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Suppressing the secretion of exosomal miR-19b by gw4869 could regulate
oxaliplatin sensitivity in colorectal cancer
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Oxaliplatin is commonly used in managing malignancy, including colorectal cancer. While treatment often fails due
to decreased drug sensitivity, the mechanisms involved are not clear. In this study, we investigate how exosomal miR-19b
participates in oxaliplatin sensitivity and then prove that miR-19b down-regulates oxaliplatin sensitivity of sw480 cells. We
found that suppressing the secretion of exosomal miR-19b with gw4869 promotes sw480 cell oxaliplatin sensitivity. Our
combined results demonstrate for the first time that miR-19b regulates the oxaliplatin sensitivity of sw480 cells and provides
a unique mechanism mediated by gw4869 to modulate oxaliplatin sensitivity by suppressing exosomal miR-19b release.
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Colorectal cancer (CRC) has one of the highest incidences
and mortality in China, and it also ranks second in 5-year
survival rate [1]. Based on mathematical modelling, there
will be a 124 percent rise in the incidence of colorectal cancer
by 2030. Moreover, USA data shows increasing incidence of
CRC in young people [2].
Oxaliplatin/irinotecan combined with 5-fluorouracil
(5-Fu) is one of the current systemic treatments in CRC
[3], and targeted therapies have been developed [4]. Despite
technological advances, the prognosis of patients with
metastatic CRC remains poor due to intrinsic or acquired
tumor drug resistance [5]. Oxaliplatin is the first platinumbased anti-cancer drug approved for treating CRC. Although
it causes cell death by controlling DNA synthesis, replication
and transcription [6], resistance to oxaliplatin has become a
major problem [7].
Exosomes are vesicles approximately 100nm in diameter,
and they can deliver their content, including protein, DNA
and miRNA into the cytosol, thereby modifying the physiological state of the recipient cell [8]. Exosomes are important in cancer initiation and progression. It has been reported
that exosomes can regulate the proliferation, invasiveness,
EMT [9] and drug resistance of tumor cells and can promote
angiogenesis, fibroblast activation, immune response [10],
and pre-metastatic niche formation in distant sites [11].
MiRNAs were first identified in exosomes in 2007 [12],
and they may function as a vehicle in intercellular commu-

nication by transferring intercellular miRNAs [13, 14]. By
complementary base pairing with the 3’-untranslated regions
(3’-UTR), miRNAs can regulate post-transcriptional gene
expression [15, 16].
Gw4869, the neutral sphingomyelinase inhibitor, is often
used to block exosome generation [17], and it inhibits the
release of exosomes from multi-vesicular bodies (MVBs) by
inhibiting the MVB inward budding [18]. It was first used by
Essandoh et al. to reduce inflammation and cardiac dysfunction [19], but the effect of gw4869 on drug resistance and the
molecular basis of this effect remain to be elucidated.
Materials and methods
Cells and reagents. The human colorectal carcinoma
sw480 cell line was bought from Stem Cell Bank, Chinese
Academy of Sciences. Cells were cultured in RPMI 1640
medium (Gibco) with 10% fetal bovine serum in a 37 C
incubator with 5% CO2 supplementation. Oxaliplatin was
purchased from Selleck, and gw4869 was purchased from
Sigma.
Cell counting kit-8 assay (CCK-8) and EdU assay. After
cells were seeded and kept overnight, different concentrations of oxaliplatin were added. Subsequently, 48 h
later, the medium was changed to RPMI 1640 medium
containing 10% CCK-8 (Dojindo). Cells were then cultured
in a 37 °C incubator for 1 h, and the optical density
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450 (OD450) was measured. The half-maximal inhibitory concentration (IC 50) values were calculated using
GraphPad 6.0. The inhibition rate was calculated as follows:
[1–(ODtest−ODblank)/(ODcontrol−ODblank)]×100%.
After cells were seeded and kept overnight, the culture
medium was changed to contain 20 μM oxaliplatin. An EdU
assay kit (Ruibo) was applied to test the proliferation rate of
the cells 48 hours later.
Isolation of exosomes. FBS contains significant quantities of vesicles that can influence cultured cell behavior
[20]. To deplete these vesicles, FBS was subjected to 4 h of
ultracentrifugation at 110,000 g (Beckman Coulter Avanti
J-30I, USA), and the supernatant was filtered with a 0.22 μm
filter (Millipore) under aseptic conditions. Exosomes were
collected from culture medium of treated or untreated cells.
First, cells were seeded in equivalent amounts and cultured
overnight and the medium was then changed to RPMI 1640
(2% exosome-free FBS) containing 20 μM oxaliplatin; and
not for controls. After 48 h, the medium was centrifuged at
2,500 g for 20 mins and at 10,000 g for 1 h to remove cells,
debris and apoptotic bodies. The supernatant was subjected
to 70 mins ultracentrifugation at 110,000 g at 4 °C after being
filtered by 0.22 μm filter to remove MV. Finally, PBS was used
to re-suspend the pellet.
Identification and characterization of exosomes.
Cells were lysed using RIPA buffer (Biochem) according
to protocol. The protein concentrations of the cell extract
and exosomes were assayed using the BCA protein assay
kit (Thermo). The membranes with separated, and transferred protein was incubated with primary antibodies
against Calnexin (Santa Cruz), TSG 101 (Abcam), CD63
(Abcam), CD9 (Abcam) and Actin (Abcam) at 4 °C for 12 h.
HRP-conjugated secondary antibodies (Santa Cruz) were
added to the bands and then detected using the ECL system.
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The number and size of exosomes were directly tracked
using the Nano platform (iZON Science). First, particles of
known size were used to calibrate the NP100 nanopores of
the measuring system and exosomes were then diluted with
PBS to the proper concentration and added to the nanopores
for measurement. Particle size and count measurements were
performed using a particle analyzer and the Control Suite
software.
miRNA overexpression and knockdown. To achieve
miRNA over-expression and knockdown, miRNA mimics
and inhibitors were used, respectively. Synthetic miRNA
mimics and inhibitors were purchased from Ruibo. Cells
were seeded in suitable plates and after reaching 80% confluency, Lipofectamine 3000 (Invitrogen) was used for transfection. Six hours later, the culture medium was changed from
opti-MEM to RPMI-1640 containing 2% FBS.
RNA isolation and QPCR. TRIzol (Invitrogen)
isolated total RNA from cells and exosomes and QPCR
was performed to detect the miRNA levels using TaqMan
miRNA probes. After the reaction, we used fixed threshold
settings to calculate cycle threshold (CT) data. The mean CT
was calculated from the triplicate PCR results. U6 served an
internal control in the cells and in the exosomes, synthetic
peu-miR-2911 was spiked during exosomal RNA extraction
for normalization. The ratio of miR-19b to U6/miR-2911
was determined by equation 2–ΔΔCT, which means that
ΔΔCT =(CT miR-19b–CT control)sample – (CT miR-19b–CT control)control.
Statistical analysis. All western blotting and EdU assay
images are representative of at least three independent experiments. QPCR and CCK-8 were performed in triplicate, and
each experiment was repeated at least three times. The results
are presented as the mean ± SD and differences between
groups were calculated by Student’s t-test, with p<0.05 statistically significant.
Results

Figure 1. Effects of oxaliplatin on the proliferation of sw480 cells. A) The
chemical structure of oxaliplatin. B) Oxaliplatin decreases cell proliferation in a dose-dependent manner. C) Oxaliplatin decreases cell proliferation in a time-dependent manner. D) Oxaliplatin does not change cell
morphology.

Oxaliplatin inhibits proliferation of sw480 cells. Figure
1A shows the chemical structure of oxaliplatin. Different
concentrations of oxaliplatin, ranging from 0 μM to 100 μM,
were used to treat sw480 cells for 48 h (Figure 1B), and the
results showed that the IC50 of oxaliplatin in sw480 cells was
20.14±1.04 μM. We used 20 μM oxaliplatin to treat cells for
0 h, 12 h, 24 h, 36 h, 48 h and 60 h. We found that oxaliplatin
inhibited the proliferation of sw480 cells in a time-dependent
manner (Figure 1C). Oxaliplatin changed both cell numbers
and the morphology of sw480 cells (Figure 1D).
Exosome isolation and verification. To isolate the
exosomes that cells secreted into the culture medium,
we centrifuged as in Figure 2A. Western blot was used to
evaluate the purity of exosomes. Figure 2B showed that
the exosomes secreted from sw480 cells present exosome
markers, including TSG101, CD63 and CD9, whereas the
exosome negative marker Calnexin was only identified in
total cellular lysates; thus indicating the acceptable purity of
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Figure 2. Isolation and characterization of exosomes. A) Protocol of exosomes isolation from cell culture medium. B) Western blot of cell and exosomes. C) The diameter distribution of exosomes.

exosomes isolated by our procedure. We also detected the
diameters of exosomes and found that they generally ranged
from 75 to 250 nm, with an average mode size of 105±3.5 nm
(Figure 2C).
Exosomal miR-19b participates in oxaliplatin sensitivity. Based on the results of Fang et al. [22], 10 miRNAs were
selected, and QPCR was used to analyze the differences in
levels between untreated sw480 cells and sw480 cells treated
with 20 μM oxaliplatin for an extended period [21]. miR-19b
was the miRNA which attracted our attention (Figure 3A),
because our previous studies proved that miR-19b functions
as an oncogene in lung cancer and breast cancer [23], and
miR-19a also functions similarly in colorectal cancer [24].
We used Targetscan, miRDB, PITA and miRanda to
predict the target genes of miR-19b. There were 4,452 genes
in miRanda, 514 genes in miRDB, 5,574 genes in PITA and
3,107 genes in Targetscan. Of these, only 437 genes were
found in all four databases (Figure 3B). The DAVID database
was used to analyze the enrichment for target genes [25].
Overall, 77 GO terms and 20 KEGG pathways were revealed,
according to false discovery rate (FDR) <0.05. The top 10
enriched GO terms based on FDR for miR-19b targets are
shown in Figure 3C. Most target genes related to protein
binding, intracellular membrane-bound organelles and
calcium ion binding. A count number greater than 2 and a

p-value less than 0.05 were set as the cut-off values in the
KEGG enrichment analysis. The top ten signal pathways are
shown in Figure 3D.
miR-19b inhibits sw480 cell oxaliplatin sensitivity. To
detect the role of miR-19b in oxaliplatin sensitivity, we overexpressed or knocked down miR-19b in sw480 cells. As anticipated, the miR-19b levels in sw480 cells were increased by
the miR-19b mimic and decreased by the miR-19b inhibitor
(Figure 4A). Compared with the control, miR-19b mimics
suppressed oxaliplatin sensitivity, whereas miR-19b inhibitors promoted sensitivity (Figure 4B). In addition, we used
the EdU assay to test the proliferation of cells, and it showed
similar results to those in the CCK8 assay (Figure 4C).
Gw4869 suppresses the oxaliplatin sensitivity of sw480
cells by decreasing exosomal miR-19b release. Figure 5A
shows the chemical structure of gw4869. We used 10 μM
gw4869 to treat cells and found that it significantly inhibits
the release of exosomes (Figure 5B) with a similar particle
size distribution (Figure 5C). We then used gw4869 to treat
sw480 cells under different concentrations of oxaliplatin and
found that the IC50 of sw480 was increased (Figure 6A).
The EdU assay also showed that gw4869 could suppress the
oxaliplatin sensitivity of sw480 cells (Figure 6B). At the same
time, we used QPCR to detect the level of miR-19b in cells
and exosomes and found that gw4869 increases intracel-
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Figure 3. Profiling of exosomal miRNA expression and the bioinformatics analysis of miR-19b. A) QPCR of the level of ten miRNAs in cells. B) Prediction of miR-19b target genes. C) GO analysis. D) KEGG pathway analysis. ***, p<0.001.

lular levels of miR-19b (Figure 6C) while
decreasing the exosomal miR-19b levels
(Figure 6D). To further understand the
role of miR-19b and gw4869 in oxaliplatinregulation, we used gw4869 to treat sw480
cells transfected with the miR-19b mimic.
We found that co-treating cells by miR-19b
mimic and gw4869 had a better effect on
suppressing oxaliplatin sensitivity than
individual use (Suppl. Figure 1).
Discussion

Figure 4. Function of miR-19b in regulating oxaliplatin sensitivity. A) QPCR of miR-19b
level in cells transfected with miR-NC, miR-19b mimic, inhibitor NC and miR-19b inhibitor.
B) The IC50 of transfected cells. C) The EdU assay of transfected cells with 20 μM oxaliplatin.
Left, representative image; right: quantitative analysis. ***, p<0.001.

Exosomes can be released from almost all
living cells into the extracellular space and
then influence other cells. Recent studies
have shown that chemotherapy can influence the secretion of exosomes in tumors,
resulting in the transfer of contents to the
surrounding cells and altering their sensitivity to chemotherapy [26, 27]. To isolate
exosomes from cell culture medium, we
used ultracentrifugation, an exosome isolation kit (Life technology) and ExtraPEG
[28]. Considering the purity, cost and
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academic recognition of the techniques, we finally chose
ultracentrifugation to isolate exosomes (data not shown).
By depleting cell debris and larger vesicles, we obtained
relatively pure exosomes identified by Western blot and
particle size analysis.
We verified a series of differentially expressed miRNAs
related to drug sensitivity by QPCR, and miR-19b showed
the most obvious changes in all the differentially expressed
miRNAs. Our previous studies made us particularly interested in miR-19b miRNA which is part of the miR-17-92
miRNA cluster and involved in regulating many kinds of
cancers.
We have previously proven that miR-19a and miR-19b can
suppress MTUS1 to promote lung cancer cell proliferation
and migration [22]. Further, miR-19b promotes tumor development in breast cancer by suppressing PTPRG [23] and
regulates TIA1 and promotes cell proliferation and migration
in colorectal cancer [24]. However, being oncogenic does
not necessarily mean that it will promote drug resistance.
Therefore, herein we showed for the first time that miR-19b
suppresses sw480 cell sensitivity to oxalyplatin.
To investigate the role of miR-19b in drug sensitivity, we
used bioinformatics to predict its target genes and pathways.
Of the top ten pathways of GO enrichment, axon guidance,
adrenergic signaling in cardiomyocytes and thyroid hormone
synthesis may not be directly related to drug sensitivity in
cancer; and especially perhaps in colorectal cancer. Endocytosis affects the intracellular uptake of certain kinds of drugs
[29] and the cGMP-PKG and cAMP signaling pathways
affect cancer cell proliferation and differentiation.
Further, the TNF signaling pathway affects cell senescence and apoptosis. However, ABC transporters, including
ABCA1/ABCB7/ABCD3 and ABCC9 have important roles
in multi-drug resistance; with over-expression of ABC transporters on the plasma membrane a classic mechanism conferring cancer drug resistance [30]. The Hedgehog signaling
pathway could also stimulate the survival of colorectal cancer
cells [31], because its activation is essential for stem cell
survival and expansion [32].
Gw4869 is a nSMase 2 (neutral sphingomyelinase 2) small
molecule inhibitor which regulates ceramide levels through
sphingomyelin hydrolysis. This then affects exosome release
by triggering MVB inward budding [33]. We confirmed that
gw4869 could suppress the secretion of exosomes in sw480
cells and then showed that gw4869 down-regulates sensitivity to oxaliplatin in these cells. While gw4869 treatment
down-regulated cellular miR-19b levels the exosomal levels
were up-regulated by oxaliplatin. With increased miR-19b
maintained inside the cell to combat drug sensitivity, sw480
could survive and grow under pressure from oxaliplatin.
However, the specific molecular regulation mechanism of
exosomal miR-19b release remains a fascinating question. In
addition, due to various restrictions, we used only miR-19b
in our research, and we are sure that other exosomal miRNAs
can also regulate drug sensitivity.
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Figure 5. Gw4869 reduces exosome secretion. A) The chemical structure
of gw4869. B) The diameter distribution of exosomes treated by 10 μM
gw4869. C) The concentration of exosomes treated by gw4869. **, p<0.01.

Figure 6. Gw4869 reduces oxaliplatin sensitivity of sw480 cells by suppressing exosomal miR-19b secretion. A) The IC50 of cells treated with
gw4869. B) The EdU assay of cells treated with gw4869 and 20 μM oxaliplatin. Left, representative image; right: quantitative analysis. C) QPCR
analysis of miR-19b level in cells. D) QPCR analysis of miR-19b level in
exosomes. ***, p<0.001

Finally, our combined results indicate for that first time,
that gw4869 regulates sw480 cell oxaliplatin sensitivity by
suppressing exosomal miR-19b release. This method could
provide a novel mechanism for overcoming the drug resistance encountered in colorectal cancer.
Supplementary information is available in the online version
of the paper.
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Supplementary Figure 1. The effect of co-treatment by miR-19b mimic and gw4869. A) The IC50 of cells treated with gw4869. B) The EdU assay of cells
treated with gw4869 and 20 μM oxaliplatin. Left, representative image; right: quantitative analysis. *, p<0.05. **, p<0.01.

