotted for the same
proteins, with equal amounts of protein loaded on each lane (right
panels). Representative blots are shown. For the exosomes, the fold-
increase in the treated cells relative to the DMSO-treated controls is
graphed below each blot (mean + SEM). Asterisks denote significant
increases (p < 0.05) relative to paired controls, determined by
Student’s ¢ test. For the cells, the signals for the proteins in the
treated cells are expressed as percent of the corresponding controls
(mean + SEM), and significant changes (p < 0.05) are noted with
asterisks. The blots in panel (b) demonstrate that proteins associated
with mitochondria (cytochrome c) or nuclear envelope (lamin B,)
were not detectable in the exosome fractions

MOPIPP-treated cells, rather than a major effect of the drug
on expression or export of the six selected miRNAs.

Discussion

The results show that vacuolization of late endosomal
compartments induced by two distinct small molecules,
MOPIPP and vacuolin-1, is accompanied by a several-fold
increase in exosomal marker proteins in extracellular vesi-
cles prepared from comparable numbers of glioblastoma
cells. Cell proliferation and viability were not markedly
impaired by these compounds, and the characteristics of the
exosomes from treated cells were similar to the controls.
Since the intracellular amounts of the marker proteins were
only modestly affected by the compounds, the results are
indicative of an increase in exosome biogenesis and/or
secretion in cells treated with MOPIPP and vacuolin-1.
Small molecules that promote vacuolization of late
endosomal compartments have the potential to affect
exosome production in several ways. In one scenario,
vacuolization of endosomes could disrupt the molecular
machinery for the formation of ILVs, so that any MVEs
that subsequently fuse with the plasma membrane release
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Fig. 4 MOPIPP and vacuolin-1 increase the amounts of exosomal
marker proteins in vesicle fractions recovered from 293T cells. In
three separate experiments, 293T cells were treated for 24 h with
10 pyM MOPIPP, 1 puM vacuolin-1, or an equivalent volume of
DMSO vehicle. The cells from each experiment were examined by
phase contrast microscopy (a) then pooled and counted (mean =+ -
SEM) (b). The conditioned medium from the same cultures was used
to prepare exosomes with the Exo-spin ™ Purification method. Equal
aliquots of the final exosome preparations were subjected to western
blot analysis for Alix (¢) and CD63 (d) (left panels). The cells from

fewer exosomes. In a second model, formation of ILVs
might remain unaffected, but trafficking of enlarged MVEs
to the cell surface might be disrupted, also resulting in
diminished exosome secretion. Finally, in a third model,
one might envision that drug-induced vacuoles derived
from late endosomes could retain the ability to generate
ILVs, but be unable to merge with lysosomes where the
vesicles are degraded. In that case, enlarged MVEs might
accumulate and deliver more ILVs to the extracellular
environment, provided that they remain competent to fuse
with the plasma membrane. The latter model seems most
likely to explain the apparent increase in exosome secretion
(Fig. 3c—e), considering that many vacuoles in MOPIPP-
treated cells contained numerous ILVs (Fig. 1b), and pre-
vious reports have demonstrated defective endo-
some — lysosome trafficking in cells treated with
MOPIPP [26] and vacuolin-1 [29]. Confirmation of this
model will require further studies to determine if ILV
biogenesis and trafficking of vacuolated MVEs to the
plasma membrane remain intact in cells treated with the
vacuole-inducing agents.
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these experiments were immunoblotted for the same proteins, with
equal amounts of protein loaded on each lane (right panels).
Representative blots are shown. For the exosomes, the fold-increase
in the treated cells relative to the DMSO-treated controls is graphed
below each blot (mean &+ SEM). Asterisks denote significant
increases (p < 0.05) relative to paired controls, determined by
Student’s ¢ test. For the cells, the signals for the proteins in the
treated cells are expressed as percent of the corresponding controls
(mean = SEM), and significant changes (p < 0.05) relative to the
controls are noted with asterisks

The miRNA cargo carried by exosomes may differ from
the miRNA profile of the producer cell, implying that
incorporation of miRNAs into exosomes is not random
[39]. Details about the sorting complexes that interact with
MVEs and govern the loading of miRNAs into exosomes
have begun to emerge [40-42]. Herein we found that
extensive vacuolization of endosomal compartments did
not affect the overall expression of several common miR-
NAs in glioblastoma cells (Fig. 5b). Several of the most
highly expressed cellular miRNAs were represented in the
exosome populations. However, their relative abundance in
the exosomes did not always reflect their abundance in the
cells (e.g., compare miR-21-5p in Fig. 5b vs Fig. 5c). This
is consistent with the aforementioned concept of selective
sorting of some miRNAs into exosomes. Comparison of
the miRNA compositions in exosomes collected from
treated versus untreated cells (Fig. 5c, d) suggests that
although some variations occur, particularly in cells treated
with MOPIPP, overall the vacuole-inducing compounds do
not radically alter the relative concentrations of most of the
miRNAs. Thus, while the analysis of exosomal proteins
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Fig. 5 MOPIPP and vacuolin-1 do not have major effects on the
profile of miRNAs represented in exosomes. a Cellular miRNAs
expressed in untreated U251 cells were profiled using the Human
Brain Cancer miScript® arrays (n =3) and ACt values were
determined using the six snoRNA/snRNA miScript PCR controls
included on each array. The specific miRNAs selected for further
study are indicted with arrows. b U251 cells were treated with 10 uM
MOPIPP or an equivalent volume of DMSO for 24 h and cellular

indicates that MOPIPP and vacuolin-1 induce large
increases in exosome secretion, the exosomes appear to be
qualitatively similar to those collected from untreated cells
in terms of their miRNA cargo.

Among the possible therapeutic applications of exo-
somes, considerable attention has been devoted to using
these vesicles as nanocarriers for packaging and delivery
of small molecules (e.g., anti-cancer drugs), miRNAs,
and proteins [8, 9]. As new methods are developed to
engineer exosome cargoes in producer cells, one of the
major impediments to more widespread development of
exosome-based therapies is the low yield of exosomes.
Our finding that the effects of MOPIPP and vacuolin-1
on exosome production in glioblastoma cells also extend
to the commonly used 293T cell line suggests that these
small molecules may have potential general utility as
non-cytotoxic pharmacological agents to boost exosome
production for biotechnology and therapeutic purposes. In
this regard, further investigation of mechanism of action
of these compounds is warranted.

@ Springer

expression of each of the indicated miRNAs was determined by RT-
PCR (n = 3). ¢, d Exosomes were isolated from U251 cells treated
with MOPIPP, vacuolin-1, or DMSO and equal amounts of exosomal
RNA were subjected to reverse transcription and RT-PCR in triplicate
to quantify the indicated miRNAs. The results were normalized to
miR-SNORDG68 to obtain ACt (¢) or depicted as raw Ct values (d).
The values marked with asterisks in the MOPIPP-treated cells were
significantly different from the controls at p < 0.05
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