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Abstract

Epithelial-mesenchymal transition (EMT) is a key step in tumor invasion and distant metastasis. Abundant evidence has
documented that exosomes can mediate EMT of tumor cells and endow them with the ability of invasion and migration. However,
there are few studies focusing on whether EMT can reverse the secretion of exosomes. In this study, 2 esophageal cancer cells
(FLO-1 and SK-GT-4) were selected to compare the migration ability and EMT activation, and to further analyze the secretion
ability of exosomes of the 2 cell lines. According to the results, inhibited activation of EMT in FLO-1 cells with relatively high
migration ability could effectively reduce the secretion of exosomes. Besides, in SK-GT-4 cells, EMT activation induced by TGF-f
could promote the secretion of exosomes. FLO-| cell derived exosomes exhibited a paracrine effect of promoting the migration
of SK-GT-4 cells, and the use of EMT inhibitors could weaken this ability. Furthermore, inhibition of EMT could change the relative
content of some miRNAs in exosomes, with a particularly significant downregulation in the expression of miR-196-5p, miR-21-5p
and miR-194-5p. Significantly, artificial transfection of the 3 miRNAs into exosomes by electroporation resulted in the recovery of
migration-promoting effect of exosomes. Subsequent experiments further revealed that the effect of EMT on these miRNAs
could be explained by the intracellular transcription level or the specific sorting mechanism of exosomes. To sum up, our study
undoubtedly reveals that EMT has a regulatory effect on exosomes in the quantity and contents in esophageal cancer cells.
Significantly, findings in our study provide experimental evidence for the interaction of EMT with the secretion and sorting
pathway of exosomes, and also give a new direction for the further study of tumor metastasis.
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role in tumor cell migration/invasion and the progression of
various cancers. It is a key step in tumor cell metastasis and
a specific signaling pathway. EMT is characterized by the loss
of cell adhesion, downregulated expression of epithelial mar-
kers such as E-cadherin and B-catenin and upregulated expres-
sion of interstitial markers such as N-cadherin and vimentin,
with enhanced abilities of cell movement and invasion.® The
progression of tumor EMT is attributed to the internal and
external factors or both. Meanwhile, increasingly more atten-
tion has been paid to the role of miRNA in the intracellular and
extracellular signaling pathways of EMT.*¢

MicroRNA (miRNA) is a kind of small non-coding endo-
genous RNA molecules which is about 22nt in length. miRNA
can inhibit target mRNA translation or promote its degradation
by binding 3’-untranslated region (3’-UTR) of target mRNA at
post-transcriptional level, thus realizing negative regulation of
target gene. Current research has found many miRNAs to be
involved in the regulation of EMT. Most of the miRNAs that
inhibit EMT share similarity of decreased expression in tumor
cells, which leads to the occurrence of EMT. However, re-
expression of such miRNA can inhibit this process by directly
or indirectly inhibiting the expression of EMT related
transcription factors such as ZEB, SNAIL, TWIST, SLUG,
etc.”'” Conversely, there must be some miRNAs that can pro-
mote EMT through other mechanisms. For instance, comple-
mentary sites exist between miR-9 and 3’-UTR of E-cadherin
mRNA. In addition, stable transfection of miR-9 in human
esophageal adenocarcinoma cell lines HKESC1 and KYSE410
resulted in a decrease in E-cadherin expression at both RNA
and protein levels.'" In liver cancer, miR-9 can promote EMT
as well as invasion and metastasis of liver cancer cells by acting
on KLF17.'> Meanwhile, miR-21 inhibits the expression of
PTEN and human sulfatase-1 (hSulf-1) in liver cancer cells,
which leads to the activation of AKT/ERK pathway and the
occurrence of EMT."? In addition, miR-21 can also promote the
occurrence and progress of tumor EMT in cholangiocarcinoma
and clear cell renal cell carcinoma.'*!'> miR-373 can down-
regulate thioredoxin-interacting protein (TXNIP), which
increases reactive oxygen species (ROS) production, activates
the TWIST signal regulation axis of hypoxia inducible factor-1
(HIF-1) and thus induces EMT.'® Moreover, in A549 and
NCIH1650 cell lines, overexpression of miR-214 also pro-
motes the development of EMT in lung adenocarcinoma
cells."”

Exosomes are nano-sized vesicles with lipid bilayer struc-
ture released by cells through efflux, with diameters ranging
from 30 to 150 nm. Multiple cells have been discovered to
possess the ability to secrete exosomes, such as B cells, epithe-
lial cells, fibroblasts, a variety of tumor cells, etc. 18 Meanwhile,
exosomes have been identified to carry a wide variety of pro-
teins, lipids, nucleic acids and other active substances, which
are obviously engaged into information exchange and material
transfer among cells. It has been demonstrated that various
proteins and miRNAs in exosomes participate in EMT process
of tumor cells, exerting significant impact on the ability of
tumor invasion and metastasis.'”*' The occurrence of EMT

exhibits a strong association with exosomes, and the majority
of the current studies focus on the promotion or inhibition of
exosomes on EMT, revealing generous exosome/miRNA/EMT
regulatory pathways. However, considering the presence of
mutual influence, we are wondering whether the occurrence
or inhibition of EMT will reverse the secretion of exosomes
and the relative content of active substances. Accordingly, the
present study was carried out with the purpose to explore the
reverse regulation of exosomes by EMT in esophageal cancer
cells.

Materials and Methods
Cell Culture and Reagents

Human esophageal adenocarcinoma cell lines (FLO-1 and SK-
GT-4) were obtained from the Cell Resource Center, Peking
Union Medical College. SK-GT-4 cell line was cultured in
RPMI-1640 medium (Gibco, Grand Island, New York, USA)
whereas Flo-1 was cultured in DMEM medium (Gibco) sup-
plemented with 10% (v/v) fetal bovine serum (FBS; Invitro-
gen), 100 U/ml penicillin G, and 100 mg/ml streptomycin
sulfate (Sigma-Aldrich) at 37°C with 5% CO,. EMT pathway
related inhibitors: ML327 (C19H;g§N4O4, Med Chem Express,
USA) and EMT inhibitor-1 (C;,H;,CILN,O, S, Med Chem
Express).

Exosomes Extraction

Cells were cultured in indicated medium supplemented with
10% exosome-depleted FBS for 48 h. Exosomes in the culture
supernatant were prepared using the ExoQuick-TC kit (System
Biosciences, Mountain View, CA, USA) as described by the
manufacturer. In general, the medium was centrifuged for
15 min at 3000 g to remove apoptotic cells and cell debris.
After adding 3.3 ml of the exosome-precipitating solution to
each 10 ml of the culture supernatant, the cells were refriger-
ated overnight, and then the mixed liquid was centrifuged at
10000 g for 30 minutes, and the supernatant was discarded; the
separated exosomes were suspended in PBS, stored at —80°C
or used directly.

Exosome Quantification

Nanoparticle tracking analysis (NTA) was employed to check
the prepared exosome samples. Briefly, exosomes re-
suspended in 50 pL. PBS were further diluted to 300-fold to
achieve between 20 and 100 objects per frame and detected by
NanoSight NS-300 (Malvern Panalytical, Malvern, UK). Each
sample was measured in triplicate through the camera with an
acquisition time of 30 s and the detection threshold was setting
at 3. At least 200 completed were analyzed in each video. NTA
2.3 software was used to capture and analyze the result.
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Scanning Electron Microscopy (SEM)

Exosome morphology was examined using Scanning Electron
Microscopy. Pellets were fixed in 2% paraformaldehyde and
1% glutaraldehyde (Sigma). The sample was applied to a con-
tinuous carbon grid, washed in distilled H,O, then dehydrated,
left to dry, and observed using SEM (Hitachi SU 6600) at
20kV. Image J software was used for analysis.

miRNA Loading Into Exosomes by Electroporation

Briefly, exosome pellet was resuspended in PBS 0.1x and
gently mixed with the appropriated pl of miRNA (10nM) in
a final volume of 400 pl into 0.4 cm electroporation cuvettes.
Exosomes were then electroporated using a Gene Pulser II
Electroporator (Bio-Rad, Hercules, CA, USA), at 300 V and
25 uF of capacitance. Lastly, exosomes were incubated in ice
for 30 min to allow the exosome membrane to be fully restored.
To get rid of free nucleic acids, exosomes were diluted with
cold PBS and isolated again by ultracentrifugation at 120,000 g
for 90 min at 15°C.

Protein Preparation and Western Blot

Total exosomic and cellular protein was extracted using RIPA
lysis buffer (Beyotime Institute of Biotechnology, Beijing,
China). The protein concentrations of cell and exosome lysates
were determined using BCA protein assay kit (Beyotime Insti-
tute of Biotechnology, Beijing, China). For Western blot anal-
yses, the cellular and exosomic proteins (10 pg/well) were
separated by electrophoresis in 10% sodium dodecylsulfate-
polyacrylamide gel electrophoresis, transferred to polyvinyli-
dene difluoride membrane (Amersham, Buckinghamshire,
UK). The membrane was blocked with 5% skimmed milk in
TBS-T (10 mM TrisCl, pH 8.0, 150 mM NacCl, 0.5% Tween 20)
at 4°C overnight, rinsed 3 times (10 min/time) with TBS-T,
followed by 3 h incubation at room temperature with the spe-
cific primary antibodies, followed by 1 h incubation with the
second antibody. ECL developer (Thermo Scientific) was
added and exposure imaging was performed by Odyssey gel
imaging system. The specific antibodies to E-cadherin
(ab1416), N-cadherin (ab76011), Vimentin (ab92547), Snail
(ab216347), CD81 (ab109201), HSP70 (ab181606), TSG101
(ab125011), Calnexin (ab133615), were purchased from
Abcam (Cambridge, UK). B-actin antibody (#4970) was
acquired from Cell Signaling Technology (Danvers, MA,
USA).

miRNA Sequencing

Exosomes were resuspended in 500 pL of Trizol (Invitrogen,
CA, U.S) for high-throughput miRNA sequencing (Gx-health
Biotech, Beijing, China). Briefly, total RNA was extracted and
the A260/A280 ratio measured using a NanoDrop ND-1000
(Thermo Fisher Scientific, Waltham, MA, USA). All samples
had an A260/A280 ratio >1.8. The miRNA sequencing library
was established and the quality assessed using an Agilent 2100

Bioanalyzer (Agilent Technologies, Santa Clara, CA). The
library was denatured and the single-stranded DNA molecules
captured on Illumina flow cells. DNA was then amplified in
situ as clusters and amplified for 50 cycles on an Illumina
HiSeq sequencer according to the manufacturer’s instructions.

Quantitative RT-PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen).
Reverse transcription of cDNA was carried out using a Rever-
tAid First Strand cDNA Synthesis Kit (Thermo Scientific, CA,
U.S.). Pri-miRNA-specific PCR amplification was performed
with Power SYBR Green Master Mix on ABI 7500 Real-Time
PCR System (Applied Biosystems, Warrington, UK). Relative
pri-miRNAs expression was calculated with the 2~ 2" method
after normalization to GAPDH expression.

An All-in-One miRNA qRT-PCR Detection Kit (GeneCo-
poeia, MD, U.S.) was used to measure miRNA expression.
Briefly, total RNA was treated with poly A polymerase to add
poly-A tails to the 3’-end of miRNAs. M-MLV RTase, with a
universal adaptor PCR primer, was used to reverse transcribe
miRNA tailed poly-A. Then, real-time qPCR was carried out
using SYBR Green to measure microRNA expression. Intra-
cellular miRNAs and pre-miRNAs were normalized against U6
snRNA. Cel-mir-39 was used as the exogenous control for
miRNAs in exosomes. Primers for RT-qPCR sequences are
listed in Supplementary Table S1.

Migration Assays

Transwell plates (BD Biosciences) were used to analyze cel-
lular migration ability. Cells in serum-free medium were added
to the upper chamber, and medium with 20% FBS was applied
to the lower chamber. After 48 h, residual cells were removed
from the upper chamber. Cells were then fixed with methanol,
and stained with with 4’, 6-diamidino-2-phenylindole (DAPI)
(Thermo Fisher Science). After washing with PBS, the number
of cells passing through the membrane was counted under an
inverted microscope (IX71, Olympus, Japan). Three random
microscopic fields were selected for statistical analysis.

CCK-8 Assay

Cell proliferation capacity was measured using the CCK8
assay. The digested cells, 3 x 10> cells/well, were seeded into
the 96-well plate. Incubate in a 5% CO, incubator at 37°C for
various time points, discard the original culture medium, add
100 pl of the mixture of CCKS8 reagent (DoJinDo Laboratories,
Japan) and medium at the ratio of 1:9, and incubate in the
incubator for additional 1 hour. The absorbance values of
450 nm wavelength were determined by enzyme labeling
instrument (Multimode Reader, PerkinElmer, USA).

Statistical Analysis

All data were processed by SPSS21.0 software and expressed
as mean + SD, and Shapiro-Wilk (W) normality test was
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Figure 1. Analysis of differences in migration ability of 2 types of esophageal carcinoma cells (FLO-1 and SK-GT-4). A, Cell migration ability
was tested by the transwell cell migration assay (magnification, 200x). B, The quantifications of cell migration were presented by the histogram.
C, Western blot of EMT markers and MMP9 in FLO-1 and SK-GT-4 cells. D, CCK-8 was used to detect cell viability at different time points.
Data are the means + SD of 3 independent experiments. *P < 0.05 and **P < 0.01 versus control.

carried out. For non-normally distributed data, the nonpara-
metric Wilcoxon signed-rank test was used to evaluate the
statistical differences between groups. When the data were
close to normal distribution, one-way ANOVA was used to
compare multiple sets of data, and LSD method was used to
analyze the multiple comparisons of means. P < 0.05 was con-
sidered to be statistically significant.

Results

Comparison of Migration Ability Between Different
Esophageal Cancer Cells

Two esophageal cancer cells, FLO-1 and SK-GT-4, were
selected firstly for subsequent experiment. Cell migration test
showed that the migration ability of FLO-1 cells was signifi-
cantly higher than that of SK-GT-4 cells (Figure 1A and B).
Considering the intimate association of EMT pathway with
tumor invasion and metastasis, our experiment was continued
to compare the relative expression levels of EMT related mar-
kers in the 2 cells. Corresponding results revealed no signifi-
cant difference in the expression of epithelial-like cell marker
E-cadherin between FLO-1 and SK-GT-4 cells, but the relative
expression levels of mesenchymal-like cell markers
N-cadherin, Vimentin and Snail were significantly higher in
FLO-1 cells than those in SK-GT-4 cells (Figure 1C).

Correlation Between EMT and Exosome Secretion
of Esophageal Cancer Cells

Subsequent experiment focused on the exosome secretion
characteristics of the 2 cells. Exosomes derived from the 2
cells had typical exosomes marker proteins (HSP70, CDS81
and TSG101), yet with the absence of endoplasmic reticulum
marker Calnexin (Figure 2A). Meanwhile, according to the
results of electron microscopy, no obvious difference was
found in the morphology of exosomes derived from the 2 cells
(Figure 2B). Interestingly, there was a significant difference
in the number of exosomes derived from FLO-1 and SK-GT-4
cells. Specifically, the number of exosomes secreted by FLO-
1 cells was much higher than that by SK-GT-4 cells in the
same period of time (Figure 2C). We hence proposed a
hypothesis that if the secretion capacity of exosomes associ-
ated with EMT activity.

In FLO-1 cells, with the use of 2 EMT pathway related
inhibitors (ML327 and EMT inhibitor-1), there were effective
reduction of the expression of EMT marker proteins
N-cadherin, Vimentin and Snail, while increase of the relative
content of E-cadherin (Figure 3A). Meanwhile, the migration
ability of FLO-1 cells was also significantly downregulated by
ML327 and EMT inhibitor-1 (Figure 3B and C). Moreover, the
use of EMT inhibitors led to an obvious decrease in the number
of exosomes secreted by FLO-1 cells (Figure 3D). In contrast,
the classical TGF-B induced EMT activation scheme was
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Figure 2. Exosome characterization of 2 laryngeal carcinoma cells (FLO-1 and SK-GT-4). A, Expression of the exosome markers confirmed by
Western blot. B, Representative SEM micrographs of exosomes (Exo) purified from the indicated cells. C, Exosome concentrations were
quantified by NTA. The relative exosome concentration was normalized to the cell number. **P < 0.01.
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Figure 3. EMT inhibitor reduced exosome secretion in FLO-1 cells. A, Western blot detection of the relative expression of EMT marker proteins
following FLO-1 cell treatment with ML327 (5 pM) and EMT inhibitor-1 (5 uM) for 24 h. B, Transwell cell migration test of FLO-1 cell
migration ability in each group (magnification, 200 x). C, Histogram of the relative migration ability of cells in each group. D, NTA detection of
the secretion concentration of exosomes in FLO-1 cells of each group. The relative exosome concentration was normalized to the cell number.
*P < 0.05 and **P < 0.01 versus control.

applied in SK-GT-4 cells. Consequently, it was observed that
the expression of E-cadherin was downregulated, and
N-cadherin, Vimentin and Snail were upregulated accordingly
following induction by using TGF- (Figure 4A), accompanied It is well-known that exosomes generally possess the character-
by enhanced cell migration (Figure 4B and C). Besides, the istics of the derived cells and can act on the receiving cells in the
number of exosomes secreted by SK-GT-4 after TGF-B induc-  form of paracrine. In our experiment, SK-GT-4 cells were treated
tion was also significantly higher than that of the control group ~ with exosomes derived from FLO-1 cells with relatively high
(Figure 4D). Collectively, all of these results support a positive  migration ability. The results showed that the FLO-1 exosomes
correlation between EMT pathway and the number of exo- could improve the migration ability of SK-GT-4 cells (Figure SA
somes secreted in esophageal cancer cells. and B). However, the exosomes derived from FLO-1 cells treated

Impact of EMT on the Function and Contents
of Exosomes
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Figure 4. TGF-p induced EMT activation promoted exosome secretion of SK-GT-4 cells. A, Western blot detection of the relative expression of
EMT marker proteins following SK-GT-4 cell treatment with TGF-f (5 ng/ml) for 24 h. B, Transwell migration test of SK-GT-4 cell migration
ability after TGF-f} induction (Magnification, 200 x ). C, Histogram for the quantification of the relative migration ability of cells in each group.
D, NTA detection of the secretion concentration of exosomes in SK-GT-4 cells of each group. The relative exosome concentration was

normalized to the cell number. **P < (0.01.

with EMT inhibitors displayed obviously weakened ability to
promote cell migration (Figure 5A and B). In the next step, the
exosomes derived from FLO-1 cells were extracted before and
after EMT inhibitor treatment. The subsequent high-throughput
sequencing results showed that the miRNAs in the 2 exosomes
were not completely identical, with evident change in the relative
content of many miRNAs (Table 1, Supplementary Table S2).
After that, quantitative PCR verified the most obvious differences
in the relative content of miR-196-5p, miR-21-5p and miR-194-
5p, yet with significant decrease in exosomes derived from FLO-1
cells treated with EMT inhibitor (Figure 6A). The 3 miRNAs
were then loaded into the exosomes of FLO-1 cells treated with
ML327 by electroporation in vitro (Figure 6B). It could effec-
tively increase the relative content of the 3 miRNAs in SK-GT-4
cells (Figure 6C), reactivate EMT pathway (Figure 6E), and par-
tially restore the migration promoting ability of exosomes (Figure
6D). On the basis of the above, it suggested that the changes of
EMT pathway not only altered the secretion quantity of exo-
somes, but also affect the contents of exosomes, thus affecting
the paracrine effect of exosomes.

The Regulatory Effect of EMT on Exosome Output
of miRNA at Multiple Levels

Why does inhibition of EMT pathway change the relative con-
tent of miRNA in exosomes derived from FLO-1 cells? Our

experiment intended to address the issue in cells fundamen-
tally. After cell treatment with ML327, the relative contents
of the initial transcription product pri-miRNA, precursor
miRNA (pre-miRNA) and mature miRNA corresponding to
miR-196-5p, miR-21-5p and miR-194-5p in cells were
detected by quantitative PCR assay. According to the results,
only pri-miR-21, pre-miR-21 and mature miR-21 were
detected to be downregulated in ML327 treated cells (Figure
7A-C), suggesting that EMT pathway can regulate the tran-
scription level of miRNA-21. However, there was no signifi-
cant difference in pri-miRNA and pre-miRNA corresponding
to miR-196-5p and miR-194-5p (Figure 7A, B), but with an
upregulation in the relative content of mature miRNA in
ML327 treated cells (Figure 7C). These results suggest that the
inhibition of EMT pathway in FLO-1 cells may result in the
inhibited exosome release of miR-196-5p and miR-194-5p.
Subsequently, cells were treated with ML327 and Actinomycin
D was used to inhibit gene transcription to exclude the differ-
ence of transcription level. No obvious difference was detected
in the relative contents of pri-miRNA and pre-mRNA corre-
sponding to miR-21 (Figure 7D and E). While the amount of
mature miR-21 increased after 4 hours of ML327 treatment
(Figure 7F), but decreased in the corresponding exosomes (Fig-
ure 7G). In other words, following the exclusion of the impact
of transcription level, inhibited EMT pathway resulted in the
suppression of exosome release of miR-21-5p as well. More
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interestingly, when C. elegans cel-miR-73 was transferred into
ML327 or DMSO treated FLO-1 cells, no significant difference
was observed in the relative content of cel-miR-73 between
ML327 treated cells and DMSO treated control cells for 4 hours
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Figure 5. The migration promoting effect of FLO-1 cell derived exo-
somes on SK-GT-4 cells. A, The exosomes from normal and ML327
treated FLO-1 cells were collected and co-cultured with SK-GT-4 cells
in the 24-well plate at the concentration of 50 pg/mL for 24 h. The
migration ability of SK-GT-4 cells in each group was detected by
Transwell migration test (Magnification, 200 ). The control group was
treated with PBS (PBS group). B, Histogram for the quantification of
the relative migration ability of cells in each group. **P < 0.01.

(Figure 7H). Similarly, there was no obvious difference in the
relative content of cel-miR-73 in its exosomes from that in the
control exosomes (Figure 71). Collectively, the aforementioned
results undoubtedly reveal that EMT pathway can affect the
emission of miRNA in exosomes selectively.

In addition, exosome biogenesis inhibitors GW4869 or
Dimethyl amiloride (DMA) significantly decreased the amount
of exosome secretion in FLO-1 cells (Figure 8A). The combi-
nation of ML327 did not enhance the inhibitory effect of
GW4869 or DMA. However, interestingly, the addition of
TGF-B could partially counteract the effect of the exosome
biogenesis inhibitors (Figure 8A). GW4869 is a potent neutral
sphingomyelinases inhibitor,”*** and DMA has the ability to
inhibit H"/Na™ (NHE 1, 2 and 3) and the Na*/Ca®" channels.**
Therefore, these results suggest that the regulation of EMT on
exosome secretion may be closely related to these pathways.
However, GW4869 or DMA could not change the relative
content of miR-196-5p miR-21-5p and miR-194-5p in exo-
somes derived from FLO-1 cells (Figure 8B). In other words,
the inhibitor mainly acted on the number of exosomes, while
EMT regulates exosome secretion in a complex multi-level
way.

Discussion

Exosomes are a part of extracellular vesicles (EVS), which
also include microvesicles and apoptotic bodies. Microvesi-
cles and apoptotic bodies are produced directly by the bud-
ding of the cell membrane. Differently, the formation of
exosomes is as follows: after invagination of cell membrane,
endosomes are formed through a series of complicated pro-
cedures. Endosomes then limit the formation of multiple
invagination, resulting in budding inward to form intralum-
inal vesicle (ILV), and form multivesicular bodies (MVBs),
which consequently fuse with the plasma membrane and are
secreted outside the cell.? Epithelial cells transform from
polar epithelioid cells to mesenchymal-like cells during

Table 1. Expression of MiRNAs in Exosomes Derived From FLO-1 Cells With or Without ML327 Treating.”

miRNA ML327 treated Control log2 (Fold_change) Upregulated/downregulated
hsa-miR-196b-5p 0.191403 70.84662 —8.53 Down
hsa-miR-21-5p 7359.494 788725.3 —6.74 Down
hsa-miR-194-5p 100.4664 10120.95 —6.65 Down
hsa-miR-223-3p 1.386408 70.84662 —5.68 Down
hsa-miR-409-3p 1.228773 40.48378 —5.04 Down
hsa-miR-4772-3p 0.700832 22.90906 —5.03 Down
hsa-miR-24-2-5p 0.419983 13.54665 —5.01 Down
has-miR-27b-3p 25.80822281 4.767249547 2.44 Up
hsa-miR-503-5p 131.6829076 20.32476343 2.70 Up
has-miR-22-3p 52.67316302 5.852618778 3.17 Up
hsa-miR-409-5p 24.96976269 2.756936794 3.18 Up
hsa-miR-500a-5p 21.87350561 2.289812556 3.26 Up
hsa-miR-149-5p 20.34715019 1.409098072 3.85 Up
has-miR-203-5p 20.21623025 1.332273364 3.92 Up

*Upregulated/downregulated, in the ML327 treated exosomes as compared to the control exosomes. Only the top 14 miRNAs with the most significant differences

are listed (log2 > 2 or < —5).
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Figure 6. The regulatory effect of EMT on the paracrine effect of promoting migration by changing the relative content of miRNA in exosomes
derived from FLO-1 cells. A, Quantitative PCR verification of the differential expression of miRNAs in exosomes derived from FLO-1 cells
treated with ML327. B, Transfection of miR-196-5p, miR-21-5p and miR-194-5p into the exosomes derived from FLO-1 cells treated with

ML327 by electroporation to prepare exosomes rich in the 3 miRNAs. Quantitative PCR was used to detect the relative content of the 3 miRNAs
in exosomes. C, Detection of the relative contents of the 3 miRNAs after co-incubation of exosomes in each group with SK-GT-4 cells for 6
hours. D, Western blot detection of the relative expression of EMT marker proteins after co-incubation of exosomes in each group with SK-GT-4

cells for 24 hours. E-F, Transwell migration assay detection of the migration ability of SK-GT-4 cells after the treatment of exosomes
(magnification, 200x). Exo, exosomes derived from FLO-1 cells; ML327-Exo, exosomes derived from FLO-1 cells treated with ML327;
ML327-Ex0-ET, exosomes rich in miR-196-5p, miR-21-5p and miR-194-5p prepared by electroporation from ML327-Exo’; ET, electro-
poration. Comparisons among groups were determined by one-way ANOVA with Tukey post-hoc analysis. *P < 0.05 and **P < 0.01.

EMT. At present, it is still unclear with respect to the issue of
whether the proposed depolarization will have an impact on
the fusion of MVBs with plasma membrane, and then affect
the secretion of exosomes. In this study, 2 esophageal cancer
cell lines of FLO-1 and SK-GT-4 with different migration
ability were selected for subsequent exploration (Figure 1).
Consequently, it was found that FLO-1 cells with high migra-
tion ability had a higher quantity of exosomes simultaneously.

While the number of exosomes decreased in FLO-1 cells
when EMT inhibitors were used to weaken EMT pathway.
Similarly, TGF- was used to induce the activation of EMT
pathway and it resulted in increased number of exosomes
released from SK-GT-4 cells. These results undoubtedly sup-
port that the activation of EMT pathway may have a positive
correlation with the ability of exosomes release in esophageal
cancer cells.
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Figure 7. The regulatory effect of EMT on exosome output of miRNA at multiple levels in FLO-1 cells. A-C, Quantitative PCR detection of the
relative content of pri-miRNA, pre-miRNA and mature miRNA corresponding to miR-196-5p, miR-21-5p and miR-194-5p after FLO-1 cell
treatment with ML327. D-E, Quantitative PCR detection of the relative content of pri-miR-21 and pre-miR-21 in cells of the ML327 treatment
group and DMSO control group following FLO-1 cell treatment with Actinomycin D (10 mg/L). F-G, Quantitative PCR detection of the relative
content of miR-21-5p in cells and exosomes of the ML327 treatment group and DMSO control group following FLO-1 cell treatment with
Actinomycin D. H-I, Quantitative PCR detection of the content difference of cel-miR-73 in cells and exosomes of the ML327 treatment group
and DMSO control group following pre-transfection of cel-miR-73 (20nM) into FLO-1 cells for 4 hours. *P < 0.05 and **P < 0.01.

It is generally believed at present that exosomes are mainly the formation of exosomes. Furthermore, cells can also generate

formed by endosome sorting complex required for transport
(ESCRT) dependent and ESCRT independent pathways.26 Dur-
ing the formation of exosomes, ESCRT recruits ubiquitinated
proteins to plasma membrane, which in turn promotes MVB to
release its intracellular ILV into the extracellular domain. ESCRT
contains 4 different complexes and related accessory proteins. To
be specific, ESCRT-0 can recognize and recruit most of the
proteins, while ESCRT-I and ESCRT-II induce bud formation,
and ESCRT-III is responsible for promoting vesicle separation.>’
In addition, accessory proteins (VTAI1, ALIX, VPS4, etc.), VPS4
in particular, promote the continuous separation and rebinding of
ESCRT.? Clearly, these substances play their respective roles in

ILV and MVB by ESCRT independent mechanism, including
transmembrane 4 superfamily molecules or heat-shock protein
(HSP). Trajkovic et al for the first time confirmed that the for-
mation of exosomes was independent of the mechanism of
ESCRT. When ESCRT was knocked down in their experimental
model, it was found that exosomes containing proteolipid protein
(PLP) could form normally.?® Kosaka et al applied nSMase inhi-
bitor GW4869 to HEK293 cells, which could reduce the secre-
tion of PLP exosomes, independent of ESCRT but dependent on
the synthesis of ceramide.>° Furthermore, Miller et al observed
that the changes of ESCRT components can affect the output of
TGF-P signal, alter the sensitivity of cells to ligands in
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Figure 8. Functional analysis of exosome biogenesis inhibitors in FLO-1 cells. A, FLO-1 cells were treated with exosome biogenesis inhibitors
GW4869 (10 uM) or DMA (10 pg/ mL), supplemented with TGF-B (5 ng/ mL) or ML327 (5 uM). Exosome concentration of the cell culture
supernatant was confirmed by NTA. Relative exosome concentration was normalized to the cell number. B, Quantitative PCR was used to detect
the relative content of the 3 miRNAs in exosomes derived from FLO-1 cells treated with GW4869 (10 uM) or DMA (10 pg/ mL) for 24 h.
Comparisons among groups were determined by one-way ANOVA with Tukey post-hoc analysis. *P < 0.05 and **P < 0.01.

microenvironment, and hence drive EMT.?! In accordance with
the above interpretation, there may be an interaction between
ESCRT pathway and EMT, which, however, does not indicate
that EMT can regulate the secretion of exosomes through
ESCRT. With respect to the above, it is still unclear whether
EMT affects the ESCRT dependent or independent pathway of
exosome formation, which is worthy of further study.

Our study also indicated that EMT could change not only the
number of exosomes, but also their contents. Inhibition of EMT
in FLO-1 cells lead to the alteration of the relative content of
many miRNAs in exosomes. Generally, EMT pathway involves
multiple important transcription factors, including ZEB, SNAII,
TWIST, SLUG, etc. These transcription factors are regulated
targetedly by related miRNAs, and regulate the transcription
of related miRNAs simultaneously, resulting in a high possibility
of forming a feedback regulatory loop. For example, miR-200/
ZEB is a classical dual negative regulatory feedback loop.
ZEB1/2 can induce EMT by inhibiting various epithelial genes.
While miR-200 can target and inhibit ZEB1/2 to promote epithe-
lial differentiation. On the other hand, the common promoter
region of miR-200 family members contains highly conserved
ZEB binding sites through which ZEB inhibits the transcription
of miR-200 family.** Similarly, there is a negative feedback loop
between miR-203 and SNAI1.** In our study, it was found that
the inhibition of EMT pathway led to the downregulation of
miR-21 at transcription level, suggesting a positive regulation
of EMT on miR-21. While the process of EMT of SK-GT-4 cells
was promoted through miR-21 in exosomes derived from FLO-1
cells. All the above results suggest a dual positive feedback
pathway between EMT and miR-21. However, it shall be noted
that not all miRNA differences in exosomes are from the tran-
scriptional regulation of EMT. Findings in our study revealed
that EMT displayed none obvious impact on the transcription
levels of miR-196-5p and miR-194-5p, suggesting that there
may be other pathways for EMT to regulate the relative content

of miRNA in exosomes, not only at the cellular transcription
level. And interestingly enough, the inhibition of EMT or not
exerted no influence in exosome secretion of C. elegans cel-
miR-73 transfected into cells artificially. There are many issues
to be addressed currently, for example, whether the exosomes of
esophageal cancer cells are specific for miRNA sorting, genus-
species specific or sequence-specific (if any), and how EMT
affects these sorting mechanisms? The preliminary results of our
study are insufficient to clearly explain the specific relationship
between EMT and miRNA release in exosomes, which requires
to be clarified in future.

To sum up, the present study confirms that EMT can regulate
exosomes in esophageal cancer cells, which involves the changes
of the quantity and contents of exosomes. Findings in our study
provide experimental evidence for the interaction of EMT with
exosomes secretion and sorting pathway, and also offer a new
direction for the research of tumor metastasis in future.

Authors’ Note

Hongjing Jiang and Chuangui Chen conceived and designed the
experiments. Chuangui Chen analyzed and interpreted the results of
the experiments, Chuangui Chen and Zhao Ma performed the experi-
ments. All data generated or analyzed during this study are included in
this published article. Written informed consents were obtained from
all the participants. No animal or human experiments were used in this
study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Key Clinical Specialist Construction
Programs of China (No. 2013-544).



Chen et al

ORCID iD

Hongjing Jiang, MD

https://orcid.org/0000-0002-2703-1080

Supplemental Material

Supplemental material for this article is available online.

References

1.

10.

11.

12.

13.

14.

15.

16.

Das V, Bhattacharya S, Chikkaputtaiah C, Hazra S, Pal M. The
basics of epithelial-mesenchymal transition (EMT): a study from
a structure, dynamics, and functional perspective. J Cell Physiol.
2019. doi: 10.1002/jcp.28160

. Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal

transition. J Clin Invest. 2009;119(6):1420-1428.

. Lamouille S, Xu J, Derynck R. Molecular mechanisms of

epithelial-mesenchymal transition. Nat Rev Mol Cell Biol.
2014;15(3):178-196.

. Cantini L, Bertoli G, Cava C, et al. Identification of microRNA

clusters cooperatively acting on epithelial to mesenchymal transi-
tion in triple negative breast cancer. Nucleic Acids Res. 2019;
47(5):2205-2215.

. Ashrafizadeh M, Hushmandi K, Hashemi M, et al. Role of micro-

RNA/epithelial-to-mesenchymal transition axis in the metastasis
of bladder cancer. Biomolecules. 2020;10(8):1159.

. Petri BJ, Klinge CM. Regulation of breast cancer metastasis sig-

naling by miRNAs. Cancer Metastasis Rev. 2020;39(3):837-886.

. Zaravinos A. The regulatory role of microRNAs in EMT and

cancer. J Oncol. 2015;2015:865816.

. Musavi Shenas MH, Eghbal-Fard S, Mehrisofiani V, et al. Micro-

RNAs and signaling networks involved in epithelial-
mesenchymal transition. J Cell Physiol. 2019;234(5):5775-5785.

. Yang CX, Sedhom W, Song J, Lu SL. The role of microRNAs in

recurrence and metastasis of head and neck squamous cell carci-
noma. Cancers (Basel). 2019;11(3):395.

Legras A, Pécuchet N, Imbeaud S, et al. Epithelial-to-
mesenchymal transition and microRNAs in lung cancer. Cancers
(Basel). 2017;9(8):101.

Ma L, Young J, Prabhala H, et al. MiR-9, a MYC/MYCN-
activated microRNA, regulates E-cadherin and cancer metastasis.
Nat Cell Biol. 2010;12(3):247-256.

Sun Z, Han Q, Zhou N, et al. MicroRNA-9 enhances migration
and invasion through KLF17 in hepatocellular carcinoma. Mol
Oncol. 2013;7(5):884-894.

Bao L, Yan Y, Xu C, et al. MicroRNA-21 suppresses PTEN and
hSulf-1 expression and promotes hepatocellular carcinoma pro-
gression through AKT/ERK pathways. Cancer Lett. 2013;337(2):
226-236.

Liu Z, Jin ZY, Liu CH, Xie F, Lin XS, Huang Q. MicroRNA-21
regulates biological behavior by inducing EMT in human cholan-
giocarcinoma. Int J Clin Exp Pathol. 2015;8(5):4684-4694.

Cao J, Liu J, Xu R, Zhu X, Liu L, Zhao X. MicroRNA-21 stimu-
lates epithelial-to-mesenchymal transition and tumorigenesis in
clear cell renal cells. Mol Med Rep. 2016;13(1):75-82.

Chen D, Dang BL, Huang JZ, et al. MiR-373 drives the
epithelial-to-mesenchymal transition and metastasis via the

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

miR-373-TXNIP-HIF1a-TWIST signaling axis in breast cancer.
Oncotarget. 2015;6(32):32701-32712.

Long H, Wang Z, Chen J, et al. MicroRNA-214 promotes
epithelial-mesenchymal transition and metastasis in lung adeno-
carcinoma by targeting the suppressor-of-fused protein (Sufu).
Oncotarget. 2015;6(36):38705-38718.

Farooqi AA, Desai NN, Qureshi MZ, et al. Exosome biogenesis,
bioactivities and functions as new delivery systems of natural
compounds. Biotechnol Adv. 2018;36(1):328-334.

Giordano C, La Camera G, Gelsomino L, et al. The biology of
exosomes in breast cancer progression: dissemination, immune eva-
sion and metastatic colonization. Cancers (Basel). 2020;12(8):2179.
Kim H, Lee S, Shin E, et al. The emerging roles of exosomes as
EMT regulators in cancer. Cells. 2020;9(4):861.

Wee I, Syn N, Sethi G, Goh BC, Wang L. Role of tumor-derived
exosomes in cancer metastasis. Biochim Biophys Acta Rev Can-
cer. 2019;1871(1):12-19.

Menck K, Sénmezer C, Worst TS, et al. Neutral sphingomyeli-
nases control extracellular vesicles budding from the plasma
membrane. J Extracell Vesicles. 2017;6(1):1378056. doi:10.
1080/20013078.2017.1378056

Guo BB, Bellingham SA, Hill AF. The neutral sphingomyelinase
pathway regulates packaging of the prion protein into exosomes.
J Biol Chem.2015;290(6):3455-3467. doi:10.1074/jbc.M114.605253
Savina A, Furlan M, Vidal M, Colombo MI. Exosome release is
regulated by a calcium-dependent mechanism in K562 cells.
J Biol Chem. 2003;278(22):20083-20090. doi:10.1074/jbc.
M301642200

van Niel G, Porto-Carreiro I, Simoes S, Raposo G. Exosomes: a
common pathway for a specialized function. J Biochem. 2006;
140(1):13-21.

Kalluri R, LeBleu VS. The biology, function, and biomedical
applications of exosomes. Science. 2020;367(6478):eaau6977.
Colombo M, Moita C, van Niel G, et al. Analysis of ESCRT
functions in exosome biogenesis, composition and secretion high-
lights the heterogeneity of extracellular vesicles. J Cell Sci. 2013;
126(pt 24):5553-5565.

Frydrychowicz M, Kolecka-Bednarczyk A, Madejczyk M, Yasar S,
Dworacki G. Exosomes—structure, biogenesis and biological role
in non-small-cell lung cancer. Scand J Immunol. 2015;81(1):2-10.
Trajkovic K, Hsu C, Chiantia S, et al. Ceramide triggers budding
of exosome vesicles into multivesicular endosomes. Science.
2008;319(5867):1244-1247.

Kosaka N, Iguchi H, Yoshioka Y, Takeshita F, Matsuki Y, Ochiya
T. Secretory mechanisms and intercellular transfer of microRNAs
in living cells. J Biol Chem. 2010;285(23):17442-17452.

Miller D, Bloxham RD, Jiang M, et al. The dynamics of TGF-3
signaling are dictated by receptor trafficking via the ESCRT
machinery. Cell Rep. 2018;25(7):1841-1855.¢5.

Burk U, Schubert J, Wellner U, et al. A reciprocal repression
between ZEB1 and members of the miR-200 family promotes
EMT and invasion in cancer cells. EMBO Rep. 2008;9(6):
582-589.

Moes M, Le Béchec A, Crespo I, et al. A novel network integrat-
ing a miRNA-203/SNAI1 feedback loop which regulates epithe-
lial to mesenchymal transition. PLoS One. 2012;7(4):e35440.


https://orcid.org/0000-0002-2703-1080
https://orcid.org/0000-0002-2703-1080
https://orcid.org/0000-0002-2703-1080


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


