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from GC patients are capable of modulating the 
immune surveillance.

gastric cancers [20, 21]. However, the mecha-
nistic explanations about Treg induction in LNs 

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 μm. 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-β1 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-β1 was associ-
ated with LN metastasis of GC 
patients.

Recurrence in the lymphatics 
are common after curative 
surgery in gastric cancers11, 
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 modulated19. 
Sabotage the anti-tumor im- 
munity by recruiting immune-
suppressive regulatory T cells 
is one of the proposed para-
digms7. Previous reports sh- 
owed that the proportion of 
Treg cells in draining LNs was 
correlated with prognosis of 
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remain unknown. Our study showed the TGF-β1 
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-β1 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 

1,628±245 pg/ml. Namely, the amount of 
TGF-β in the exosomes accounted for about 
17% of total TGF-β 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-β carried. Forth, we did not examine the 
dose effects of exosomes on Treg induction 

Table 2. The correlation between FOXP3+ cells propor-
tion in draining LN and clinicopathological factors in 61 
GC patients

Factor Case 
number 

Percentage of 
FOXP3+ cells in 

paracortical region
P-value

All patients 61
Age (years) 0.62 
    ≤60 27 9.9±1.0
    >60 34 9.2±0.8
Gender 0.81 
    Female 33 9.7±0.9
    Male 28 9.4±0.8
Tumor size(cm) 0.03* 
    <3 38 7.8±0.9
    ≥3 23 10.6±0.8
Location 0.35 
    Non-distal 24 9.0±1.1
    Distal 37 9.9±0.8
Borrmann Type 0.01* 
    I+II 29 7.9±0.7
    III+IV 32 11.0±0.9
Differentiation 0.87 
    Well+Moderate 20 9.7±1.1
    Poor 41 9.4±0.8
Lauren classification 0.14 
    Intestinal type 22 10.6±1.1
    Diffuse+Mixed type 39 8.9±0.7
Tumor depth 0.00* 
    T1+T2 26 7.5±0.7
    T3+T4 35 11.0±0.9
Lymph node metastasis 0.04* 
    No 15 7.2±0.9
    Yes 46 10.0±0.8
Distant metastasis 0.96 
    No 55 9.5±0.7
    Yes 6 9.7±2.1
TNM stage 0.01* 
    I+II 23 7.5±0.7
    III+IV 38 10.8±0.8
*significant difference between groups.

exosomes in modulating LN microenvi-
ronment have been demonstrated that 
melanoma-derived exosomes traveled to 
the sentinel lymph nodes and facilitated 
LN metastasis of melanoma in an animal 
model [22]. The injection of exosomes 
from a cell line with highly-lymphatic 
metastasis potential promoted lymph 
node metastasis of gastric cancer cells 
in vivo [23]. 

TGF-β1 is an immunosuppressive cyto-
kine produced by immune and tumor 
cells [24]. Intra-tumoral TGF-β1 expres-
sion was predictive of gastric cancer pro-
gression [25, 26] or associated with neo-
plastic transformation [27]. However, the 
relationship between serum TGF-β1 level 
and clinicopathological characters of 
gastric cancers were controversial [27-
29]. Our study showed that the level of 
TGF-β1 per exosome maybe a better pre-
dictive parameter for lymph node metas-
tasis of gastric cancers. 

There are unsolved problems in our 
study. First, the uptake and the effects of 
exosomes on the development of lym-
phocytes in draining LN remains to  
be examined in an in vivo model. 
Researchers found that distinct integrin 
profiles expressed on exosomes predict-
ed the metastatic sites [6]. Whether 
there exist specific lymphotropic profiles 
in exosomes deserves further studies. 
Second, other cargos in the exosomes 
might modulate the immune surveillance 
in lymphatic microenvironment as well. 
As shown, TGF-β1 neutralizing antibody 
did not completely abolish the effect of 
exosomes on Treg induction, which indi-
cated that components other than TGFβ-
1 in exosomes also have immune-modu-
latory functions. Third, the free TGF-β in 
plasma measured by ELAS was 1,957± 
78 pg/ml, and the remaining TGF-β in 
plasma after exosome purification is 
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Figure 3. GC exosomes induces CD25+CTLA4+FOXP3+ Treg cells Naïve T cells from healthy donors were cultured with rhTGF-β1 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, †p<0.01 compare to TGF-β1, 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-β1 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 µg/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-β1 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-β1 in plasma and in exosomes, samples were first acidified to activate latent TGF-β1 with 
1 N HCl 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-β 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-β1, 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-β in paraffin-embedded GC 
tissues were performed tovalidate the microarray finding. The non-tumorous gastric epithelium showed 
little or no TGF-β expression. The tumorous part of GC expressed obvious TGF-β staining, and the stain-
ing intensities of TGF-β 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 
C1QB CDC42
C1R HSH2D
C1S IL10RB
C2 IL13
HIF1A IL1B
IL18 IL9
LIMK1 MAP2K1
RIPK2 MAP3K9
STAT1 MAPKAPK2
TGFβ1 MX2
TLR7 OASL
TREM2 PIK3C2G

TLR3

Supplementary Figure 1. EM picture and NTA analysis of the isolated exosomes of GC patients. A. Representative 
electron microscopic image of isolated exosomes at 150,000× 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-β1 in gastric cancers. (A) Stage I; 
(B) Stage II; (C) Stage III; (D) Stage IV. Bars represent 50 μm.

Supplementary Figure 3. The amount of exosomes released in different stages of gastric cancer. There was no dif-
ference between groups (p=0.4971).


