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Abstract
BACKGROUND: Cancer-associated cachexia (CAC) is de�ned as a multifactorial syndrome
including depletion of adipose tissue and skeletal muscle. Adipose tissue wasting, as a key characteristic
of CAC, occurs early and is related with poor survival. However, the in�uence of exosomes on adipo-
differentiation in CAC remained be mysterious.

METHODS: Oil-red staining, western blotting, and real-time polymerase chain reaction (RT-PCR) were used
to investigate the adipo-differentiation capacity of A-MSCs from GC patients and healthy donors. Adipo-
differentiation capacity of A-MSCs treated with exosomes from GES-1 or GC cell lines was also detected.
To further explore the effects of exosomal miR-155 on adipo-differentiation in vitro, we carried out
luciferase reporter assay. Finally, to evaluate the function of exosomal miR-155 in vivo, BALB/c mice were
subcutaneously transplanted with SGC7901 cells transfected with lentivirus containing a miR-155
overexpressing (miR-155 OE) sequence or miR-155 shRNA (miR-155 KO) or control lentivirus(NC) to
observe the change of adipo-differentiation of A-MSCs.

RESULTS: We showed that miR-155 was high expressed in adipose mesenchymal stem cells (A-MSCs)
isolated from GC patients, which exhibited signi�cantly suppressed adipo-differentiation. Mechanistically,
targeting C/EPBβ and suppressing C/EPBα and PPARγ by GC exosomal miR-155 was demonstrated to be
involved in impairing the differentiation of A-MSCs into adipocytes. The expression of C/EPBβ C/EPBα
and PPARγ were rescued through downregulating miR-155 in GC exosomes. Moreover, overexpression of
miR-155 improved cancer cachexia in tumor-implanted mice, charactered by weight loss, tumor
progression and low expression of C/EPBβ, C/EPBα, and PPARγ in A-MSCs as well as FABP4 in tumor-
related adipose tissue. Decreasing level of miR-155 in implanted tumor blocked the anti-adipogenic
effects of GC.

CONCLUSION: GC exosomsal miR-155 suppressed adipo-differentiation of A-MSCs via targeting C/EPBβ
of A-MSCs plays a crucial role in CAC.

Introduction
Cancer-associated cachexia (CAC), a metabolic disorder characterized by progressive loss of body fat
and skeletal muscle wasting[1]. It is a common occurrence in gastric cancer which leading 20% of cancer-
related death[2]. Recent researches and clinical trials on therapy for CAC have focused on the changes in
adipose tissue, especially increased lipolysis in CAC[3, 4]. However, limitation of research nowadays is
whether adipogenesis have effects on CAC. More detailed comparative studies on adipogenesis, which is
identi�ed as a key hallmark of remaining balance with lipolysis will be much-needed.

Adipocytes are devoloped from A-MSCs that have the capacity of multipotent adult stem cells to different
into several cell type[5]. Thus, further understanding change of molecular mechanisms of adipogenesis
of A-MSCs in cancer is very crucial for the development of novel strategies to treatment of CAC. The
renewing of adipocyte relies on orchestrated activation of transcription factors, inducing differentiation of
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A-MSCs to mature adipocytes[6, 7]. So A-MSCs is a perfect cell model to study adipogenesis at a level of
stem cells. Members of the CCAAT/enhancer-binding protein (C/EBP) family and the preceding peroxisoe
proliferator-activated receptors (PPARs) family are the two most critical transcription factors associated
to adipogenic-speci�c program, among which C/EPBβ plays an essential role[8–10]. During A-MSCs
adipo-differentiation, activated C/EBPβ triggers transcription of C/EPBα and PPARγ, which in turn
coordinately activate genes, such as fatty acid-binding proteins (FABPs), fatty acid transport proteins
(FATPs), whose expression produces for terminal adipocyte[11, 12].

Exosomes are microvesicles with diameters of 40–100 nm that are released by most cell types[13]. An
increasing number of studies have shown that exosomes play an importance role in intercellular
communication, because it contains a variety of RNAs, proteins and lipids, especially, microRNAs have
recently been identi�ed as a naturally occurring class of endogenous noncoding RNAs[14]. A recent
article published in Nature Reviews demonstrated that extracellular vesicles packing cargo reach
subpopulations of muscle cells and mediate cachexia. While the effects of GC exosomes on
adipogenesis have not been elucidated[15].

In the current study, we detected miR-155 is upregulated in the plasma and A-MSCs of GC patients, which
was negetively correlated with adipogenesis level of A-MSCs GC patients. Additionally, study in vitro
demonstrated that the inhibition of adipogenesis in A-MSCs was caused by exosomal miR-155secreted
from GC cells.What’s more, our further investigation revealed miR-155 can directly target the 3’UTR of
C/EPBβ which �nally bolcked the C/EPBα and PPARγ. In vivo, by analyzing the levels of C/EPBβ C/EPBα
and PPARγ in MSCs from mice inguinal adipose tissues (mA-MSCs), as well as FABP4 expression in
adipose tissues of mice, we concluded that the knockdown of miR-155 in cancer cells signi�cantly
rescues the adipogenesis impairment of A-MSCs caused by GC. Herein, the speci�c targeting of exosomal
miR-155 from GC on C/EPBβ is con�rmed to be involved in the inhibitive effects of GC on A-MSCs
adipogenesis.

Methods
Cell culture

Adipose tissues were respectively obtained from patients undergoing liposuction and GC patients
peritoneam and healthy donors according to procedures approved by the Ethics Committee of Tianjin
Medical University Cancer Institute and Hospital. A-MSCs were isolated and culture-expanded as
previously discribed[16]. The cells were incubated in DMEM/F-12 (Gibco,USA ) supplemented with 10%
FBS (Gibco,USA ), 1% penicillin and streptomycin (Solarbio, China), 2 mmol/L glutamine and 10 ng/mL
epidermal growth factor (PeproTech). A-MSCs at passage 3-5 were choosed for the folowing research. To
inducing A-MSCs-adipogenesis, A-MSCs were remaining under adipogenic differentiation medium.
(DMEM/F-12 1μM dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine, 0.5 μg/ml insulin, 0.5 mM
isobutylmethylxanthine) with 10% FBS.
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SGC7901, MGC803 (human gastric adenocarcinoma cell) were bought from cell bank of Chinese
Academy of Sciences (Shanghai, China). SGC7901 and MGC803 cells were cultured in DMEM medium
(Gibco, USA) supplemented with 10% FBS

exosomes isolation and identi�cation

Exosomes in medium was isolated according to previous report. GC cells culture media were collected at
300g and 3,000g eliminate cells and debris. Next, the supernatant was centrifuged at 100000g for 70 min
at 4℃ to abtain exosomes. Exosomes was dropped onto the copper grid and negatively stained with 3%
(w/V) sodium phosphotungstate solution (pH6.8) for 5 min and washed gently with double distilled
water. Exosomes were observed and photographed by transmission electron microscopy (TEM). Western
Blot was used to detected exosomes speci�c markers, including Alix, Tgs101 and CD63. selected
randomly to measure the mean diameterusing the Nanosight NS 300 system (NanoSight technology,
Malvern, UK).

RNA isolation and quantitative RT-PCR

Total RNA was isolated from the cultured cells, exosomes, and tissues using TRIzol Reagent (Invitrogen),
according to the manufacturer's instruction. cDNA was obtained by using avian myeloblastosis virus
(AMV) reverse transcriptase (TaKaRa). Quantitis of miR-155 was detected via TaqMan miRNA probes
(Applied Biosystems) and normalized to U6 snRNA expression. mRNA expression levels of C/EPBβ,
C/EPBα and PPARγ was performed with the SYBR Green PCR Master Mix (Qiagen) through ABI PRISM
7900 (AppliedBiosystems). The mRNA expression was normalized to GADPH. All reactions were
performed at least in triplicate. Relative levels of genes were calculated with the 2-ΔCT method. The
primer sequences were as follows:

5’GGGCCCTGAATCGCTTA A 3’(C/EPBβ, sense);

5’ATCAACAGCAACAAGCCCG 3’(C/EPBβ, anti-sense);

5’- GAAGTTGGTGGAGCTGTCGG-3’ (C/EPBα, sense);

5’- TGAGGTATGGGTCGTTGGGA-3’ (C/EPBα, anti-sense);

5’- AGCCTCATGAAGAGCCTTCCA-3’ (PPARγ, sense);

5’- ACCCTTGCATAATTCACAAGC-3’ (PPARγ, anti-sense);

5’-AGAAGGCTGGGGCTCATTTG-3’ (GAPDH, sense);

5’-AGGGGCCATCCACAGTCTTC-3’ (GAPDH, anti-sense).

Western blotting
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The total protein was extracted using RIPA buffer. The protein concentration was quanti�ed by the BCA
Protein Assay kit (Thermo). Protein (30 μg) of each sample was loaded into a 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis gel(SDS-PAGE gels) and transferred onto polyvinylidene
�uoride (PVDF) membranes (Millipore). After blocking with 5% BSA at room temperature for 1 h,
membranes were incubated with primary antibodies (1/1000 dilution) at 4℃ overnight . After
membranes were incubated with corresponding secondary antibodies (1/5000 dilution) for 1 h at room
temperature. Blots were detected using enhanced chemiluminescence solution (Invitrogen) and visualized
with the ImageQuantLAS-4010 (GE). 

Oil red O staining

The cells were washed there times with phosphate-buffered saline (PBS) gentally and then �xed with 10%
formaldehyde for 10 min at room temperature. After �xation, cells were treated with �ltered 0.25% oil red
O solution for 40 minutes. red-stained lipid droplets in cells were observed and photographed by light
microscopy.

Luciferase assay

The miRNA target prediction and analysis were performed with the algorithms from TargetScan
(http://www.targetscan.org/vert_72/), PicTar(https://pictar.mdc-berlin.de/), and miRanda
(http://miranda.org.uk/).

The reporter plasmid p-MIR-C/EPBβ was designed by Genescript (Nanjing, China) containing the
predicted miR-155 binding site. Part of the wild-type and mutated 3’-UTR of C/EPBβ was cloned into the
�re�y luciferase reporter. For the luciferase reporter assays, 2 mg �re�y luciferase reporter plasmid; 2 mg
b-galactosidase vector; and equal doses(200 pmol) of mimics, inhibitors, or scrambled negative control
RNA were transfected into AMSCs. At 24h after transfection, luciferase activity of cells were analysed by
using the Dual Luciferase Assay Kit (Promega) according to the manufacturer’s instructions.

Immuno�uorescence

Cells were cultured in 12-well plates with slides. At harvest, the cells were �rst �xed with 4%
paraformaldehyde and then permeabilized with 0.2% Triton X-100 for 10 min, followed by con�nement
for 1 h. Then, the cells were incubated with C/EPBβ, C/EPBα, and PPARγ (1:100; Abcam) at 4 °C overnight
and FITC goat anti-rabbit IgG (Invitrogen) for 1h in the dark at RT. DAPI (Solarbio, China) was used for
nuclear staining. For confocal microscopy, a Nikon C2 Plus confocal microscope was used.

Immunohistochemistry

The inguinal adipose tissues were �xed in 4% paraformaldehyde, embedded in para�n, sectioned and
then stained with anti-FABP4 antibodies (Abcam). Quantitative analysis was conducted by quantifying
the �uorescence intensity from at least �ve sections.
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Establishment of tumor in nude mice

lentiviral expression plasmids that were used to increase or decrease the expression of miR-155 and
control lentivirus were purchased from Shanghai Genechem. Puromycin (Sigma-Aldrich, USA) was used
to successfully obtain stably infected SGC7901 cells. Cells infected with lentivirus above were injected
into nude mice by orthotopic implantation. Mice were sacri�ced and tumors were removed at the 28th
Day.

Statistics

All experiments were performed in triplicate, and the results are presented as the mean value ± standard
deviation. The data were statistically analyzed using Student’s

t-test in SPSS statistical software, with p < 0.05 considered statistically signi�cant. *

indicates p< 0.05; ** indicates p< 0.01 and *** indicates p<0.001

Results

Adipo-differentiation of A-MSCs from GC Patients Is
inhibited and Negatively Correlated with miR-155
We initially analysed GC patients survival through a tumor database (http://kmplot.com) revealed that
high miR-155 expression level is a poor prognostic factor in GC patients (Fig. 1A). Then, the level of miR-
155 in serum of GC patients and healthy donors was measured. A high level of miR-155 expression was
present in serum of GC patients (Fig. 1B). Then we also detected the capacity of adipo-differentiation in
A-MSC isolated from peritoneum adipose tissue of GC patients (GC group), and A-MSC from
subcutaneous adipose tissue of healthy donors (HD group) as normol control. Investigated by Oil Red O
staining, the accumulation of lipid droplets in A-MSCs isolating from peritoneum of GC patients was
decreased (Fig. 1C). As a crucial transcription factor of early adipo-differentiation stage, C/EBPβ was
signi�cantly decreased in A-MSCs isolating from GC patients (Fig. 1D-E). We performed RT-PCR to detect
the expression level of miR-155 and the results indicated that miR-155 in A-MSC was obviously increased
in the GC group compared to HD group (Fig. 1F). In conclusion, the results above suggested that miR-155
can promote GC progression and negatively correlated with adipogenesis capacity of A-MSCs.

Identi�cation And Characterization Of A-mscs And Gc
Exosomes
The morphology of A-MSCs present like �broblasts (Fig. 2A) and the lipid drops formation was observed
after culturing in adipogenic differentiation medium (Fig. 2B-C). A-MSCs were positive for CD44, CD73,
CD90, CD105, CD166 and HLA-ABC, but negative for CD31, CD133, CD14, CD34, CD45 and HLA-DR
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(Fig. 1D). In our preliminary experiment, TEM showed that SGC7901-exosomes exhibited a round-shaped
morphology (Fig. 1E) with a size ranging from 50 to 100 nm (Fig. 1G). In addition, Tgs101 and CD63 were
highly expressed by SGC7901 exosomes and MGC803 exosomes (Fig. 1F). Exosomes stained with
PKH26 were added into the medium of A-MSCs, the phagocytosis was recorded at 2 h, 4 h and 6 h after
co-culture through confocal microscopy. It showed that the uptaken of SGC7901 exosomes increases
with the time of co-culture and over 80% of the A-MSCs exhibited PKH67 staining although the intensity
of the red �uorescence of the positive MSCs (Fig. 1H). Taking together, our results proved that A-MSCs
and exosomes with high purity were successfully isolated, as well as SGC7901-exosomes can be taken
up by A-MSCs.

Gc Cell Derived Exosomes Inhibited Adipo-differentiation Of
A-mscs
Since SGC7901 exosomes and MGC803-exosomes could be taken up by A-MSCs, then we determined
whether the adipogenic differentiation of A-MSCs was changed by GC exosomes. A-MSCs were treated
with different doses of SGC7901 exosomes and MGC803 exosomes (50ug/ml and 70ug/ml) in
adipogenic induction medium for 5 days. GC-exosomes treatment signi�cantly decreased lipid droplets in
A-MSCs as the concentration exosomes increased, compared with GES-1-exosomes (50ug/ml) treatment
groups (Fig. 3A). GC exosomes treatment, both SGC7901 exosomes and MGC803 exosomes, also
decreased mRNA expression levels of adipogenic transcription factors C/EBPβ mRNA, C/EBPα, and
PPARγ (Fig. 3B, D). Moreover, the protain expression of C/EBPβ, C/EBPα, and PPARγ in A-MSCs cultured
in adipogenic induction medium were inhibited by GC-exosomes (Fig. 3C, E). The results above suggested
that GC exosomes acted as a negative regulator in adipo-differentiation of A-MSCs.

Gc-exosomal Mir-155 Tageting C/ebpβ Expression In A-
mscs
The miR-155 binding sites in the 3’UTR of C/EBPβ mRNA are shown in Fig. 4A. Transfection of miR-155
mimics markedly reduced luciferase activity, whereas luciferase levels were relatively enhanced by miR-
155 inhibitors. However, the inhibitory activity was lost when the binding sites were mutated (Fig. 4B).
The data indicated miR-155 suppressed C/EBPβ expression by binding to C/EBPβ 3’UTR in adipocytes.
Additionally, to further explore the in�uence of miR-155 on the adipogenic differentiation of A-MSCs,
normal control mimics, miR-155 mimics, normal control inhibitors, and miR-155 inhibitors were directly
transfected into A-MSCs. As shown in Figs. 4C and 4D, RT-PCR was used to analyze the level of miR-155
in above groups. Cultured in adipogenic differentiation medium for 5 days later, western blotting was
used to assess the expression level of C/EBPβ. The expression of C/EBPβ in A-MSCs were much lower in
miR-155 mimics group than that in normal control mimics group, while the expression of C/EBPβ was
signi�cantly enhanced in A-MSCs transfected with miR-155 inhibitors compared with normal control
inhibitors. However there was no signi�cant change in C/EBPβ mRNA (Fig. 4E-G). Moreover, we also
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found that miR-155 was highly expressed in exosomes derived from SGC7901 cells and MGC803 cells
(Fig. S-A). To verify the function of miR-155 in GC-exosomes, SGC7901 cells were relatively transfected
with miR-155 inhibitors or normal control inhibitors, then isolating exosomes of each group (SGC
exosomes In.miR-155 or SGC exosomes In.NC) and co-cultured with A-MSCs (Fig. 4H). miR-155 level in
SGC7901 cells exosomes and A-MSCs treated with SGC exosomes In.miR-155 or SGC exosomes In.NC
(100 µg/ml) for 8 h were measured by RT-PCR, and that the level of miR-155 was markedly decreased in
SGC exosomes In.miR-155 (Fig. 4I) and A-MSCs treated with that (Fig. 4J). Under adipo-differentiational
condition for 5 days, the expression of C/EBPβ, C/EPBα and PPARγ in A-MSCs treated with SGC
exosomes In.miR-155 (100 µg/ml) were much higher than those in SGC exosomes In.NC group
(Fig. 4L,M). But no signi�cant change of C/EBPβ mRNA in A-MSCs was obvioused in those two groups
(Fig. 4K). These results suggested that C/EBPβ was a downstream target gene of miR-155, the
upregulation of GC exosomal miR-155 expression may be responsible for the decreased expression level
of C/EBPβ, as well as the downstream protein C/EPBα and PPARγ in A-MSCs.

GC Exosomal miR-155 Contributes to The Lose of Adipose Mass in Vivo

To identify whether GC Exosomal miR-155 suppressed adipo-differentiation of A-MSCs and promoted
cancer cachexia in vivo, BALB/c mice were subcutaneously injected with SGC7901 cells transfected with
lentivirus containing a miR-155 overexpressing (miR-155 OE) sequence or miR-155 shRNA (miR-155 KD)
or control lentivirus(NC). Then PBS was used as a negative control (Fig. 5A). 4 weeks later, all of the
tumors, plasma and inguinal adipose tissues were harvested. The sizes of tumors and weight of mice
were measured during the experiment. Compared with control group, the diameter of tumors was
remarkably enhanced in the miR-155-OE group, while in the control group, the growth of tumors was
visibly inhibited (Fig. 5B). Similarly, weight of mice was obviously reduced in miR-155 OE group, while
which was increased in the miR-155 KD group (Fig. 5C). The tumors obtained were photographed and
analyzed (Fig. 5D-E). Images of inguinal adipose tissues from the four groups are shown in Fig. 5F, and
the lengths and weights of these adipose tissues in miR-155 OE group were decreased. As expected, the
miR-155 KD rescued that trend (Fig. 5G-H). Additionally we detected the expression of fatty acid binding
protein-4 (FABP4) in inguinal adipose tissues. A down-regulation of FABP4 was detected in tumor-
implanted groups, which shown a negative correlation with miR-155 level (Fig. 5I). The data above
demonstrated that GC-exosomes carried miR-155 can be delivered into adipose tissue and lead to
decrease of adipose mass which is caused by suppressing C/EBPβ.

GC exosomal miR-155 suppresses A-MSCs adipo-differentiation via targeting C/EBPβ/C/EBPα/PPARγ in
vivo

To further investigated the biological role of miR-155 in CAC, initially we detected lipid-formed capacity in
mA-MSCs after culturing in adipogenic differentiation medium (Fig. 6A), miR-155 in mA-MSCs and serum
esosomes were distinctly upregulated in the miR-155 OE group (Fig. 6B, Figure S-B). The expression of
C/EBPβ, C/EBPα and PPARγ in mA-MSCs of each group indicated a negtive relationship with miR-155
level of adipose tissue (Fig. 6C, D). We further investigated the expression of C/EBPβ, C/EBPα and PPARγ
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in mA-MSCs adipo-differentiated with adipogenic medium for 5 days. The results a signi�cant decrease
of C/EBPβ, C/EBPα, PPARγ expression due to implanted-tumor, especially in miR-155 OE group, but this
decrease was rescued when miR-155 was knocked down in implanted-tumor (Fig. 6E). These �ndings
indicated that GC-exosomes carried miR-155 acted as a promotive role on CAC via suppressing of
C/EBPβ in A-MSCs..

Discussion
Continuous adipose tissue mass loss could result in devastating outcomes in CAC Patients, which cannot
be explained by reduced food intake alone[17]. Patients with CAC often present symptom of emaciation
without anorexia and the supplementation of nutrition fails to reverse CAC[18–20]. Numerous deeper
mechanistic researches manifested that the lose of adipose tissue preceded skeletal muscle in CAC,
nevertheless the underlying mechanisms on depletion of adipose tissue occurred in CAC still remains
mysterious. Recent studies implied that the in�ammational and immunologic factors such as interleukin-
6, tumor growth factor-β increased lipolysis[21, 22]. Furthermore, reseachers focused their attention on
white adipose tissue (WAT) browning. Previous work in our laboratory have proved that exosomal ciRS-
133 are involved in WAT browning and play a key role in CAC[23]. Adipo-differentiation is a crucial
process of formation and renewing of adipocytes. However, little is known about the effect of exosomes
on the change of adipo-differentiation in CAC.

In addition, miR-155 has been con�rmed as “oncomiR’’ in virious cancer types, including lymphoma,
gastric cancer and breast cancer[24]. More importantly, recent work in our laboratory reported that GC
exosomal miR-155 could promote angiogenesis through targeting c-MYB and FOXO3[25, 26]. According
to our clinical results, we have con�rmed that adipo-differentiation was blocked by upregulating miR-155
in A-MSCs obtained from GC patients. The evidence mentioned above led us to hypothesize that
exosomal miR-155 may act as a promoted factor for CAC by attenuating adipo-differentiation of A-MSCs.
As expected, miR-155 had repressing effects on adipogenesis of A-MSCs. First, miR-155 was upregulated
in serum of GC patients and exosomes devived from GC cell lines. Second, GC exosomes can impair
adipogenesis of A-MSCs, but the adipogenesis capibility was recovered as miR-155 knocking down in GC
exosomes. Third, when miR-155 was overexpressed in implanted-tumor in vivo, the weight of mice and
size of inguinal adipose tissues was dramatically reduced, accomplied with less expression of FABP4 in
adipocyte. Therefore, it is necessary to further value the underlying mechanisms of how exosomal miR-
155 in�uenced adipogenesis.

Adipogenesis is a highly controlled process via sequential activation of transcription factors. C/EBPβ is
rapidly (< 8 h) expressed under induction of adipo-differentiation[27]. (C/EBPβ-/-) mice fail to undergo
mitotic clonal expansion and differentiate into adipocytes[28]. This �nding provides further compelling
proof that C/EBPβ is indispensable for adipogenesis. Beginning 12 h after the induction of adipo-
differentiation, C/EBPβ activated the C/EBPα and PPARγ gene transcriptionally [29]. Subsequently
C/EBPα and PPARγ function together to trans-activate the large group of adipogenesis assoxiated gene,
such as FATP1, FABP4 and LPL which are essential for the formation of mature adipocytes [30, 31]. In
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vitro, we con�rmed that miR-155 inhibited the expression of C/EBPβ via binding sites in the 3’UTR of
C/EBPβ mRNA. Both of C/EBPα and PPARγ, triggered by C/EBPβ, were also downregulated. In vivo, the
expression of C/EBPβ, C/EBPα and PPARγ in mA-MSCs were suppressed due to uptake of exosomal miR-
155. Thus, those �ndings proofed GC exosomal miR-155 impaired the adipogenesis of A-MSCs by
inhibition of C/EBPβ.

In this study, we repoted that miR-155 was upregulated in both serum and A-MSCs of GC patients,
attenuating adipo-differentiation of A-MSCs obtained from GC patients. In the meanwhile, we also found
that GC exosomal miR-155 could be internalized into A-MSCs and inhibited adipogenetic progress of A-
MSCs targeting C/EBPβ and inhibited C/EPBα and PPARγ. In animal model, knockdown of miR-155 in GC
exosomes substantially reversed inhibited adipogenesis of A-MSCs. In conclusion, the present study
contributes to understanding an signi�cant role of miR-155 delivered by GC exosomes in regulating A-
MSCs adipogenetic differention and illustrates new insights into therapeutic targets of cancer cachexia.
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Figure 1

miR-155 shown negtive relationship with adipo-differentiation of A-MSC in GC patients (A) The
relationship between miR-155 and the survival of GC from the tumor database (http://kmplot.com. n = in
the miR-155-low group and n = in the miR-155-high group **p < 0.01 ). (B) Relative levels of miR-155 in
GC serum and normal serum using RT-PCR (n=150). (C) Oil red O staining analysis of capacity of adipo-
differentiation of A-MSC from GC patients and healthy donor (n=3). (D E) Western blot analysis of
C/EBPβexpression of A-MSC in GC patients (n=3). (F) Relative levels of miR-155 in A-MSC from GC
patients and healthy donor (n=3).
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Figure 2

Identi�cation and characterization of A-MSCs and GC exosomes (A) The morphology of A-MSCs. (B) The
morphology of A-MSCs after adipo -differentiation. (C) Adipo-differentiation of A-MSCs stained by oil red
O. (D) The immunophenotypic analysis of A-MSCs. (E) Representative transmission electron microscopy
image of exosomes derived from GC cell (scale bar=500 nm). (F) Representative images of Tsg101 and
CD63 expression, three exosomes-speci�c markers. (G) Nanoparticle tracking analysis (NTA) of
SGC7901-exosomes. (H) PKH67-labeled SGC7901-exosomes can be taken up by A-MSCs.
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Figure 3

GC-exosomes inhibited adipo-differentiation of A-MSCs (A) Oil Red O staining was performed to visualize
the lipid droplet accumulation in A-MSCs treated with GES-1 exosomes, SGC7901 exosomes or MGC803
exosomes. (B, D) RT-PCR analysis of adipogenic-speci�c genes (C/EBPβ, C/EBPα, PPARγ, normalized to
GAPDH) in groups above. (C, E) Western blot analysis of C/EBPβ, C/EBPα, PPARγ in the groups above.
*P\0.05, **P\0.01, ***P\0.001.
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Figure 4

GC-exosomes-miR-155 targeting C/EBPβ in A-MSCs (A). The predicted binding sites for miR-155 in 3’UTR
of C/EBPβ mRNA. (B). Direct recognition of C/EBPβ by miR-155 (n = 3). Fire��y luciferase reporters
containing either wild-type (WT) or mutant (Mut) C/EBPβ 3’UTR sequence, miR-155 mimics and the
corresponding normal control were co-transfected into 293T cells. The relative luciferase levels were
detected after transfection at 24h after transfection (n=3). (C-D) RT-PCR analysis of miR-155 levels in A-
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MSCs transfected with miR-155 mimics and normal control (NC) mimics (n=3). (E) RT-PCR analysis of
C/EBPβ mRNA level in the groups above (n=3). (F-G) C/EBPβ expression in A-MSCs treated with miR-155
mimics, normal control (NC) mimics, miR-155 inhibitors, normal control (NC) inhibitors (n=3). (H)
Schematic description of the experimental design. Isolation of exosomes after inhibiting of miR-155 level
in SGC7901 (exosomes-IN-miR-155) to add in A-MSCs. (I) RT-PCR assay of miR-155 level in exosomes-
NC-miR-155, exosomes-IN-miR-155 (n=3) (J) RT-PCR assay of miR-155 level in A-MSCs treated with
exosomes-NC-miR-155, exosomes-IN-miR-155 (n=3). (K) C/EBPβ mRNA levels in A-MSCs pretreated with
different exosomes were detected by qRT-PCR (n = 3). (L-M) C/EBPβ, C/EBPα, PPARγ expression in A-
MSCs treated with exosomes-NC-miR-155, exosomes-IN-miR-155 analysed by WB .*P\0.05, **P\0.01,
***P\0.001.
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Figure 5

In�uence of exosomessomal miR-155 in GC on loss of adipose tissue in vivo (A). A �ow chart depicting
the in vivo experimental design. (B) The diameter change of implanted tumor tissues. (C) The weight
change of mice. (D-E) Representative Images of tumors in mice and analysis of the tumor weight. (F-H)
Images of inguinal adipose tissue and analysis of the length and weight. (G) Images of para�n-
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embedded inguinal adipose tissue using FABP4 antibody by immunohistochemistry. *P\0.05, **P\0.01,
***P\0.001.
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Figure 6

In vivo regulation of GC exosomes on adipo-differentiation in A-MSCs by miR-155/C/EBPβ axis (A) The
morphology of mA-MSCs after adipo -differentiation. (B) Relative levels of miR-155 in mA-MSCs. (C-D)
WB analysis of C/EBPβ, C/EBPα and PPARγ in mA-MSCs. (E) Immuno��uorescence assay for C/EBPβ,
PPARγ and C/EBPα (green labelling) which are markers of adipo-differentiation Scale bar = 50 µm. **
indicates p< 0.01 and *** indicates p< 0.001.



Page 27/28

Figure 6

In vivo regulation of GC exosomes on adipo-differentiation in A-MSCs by miR-155/C/EBPβ axis (A) The
morphology of mA-MSCs after adipo -differentiation. (B) Relative levels of miR-155 in mA-MSCs. (C-D)
WB analysis of C/EBPβ, C/EBPα and PPARγ in mA-MSCs. (E) Immuno��uorescence assay for C/EBPβ,
PPARγ and C/EBPα (green labelling) which are markers of adipo-differentiation Scale bar = 50 µm. **
indicates p< 0.01 and *** indicates p< 0.001.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

supplymentalinformation.docx

https://assets.researchsquare.com/files/rs-103656/v1/04261e6a3ebb63cd599d16ae.docx


Page 28/28

supplymentalinformation.docx

https://assets.researchsquare.com/files/rs-103656/v1/aa46025f3601558efa395465.docx

