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Abstract: Exosomes are nano-vesicles transporting bioactive material between cells. This study explored the prog-
nostic association of exosomal TGF-B1 with lymph node (LN) metastasis of gastric cancer (GC). TGF-B1 expressions
in the exosomes isolated from the gastroepiploic veins of 61 GC patients analyzed by ELISA. The regulatory T (Treg)
cells in celiac LNs of gastric cancer analyzed by immunohistochemistry. Exosomal TGF-B1 expression and the ratio
of Treg cells in draining LNs were both significantly associated with pathological stages and LN metastasis of gastric
cancer. Besides, the exosomal TGF-B1 expression and Treg proportion in LN were also significantly correlated in gas-
tric cancer patients. Recombinant TGF-B1 and exosomes isolated from GC patients were used to induce FOXP3* Treg
cells from naive T cells in vitro. Compared to the control, recombinant TGF-B1 induced more CD25 (41%), FOXP3
(19%) and CTLA-4 (47%), while reduced CD45RA expression by 38% in primary naive T cell cultures (p<0.01). Exo-
somes treatment induced more CD25 and 45% higher CTLA-4 expression, and increased 29% higher of CD45RA-
negative cells than recombinant TGF-B1 did (p<0.01). Adding TGF-B1 neutralizing antibody partially abrogated the
effects of exosomes on Treg induction. Our study showed exosomal TGF-B1 related to lymph node metastasis and
the ratio of Treg cells in lymph nodes of gastric cancers. Exosomes from gastric cancer patients could induce Treg
cells formation through the effect of TGF-B1.
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Introduction

Exosomes are nano-sized membrane vesicles
derived from endosomal origin of multi-vesicu-
lar bodies and constitutively released by fusion
with the cell membrane [1]. Exosomes compos-
es specific proteins, mMRNA, and microRNA et al
[1, 2]. The most abundant proteins in exosome
belong to the tetraspanins family, such as
CD63, used as the marker of isolated exo-
somes [1]. Exosomes are found to mediate
inter-cellular communication through the trans-
fer of their cargo.

Cancer cells secrete exosomes that aid trans-
forming the microenvironments suitable for
their metastasis. Melanoma-derived exosomes
could enhance metastasis by increasing pro-
angiogenic cells in bone marrow [3]. Two pro-
posed mechanisms explain tumor-derived exo-
somes could facilitate metastasis: (1) exosomes

remodel the extracellular matrix to enhance
recruitment of hematopoietic cells [4] or motili-
ty of tumor cells [5]; (2) exosomes transfer mol-
ecules to modulate the immunity [6, 7]. For
example, tumor-derived exosomes educate
metastatic niche through activating regulatory
T-cells (Treg) which efficiently blunt T cell-, NK
cell, and dendritic cells-mediated immune
responses [8].

Lymphatic metastasis is the most common
form of metastasis in gastric cancer (GC) [9],
though the causes of favoring lymphatic spread
is not known yet. The incidence of lymphatic
metastases increases with deeper tumor inva-
sion. The metastasis of gastric cancer cells to
lymph nodes (LNs) usually follows the order,
along peri-gastric regions to the branches of
celiac trunk. Skipped LN metastasis is rare
(2-4% only) [9]. Radical lymph nodes dissection
showed its effect in reducing the recur of gas-


http://www.ajcr.us

Exosomes and gastric cancer metastasis

tric cancer [10]. However, 5-year recurrence
-free survival for node-positive GC is only 53%
[11, 12].

Transforming growth factor-B1 (TGF-B1) is a
cytokine capable of inducing naive T cells’ tran-
sition to FOXP3* regulatory T cells [13, 14].
Regulatory T cells (Treg) are a subpopulation of
T cells that mediate immunosuppressive effect,
helping cancer cells to evade the immune sur-
veillance of the host. We propose that gastric
cancer cells secrete exosomes which modulate
the immune surveillance in lymphatic microen-
vironment. We demonstrated that TGF-f1
expression in exosomes related to LN metasta-
sis of GC patients, and the exosomes induced
Treg formation through the effect of TGF-B1.

Materials and methods
Human samples collection

The patients, aged between 20 to 85 year-old,
diagnosed to have primary gastric cancers
were included in this study. The patients who
had other malignancies or received chemother-
apies before were excluded from the analysis.
All of the patients received surgical treatment
for gastric cancer, and those patients with
pathological stage IV received salvage chemo-
therapies. The paired gastric tissue, lymph
nodes (LN) and peripheral blood harvested
from patients who underwent surgery for gas-
tric adenocarcinoma at the Departments of
Surgery, National Taiwan University Hospital
(NTUH). Institutional review board of the NTUH
ethics committee approved the use of human
samples in this study, and written consents
obtained from patients and healthy donors
before the sampling.

Isolation of exosomes

The peripheral blood samples from the gastro-
epiploic vein were centrifuged at 500xg for 5
minutes, 3,000xg for 20 minutes and 12,000xg
for 20 minutes separately to eliminate cell
debris and apoptotic bodies, and subsequently
pelleted in 100,000xg for 70 minutes (using
Beckman 70.1 TI rotor). The pellet was then
washed with PBS and centrifuged again at
100,000%g to remove protein contaminants
[3]. Exosome pellets were re-suspended in 100
ul of cold PBS and stored at -80°C until later
use.

2200

Immuno-EM

The details were listed in the supplement. The
isolated exosomes were fixed in glutaformalde-
hyde and dispensed onto copper grids. Grids
were stained with 1% (w/v) filtered uranyl ace-
tate. For immunogold analysis, exosomes load-
ed onto grids were permeabilized with Triton
X-100 and incubated with anti-CD63 (Genetex)
antibody. The grids were stained with gold-
labelled secondary goat anti-rabbit antibody
(Aurion), and imaged under a Hitachi H-7100
transmission electron microscope at accelera-
tion voltage of 100 kV.

Nanoparticle tracking analysis

The Nanoparticle Tracking Analysis utilizes the
properties of light scattering to characterize
particle size distribution and quantitated by
NanoSight LM10 system (Malvern Instruments)
equipped with a 405-nm blue laser. Exosome
samples (10 ul) were diluted in PBS to reach
recommended concentration (1x108 to 1x10°
particles/mL). Scattered light of exosomes is
visualized by 20x maghnification microscope. By
analyzing the Brownian movement of exo-
somes, the diameters of exosome were calcu-
lated by NTA 2.3 Analytical software.

Western blot analysis

Protein samples were separated by SDS-PAGE,
blocked and incubated overnight at 4°C with
the following primary antibodies: 1:1000 anti-
CD63 (GeneTex), 1:1000 anti-CD9 (Abcam) and
1:1000 anti-HSC70 (Abcam). Afterward, horse-
radish peroxidase (HRP) -conjugated secondary
antibodies were incubated at room tempera-
ture. Membranes were washed with TBS-T after
antibody incubations. Blots were developed
with Luminata Crescendo Western HRP sub-
strate (Millipore) and detected with X-films. The
amount of exosomes used for western blotting
was 15 ug.

Immunohistochemistry

The lymph nodes at the root of celiac trunk
(celiac nodes) microscopically confirmed as
non-metastatic in H&E stain were selected for
immune-staining of FOXP3. Paraffin sections (5
um) were deparaffinized, followed by antigen
retrieval. Sections were incubated with 0.3%
H,0, for 10 minutes to block endogenous per-
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Figure 1. Verification and clinical correlation of exosomes from GC patients. A. Representative western blotting of
HSC70, CD63 and CD9 in the plasma exosomes of gastric cancer patients (stage | to IV, as indicated). B. Immuno-
gold staining of exosome samples shows positive CD63 expression on exosomal membrane at 50,000% magnifica-
tions. Scale bar: 100 nm. C. The expression of exosomal TGF-B1 in GC patients with different TNM stages. D. TGF-1
expression level in LN metastasis-negative and LN metastasis-positive groups.

oxidase activity. After being rinsed in phos-
phate-buffered saline (PBS), the sections were
blocked with 5% bovine serum albumin (BSA) in
PBS for 1 hour and reacted with the primary
antibodies (in PBS/1% BSA): 10 ug/ml anti-
FOXP3 antibody (BioLegend) or 5 pug/mL anti-
TGF beta antibody (Abcam) overnight at 4°C.
Signals were visualized employing UltraVision
Quanto Detection System (Thermo). All sec-
tions were counterstained with hematoxylin.

Images of immunostained sections of lymph
nodes were taken under 40x magnification.
Three paracortical regions that contained the
highest Treg densities were selected, and the
total lymphocyte and FOXP3* counts were cal-
culated. We divided the number of FOXP3* cells
by the total number of lymphocyte count to
obtain the proportion of Treg cells located in
the regional lymph node.
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Fluorescence-activated cell sorting (FACS)
analysis

The cells were stained with PE/Cy7 anti-human
CD25, FITC anti-human CD45RA, anti-human
APC CTLA-4, and PE anti-human FOXP3
(BioLegend). The fixation, permeation and st-
aining were performed according to the manu-
facturer’s protocol (FOXP3 Fixation/Perm-
eabilization kit, eBioscience). IgG-matched iso-
typic controls were used in each experiment.
BD FACSCanto Il (BD Biosciences) was used for
data acquisition and analyzed with FlowJo soft-
ware (Tree Star, Inc.).

T-Cell culture

Peripheral blood mononuclear cells (PBMCs)
were isolated by centrifugation over Ficoll-
Paque PLUS (GE Healthcare) gradient at 400xg
for 30 min followed by a PBS washing step.
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CD4* CD45RA" naive T cells were purified using
EasySep™ human CD4* T cell enrichment kit
(Stemcell Technologies). Purified cells were
then seeded at a concentration of 2x10° cells/
ml with RPMI-1640 culture medium containing
10% heat-inactivated fetal bovine serum
(GeneDireX), 100 U/ml penicillin-streptomycin
(HyClone), 1 mM sodium pyruvate (HyClone), 2
mM L-glutamine (HyClone), 1x non-essential
amino acids (Hyclone), 50 uM 2-mercaptoetha-
nol (G-Bioscience), 25 mM HEPES, 2 pg/mL
mouse anti-human CD28 (BioLegend) and 5
ng/mL IL-2 (Peprotech) in 96-wells plates that
were pre-coated (4°C, O/N) with 10 yg/mL of
mouse anti-human CD3 monoclonal antibody
(BioLegend). For Treg induction, 5 ng/mL of
Recombinant Human Transforming Growth
Factor-B1 (rhTGF-B1, R&D Systems) or 60 ug/
mL of GC-derived exosome (containing~0.135
ng/ml TGF-B1) was added in the culture media.
After seeding, the plate was centrifuged
(500x%g, 5 min) and incubated at 37°C and 5%
CO, for 3 days. On day 3 post plating, half of the
original media were replaced with fresh media.
On day 6 post plating, cells were analyzed by
flow cytometry to determine whether differenti-
ation has taken place.

Statistics

All values and bars are presented in the form of
mean + SEM. Student’s t test and one-way
ANOVA were employed for comparison among
groups. Spearman p tests were utilized for
comparison of exosomal TGF-B1 expression
with percentage of FOXP3* cells in LN.

Results

Characterization of purified exosomes from
gastric cancer patients

The expressions of 3 exosomal markers, CD9,
CD63 and HSC70, on the isolated exosomes
were analyzed by Western blot. The exosomes
from different stages of gastric cancer patients
expressed all three markers (Figure 1A).
Morphologically, the isolated exosomes exhib-
ited a typical spherical shape with a lipid bilayer
membrane (Supplementary Figure 1A), and
were labelled with CD63 and gold-conjugated
antibody (immuno-EM, Figure 1B). The size dis-
tribution of the isolated particles measured by
NTA (Supplementary Figure 1B) was approxi-
mately 100 nm, which is within the typical size
range of exosomes (30~150 nm). The above
analysis demonstrated that exosomes were
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successfully isolated from the peripheral blood
of gastric cancer patients.

The expression of TGF-B1 in plasma exosomes
of gastric cancer patients

The amount of TGF-B1 in the isolated exosomes
from 61 GC patients was determined by ELISA.
There was no difference in the concentration of
exosomes isolated from different stages of GC
patients (Supplementary Figure 3). The concen-
tration of TGF-B1 per exosome was calculated
and correlated with the clinicopathological
characteristics of GC patients (Table 1). The
expression of exosomal TGF-B1 in GC patients
did not correlate with age, gender, location,
tumor size, Borrmann type, differentiation,
Lauren classification, tumor depth or distant
metastasis. However, higher exosomal TGF-B1
expression was significantly associated with
TNM stage (P=0.03) and LN metastasis
(P=0.01). Gastric cancer patients of advanced
stages (TNM stages 2, 3, 4) shown higher exo-
somal TGF-B1 versus those with stage 1 dis-
ease (Figure 1C). The patients with LN metasta-
sis exhibited a twofold of TGF-B1 expressions in
exosomes versus those without LN metastasis
(Figure 1D). These results indicated that
increased exosomal TGF-B1 expression was
associated with advanced stages and LN
metastasis in GC patients.

The proportion of Treg in draining LNs of gas-
tric cancers

GC patients with LN metastasis had higher
expression of exosomal TGF-B1. We propose
that exosomes harboring TGF-B1 are able to
induce a more Treg cells transition in the drain-
ing lymph node of GC. The proportion of FOXP3*
Treg cells in LNs at the root of celiac trunk of GC
patients were analyzed by IHC staining. The
FOXP3* Treg cells were present in the paracorti-
cal region of LN (Figure 2A). The proportion of
FOXP3* Treg cells in the para-cortical area was
correlated with clinicopathological characteris-
tics of GC patients. The proportion of FOXP3*
Treg cells was not correlated with age, gender,
location, differentiation, Lauren’s classification
or distant metastasis (Table 2). However, a
higher ratio of FOXP3* Treg cells in draining LNs
was significantly correlated with advanced
stages (P=0.01) (Figure 2B) and LN metastasis
of GC patients (P=0.04) (Figure 2C).

The calculated coefficient (rs) of Treg propor-
tion in LNs and exosomal TGF-B1 level in the GC
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Table 1. Exosomal TGFB-1 expression and clinicopatholgi-

cal correlation in 61 GC patients

FOXP3 is a transcriptional factor and
delineates the immune-regulatory

Expression of

function of Tregs [16]. We hypothe-

Factor Case TGF-B1 in exosomes  P-value sized that plasma exosomes from GC
number (pg/10710 exosomes) patients may induce Treg cells forma-
All patients 61 tion through the effect of TGF-B1.
Age (years) 0.27 Compared to the control group, rh-
<60 29 14.142.6 TGF-B1 induced more CD25 (41%),
60 32 175429 FOXP:? (19%).and CTLA-.4 (47%) ex-
Gender 057 pressmhs, while attenuating C_D4_15RA
expression by 38% (p<0.01). Similarly,
Female 21 16.943.2 exosomes treatment increased CD-
Male 34 15125 25, FOXP3, and CTLA-4 expression
Tumor size (cm) 0.29 and decreased CD45RA expression
<3 27 13.7£2.3 in primary naive CD4* T cell cultures
>3 34 17.6+3.0 (Figure 3). Besides, exosomes treat-
Location 0.77 ment induced more CD25 and CTLA-
Proximal+middle 26 16.4+3.6 4 expression (45% higher), and re-
Distal 35 15.542.2 duced more CD45RA* (by 29%) than
Borrmann Type 0.48 rhTGF-B1 did (p<0.01). The addition
1411 26 13.3+2.2 qf TGF-B1 neutralizing antibody par-
Y 35 17.843.0 tially abrogateq the .effects of “exo—
Differentiation 0.33 somes on Treg induction from naive T
cells. CTLA-4 was another Treg mark-
Well+Moderate 40 16.7+2.6 er and considered responsible for
Poor 21 14.4£3.1 immunosuppressive effect of Tregs.
Lauren classification 0.63 Increased FOXP3 and decreased
Intestinal type 23 18.4+3.7 CD45RA expression indicates the
Diffuse+Mixed type 38 14.4+2.3 successful differentiation from naive
Tumor depth 0.06 T cells into Tregs. These results
T1+T2 22 12.7+2.7 showed that the GC exosomes carry-
T3+T4 39 17.74+2.7 ing TGF-B1 were able to induce the
Lymph node metastasis 0.01 differentiation of "CD25*CTLA4*FO-
No 16 81+1.1 XF;:%+ Iredgst;rom na|\_/§.ll; cetI:]s,tw_hich
indicate e possibility that incr-
_Yes ) 45 18.7£2.5 eased Tregs in the draining LNs of GC
Distant metastasis 024 was associated with the exosomal
No 54 16.2+2.1 TGF-B1.
Yes 7 13.4+6.6
TNM stage 0.03 Discussion
| 15 8.7+1.3
NIV 46 18.242.5 Our study showed that (1) The expres-

patients was 0.414 (P=0.006) (Figure 2D),
which indicated that advanced gastric cancer
expressing high TGF-B1 in exosomes also
expressed high proportion of Treg in their drain-
ing LNs.

Induction of Tregs from naive T cells by exo-
somes from GC patients

TGF-B1 induces the transformation of Tregs
with the phenotypic marker of FOXP3 [14, 15].
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sion of exosomal TGF-B1 in GC
patients was associated with patho-
logical stages and LN metastasis; (2) The pro-
portion of FOXP3* Treg cells in draining LN was
correlated with pathological stages and LN
metastasis; (3) The expression of exosomal
TGF-B1 was correlated with FOXP3* Treg cells in
draining LNs; (4) Exosomes from GC patients
could transform naive T cells into FOXP3* Treg
cells in vitro, and the effect was reduced by
TGF-B1 neutralizing antibody. The above results
indicate the exosomal TGF-B1 is associated
with gastric cancer progression, and exosomes

Am J Cancer Res 2017;7(11):2199-2208
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Figure 2. FOXP3* Treg cells in lymph nodes and clinical correlation of gastric
cancer A. Representative immunohistochemical staining showing FOXP3*
Treg cells in the paracortical region of the draining LN in different groups
of patients. Bars: 50 um. B. The percentage of FOXP3* cells in draining LN
were correlated with pathological stages of GC patients. C. The percentage
of FOXP3* cells in draining LN were correlated with the status of lymph node
metastasis in GC patients. D. Correlation between exosomal TGF-B1 and
Treg cell percentage in the draining LNs.

With the development of bio-
technology, novel biomarkers
for gastric cancer’s progres-
sion, including microRNAs, hy-
po-methylation of DNA is ex-
plored [17]. Exosomes are mi-
crovesicles released by cells
into the circulation. Tumor-
derived exosomes could trans-
fer messenger biomaterials
between cancer cells and
their pre-metastatic niche.
Therefore, the components
carried by exosomes could be
used as biomarkers. It has
been shown that the level of
macrophage migration inhibi-
tory factor in exosomes is
associated with progression
of pancreatic ductal carcino-
ma [4]. Higher levels of miR-
1290 and miR-375 in plasma
exosomes were significantly
associated with poor overall
survival in prostate cancers
[18]. Our study revealed that
exosomal TGF-B1 was associ-
ated with LN metastasis of GC
patients.

Recurrence in the lymphatics
are common after curative
surgery in gastric cancers'?,
indicating that micro-metasta-
sis to LNs beyond surgical dis-
section occurs. Lymph nodes
are secondary lymphoid or-
gans specialized in anti-tumor
immune surveillance. For the
circulating tumor cells to lodge
and proliferate, the immuni-
ties at the microenvironment
(LNs) has to be modulated®®.
Sabotage the anti-tumor im-
munity by recruiting immune-
suppressive regulatory T cells
is one of the proposed para-
digms’. Previous reports sh-
owed that the proportion of
Treg cells in draining LNs was
correlated with prognosis of

from GC patients are capable of modulating the gastric cancers [20, 21]. However, the mecha-
immune surveillance. nistic explanations about Treg induction in LNs
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Table 2. The correlation between FOXP3* cells propor-
tion in draining LN and clinicopathological factors in 61

exosomes in modulating LN microenvi-
ronment have been demonstrated that

GC patients melanoma-derived exosomes traveled to
Percentage of the sentinel lymph nodes and facilitated
Factor Case  Covbaicalisin Pvalue LN metastasis of melanoma in an animal
number paracortical region model [22]. The injection of exosomes
All patients 61 from a cell line with highly-lymphatic
Age (years) 0.62 metastasis poFentiaI prqmoted lymph
<60 o7 9.9+1.0 pod'e metastasis of gastric cancer cells
in vivo [23].
>60 34 9.2+0.8
Gender 0.81 TGF-B1 is an immunosuppressive cyto-
Female 33 9.7+0.9 kine produced by immune and tumor
Male 28 0.4+0.8 cells [24]. Intra-tumoral TGF-B1 expres-
Tumor size(cm) 0.03* sion was predictive of gastric cancer pro-
<3 38 78+0.9 gression [25, 26] or associated with neo-
plastic transformation [27]. However, the
>3 23 10.6+0.8 . .
) relationship between serum TGF-B1 level
Location 0.35 and clinicopathological characters of
Non-distal 24 9.0+1.1 gastric cancers were controversial [27-
Distal 37 9.910.8 29]. Our study showed that the level of
Borrmann Type 0.01* TGF-B1 per exosome maybe a better pre-
[+I1 29 7.9+£0.7 dictive parameter for lymph node metas-
N+IvV 32 11.0+0.9 tasis of gastric cancers.
Differentiation 0.87 .
There are unsolved problems in our
Well+Moderate 20 9.7x11 study. First, the uptake and the effects of
Poor 41 9.40.8 exosomes on the development of lym-
Lauren classification 0.14 phocytes in draining LN remains to
Intestinal type 22 10.6+1.1 be examined in an in vivo model.
Diffuse+Mixed type 39 8.91+0.7 Researchers found that distinct integrin
Tumor depth 0.00* profiles expressed on exosomes predict-
T14T2 26 75+0.7 ed the metastatic sites [6]. Whether
T3+T4 35 11.040.9 there exist specific lymphotropic profiles
Lymph node metastasis 0.04% in exosomes deserves. further studies.
Second, other cargos in the exosomes
No 15 1-2£0.9 might modulate the immune surveillance
Yes 46 10.0£0.8 in lymphatic microenvironment as well.
Distant metastasis 0.96 As shown, TGF-B1 neutralizing antibody
No 55 9.5£0.7 did not completely abolish the effect of
Yes 6 9.7+2.1 exosomes on Treg induction, which indi-
TNM stage 0.01* cated that components other than TGFj-
[+11 23 7.5+0.7 1 in exosomes also have immune-modu-
IV 38 10.840.8 latory functions. Third, the free TGF-f in

*significant difference between groups.

remain unknown. Our study showed the TGF-B1
carried in exosomes was correlated with the
Treg proportion in draining LNs. Besides, exo-
some from GC patients could induce Treg for-
mation through TGF-B1 in a primary T cell cul-
ture, which suggested that exosomes mi-
ght precondition the lymph node immunity by
transporting cytokines. The messenger roles of
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plasma measured by ELAS was 1,957+
78 pg/ml, and the remaining TGF-( in
plasma after exosome purification is
1,628+245 pg/ml. Namely, the amount of
TGF-B in the exosomes accounted for about
17% of total TGF-B secreted. Considering the
uptake efficiency of recipient cells and degra-
dation of cytokines in circulation, the exosomes
might work in a dominant way with only a little
TGF-B carried. Forth, we did not examine the
dose effects of exosomes on Treg induction

Am J Cancer Res 2017;7(11):2199-2208
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Figure 3. GC exosomes induces CD25*CTLA4*FOXP3* Treg cells Naive T cells from healthy donors were cultured with rhTGF-B1 or GC patient-derived exosomes.
After treatment, cells were stained and analyzed by flow cytometry. A. Representative density plot of FOXP3 expression in cultured cells. B. Quantitative analysis of
CD25, CD45RA, FOXP3 and CTLA-4 expression in cultured cells. (*p<0.01 compared to control, 1p<0.01 compare to TGF-B1, and £p<0.01 compare to exosome).
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from different stages of GC. It is important to
know whether exosomes from early stages also
have the same induction capability.

In summary, our study showed that TGF-B1 car-
ried by exosomes are associated with lymph
node metastasis of gastric cancer. Exosomes
derived from gastric cancer patients could
modulate the immune surveillance through the
induction of regulatory T cells.
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Supplements

Materials and methods
Immunogold assay

Exosomes were fixed in 2% (w/v) paraformaldehyde and later loaded onto formvar-coated nickel grids
(TAAB Laboratories Equipment Ltd.) and dried thoroughly at room temperature. After rinsing with PBS 3
times, the grids were then incubated with 0.05 M glycine/PBS for 40 min to quench free aldehyde
groups and permeabilized with 0.2% (v/v) Triton X-100/PBS for 5 min. Grids were then washed in PBS 3
times with each wash lasting for 10 minutes. In order to prevent nonspecific binding, samples were
blocked with PBS containing 5% (w/v) BSA for 30 min, then washed twice in incubation buffer (0.2%
(w/v) BSA in PBS) for 5 min and incubated overnight at 4°C with 50 pg/ml anti-CD63 (Genetex) antibody
in PBS/0.5% BSA. After primary antibody incubation, samples were then washed and stained with gold-
labelled secondary goat anti-rabbit antibody (Aurion) for 2 hours at room temperature and postfixed with
1% glutaformaldehyde for 10 min. After secondary antibody incubations, grids were washed in milli-Q
water for 10 min, three times and contrasted in 1% filtered uranyl acetate solution for 5 min. Grids were
stored when fully dried and imaging is performed using a Hitachi H-7100 transmission electron micro-
scope equipped with a Gatan 832 digital camera (Gatan Inc.) at an acceleration voltage of 100 KV.

ELISA

Levels of TGF-B1 in plasma or in exosome were quantified employing a Quantikine ELISA kit as described
by the manufacturer (R&D Systems). For each assay, 10 ul of exosomes was used. Prior to verifying the
levels of TGF-B1 in plasma and in exosomes, samples were first acidified to activate latent TGF-B1 with
1 N HCI for 10 minutes at room temperature and neutralized with an equal volume of 1.2 N NaOH and
0.5 M HEPES.

Supplementary results
The expression of TGF-B in gastric cancer

A preliminary CDNA microarray was performed to investigate gene expression in 6 paired tumor and
non-tumorous tissue of gastric cancer. Among the 255 genes identified, 12 genes were found to be up-
regulated, while 13 genes were down-regulated in tumors (Supplemental Table 1). TGF-B1, which encode
transforming growth factor beta 1, was one of the up-regulated genes in gastric cancer tissues, espe-
cially in those of advanced stages. Immunohistochemical staining of TGF-B in paraffin-embedded GC
tissues were performed tovalidate the microarray finding. The non-tumorous gastric epithelium showed
little or no TGF-3 expression. The tumorous part of GC expressed obvious TGF-§ staining, and the stain-
ing intensities of TGF-B in tumors increased with the pathological stages of GC (Supplementary Figure
2).
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Supplementary Table 1. Differentially expressed genes in gastric cancer tissue-microarray analysis

Up-regulated Down-regulated
Cc1QB CDC42
CiR HSH2D
C1s IL10RB
c2 IL13
HIF1A IL1B
IL18 IL9
LIMK1 MAP2K1
RIPK2 MAP3K9
STAT1 MAPKAPK2
TGFB1 MX2
TLR7 OASL
TREM2 PIK3C2G
TLR3
A

Particle Size / Concentration

Supplementary Figure 1. EM picture and NTA analysis of the isolated exosomes of GC patients. A. Representative
electron microscopic image of isolated exosomes at 150,000x magnifications. These particles exhibited a spheri-
cal, membrane-bound characteristic. Scale bar represents 100 nm. B. Representative NTA plot showed the size
and concentration distribution of particles in the plasma of GC patients, which shows a peak diameter of 101 mm.
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Supplementary Figure 2. Representative immunohistochemical staining of TGF-B1 in gastric cancers. (A) Stage |;
(B) Stage lI; (C) Stage lll; (D) Stage IV. Bars represent 50 pm.
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Supplementary Figure 3. The amount of exosomes released in different stages of gastric cancer. There was no dif-
ference between groups (p=0.4971).



