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exosome-derived mRNAs, miRNAs and IncRNAs
predict therapeutic efficacy to neoadjuvant
chemotherapy in patients with advanced gastric
cancer
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Abstract

At present, there is no validated marker to identify the subpopulation of patients with advanced gastric cancer (AGC)
who might benefit from neoadjuvant chemotherapy (NACT). In view of this clinical challenge, the identification

of non-invasive biomarkers for efficacy prediction of NACT in patients with AGC is imperative. Herein, we aimed to
develop a non-invasive, liquid-biopsy-based assay by using an exosome-derived RNAs model based on multi-omics
characteristics of RNAs. We firstly used a multi-omics strategy to characterize the mRNAs, microRNAs (miRNAs) and
long non-coding RNAs (IncRNAs) profiles of circulating exosome enriched fractions in responders to NACT paired with
non-responders, using RNA sequencing. Finally, numerous miRNAs, mRNAs and IncRNAs were identified to be associ-
ated with the response to NACT in patients with AGC, and it was validated in an independent cohort with promising
AUC values. Furthermore, we established a 6-exosome-RNA panel that could robustly identified responders from non-
responders treated with fluorouracil-based necadjuvant chemotherapy.
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Gastric cancer (GC) is frequently diagnosed at an
advanced (cTNM II-III) stage (AGC), accounting for 71%
approximately [1, 2]. Fluorouracil-oxaliplation combina-
tion neoadjuvant chemotherapy (NACT) is a routinely
therapeutic strategy used for the treatment of patients
with AGC and improves survival [1, 3]. However, a sig-
nificant proportion of AGC patients remain insensi-
tive to NACT [4], and failure to achieve effective treat-
ment responses can risk patients to disease progression,
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responders to NACT is a critical clinic issue to guide
AGC patients to receive the optimal therapeutic strategy.
However, no validated markers that could identify the
subpopulation of AGC patients who might benefit from
NACT have yet been well established.

Recent clinical studies consistently highlight that
molecular subtypes of GC are associated with chemo-
therapeutic efficacy and can be used to guide treatment,
such as The Cancer Genome Atlas (TCGA) subtypes [6]
and the Asian Cancer Research Group (ACRG) subtypes
[7]. In addition, tumour mutation burden (TMB) status
was also found to be associated with NACT response [8].
These analyses suggested that NACT treatment should
vary according to the molecular characteristics of the
tumour. However, multiple endoscopic biopsies to obtain
sufficient samples for molecular profiling may cause
damage to patients and are difficult to achieve in applica-
tions. These findings highlight the urgent need for devel-
oping a novel and feasible approach to screen potential
responders in the clinic. Liquid biopsy via plasma mol-
ecules may be an effective approach to predict responses
to NACT in patients with AGC and overcome the above
disadvantages.

In contrast to other methods, using exosomes for liquid
biopsy offer some distinctive advantages. Exosomes are
30-150 nm extracellular vesicles (EVs) derived from mul-
tivesicular bodies (MVBs) that promote cell-cell commu-
nication by transmitting cellular molecular constituents,
such as DNA, messenger RNAs (mRNAs), non-coding
RNAs (ncRNAs), proteins and lipids [9]. Therefore, sub-
stantial disease-related molecules can be detected in
exosomes. In addition, the protective effects of the exo-
somal membrane can decrease molecules’ degradation
from the enzymes in body liquids, which greatly increase
the expressed stability of the exosomal cargos. For exam-
ple, Min et al. found that exosomal miRNAs used for the
early diagnosis of colon cancer have a higher AUC value,
compared to plasma miRNAs [10]. Furthermore, liquid
biopsy-based on exosomes can achieve multiple acquisi-
tions during treatment and has little damage to patients.

Herein, we firstly used a multi-omics strategy to char-
acterize the mRNAs, microRNAs (miRNAs) and long
non-coding RNAs (IncRNAs) profiles of circulating exo-
some enriched fractions in responders to NACT paired
with non-responders, using RNA sequencing. Finally,
numerous miRNAs, mRNAs and IncRNAs were iden-
tified to be associated with the response to NACT in
patients with AGC, and it was validated in an independ-
ent cohort with promising AUC values. Furthermore, we
established a 6-exosome-RNA panel that could robustly
identified responders from non-responders treated with
fluorouracil-based neoadjuvant chemotherapy.
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Results and discussion

Multi-omics characterization of exosomal RNAs correlated

with response to NACT in the training sets

A total of 73 individuals including 10 healthy donors, 29
patients responded to NACT and 34 patients who did
not respond were enrolled. After plasma collection, all
patients received both NACT and surgery (Supplement
Fig. 1A). The exosome enriched fractions were extracted
from collected plasma by the SEC and ultrafiltration
(Supplementary Fig. 1B) method, and these exosomes
were confirmed by western blot for specific markers,
TEM for morphology and NAT for size distribution
(Supplementary Fig. 1C-E). Furthermore, the concen-
tration of total RNA from extracted exosomes enriched
fractions was quantitated, but no significant difference
was observed among these subgroups (Supplementary
Fig. 1F).

Following total RNAs extraction of plasma-derived
exosome enriched fractions, multi-omics RNA sequenc-
ing was performed to characterize the expression fea-
tures of mRNAs, miRNAs and IncRNAs in AGC patients
with a response or non-response (Fig. 1A-C) to NACT.
The intersection of differently expressed RNAs (iDERs)
between healthy donors vs patients and respond-
ers vs non-responders were used for further analyses
to filter data with litter relevance to GC development
(Supplementary Fig. 1G). Then, we calculated the sensi-
tivity, specificity and area under the curve (AUC) of each
iDERs. Markers with high AUC values (>0.800), a signifi-
cant difference (P<0.05, fold-change >1.5 or<0.67) and
median TPM expression value >50 were chosen. Finally,
a panel of 18 exosomal RNAs, including 5 mRNAs, 9
miRNAs and 4 IncRNAs (Fig. 1D), with separate PCA
clusters (Fig. 1E) were identified.

Validation of the candidate exosome-derived RNAs

To validate the predictive value of plasma exosome-
derived candidate RNAs for responders screened in the
training sets, the expression levels of these 18 RNAs
were detected by qRT-PCR in an independent valida-
tion cohort of 43 patients including 19 responders and 24
non-responders. The results showed that expressions of
8 candidate RNAs, including 4 miRNAs (let-7i-5p, miR-
181a-5p, miR-1843, miR-1307-3p), 2 mRNAs (LZIC,
SRSF6) and 2 IncRNAs (IncFTH1-211, IncPTMA-209),
had a significant difference and consistent expression
trend with the training set between responders and non-
responders (Fig. 1F). Furthermore, we performed ROC
analyses and calculated the AUC to verify their poten-
tial. Let-7i-5p exhibited the highest AUC of 0.812, while
other markers achieved AUC values from 0.723 to 0.785
(Fig. 1G).
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Fig. 1 Differential expression analyses and gene expression signature for each group. The differentially expressed mRNAs (A), miRNAs (B) and
INncRNAs (C) of plasma-derived exosomes enriched fraction between responders and non-responders to NACT. (D) The identified panel of exosomal
RNAs including 9 miRNAs, 5mRNAs and 4 IncRNAs, to discriminate potential responders to NACT in AGC patients. (E) The PCA method was used
to describe gene expression signatures of candidate exosomal RNAs in responders and non-responders. (G) The expression levels of 8 verified
exosomal RNAs with differential expression and consistent expression trend. (H) The ROC analyses of verified 8 exosomal RNAs

A 6-exosome-RNA biomarker model robustly stratifies
efficacy to NACT of patients with AGC

To further explore more effective approaches based
on these exosomal data, we tried to construct multi-

cross-validation was used to overcome over-fitting, and
the optimal A value of 0.1423 was selected. An ensem-
ble of 6 exosomal RNAs (let-7i-5p, miR-1307-3p, LZIC,
SRSF6, IncFTH1-211 and IncPTMA-209) remained with

biomarker models to elevate predictive potency. We
used the least absolute shrinkage and selection operator
(LASSO) Cox regression model to screen the most robust
markers for treatment efficacy (Fig. 2A-B). Ten-fold

individual nonzero coefficients (Fig. 2C), which were
integrated to establish a 6-marker predictive signature
with an intercept of 0.500. The ability of this exosome-
RNA panel to identify responders in the training subset

(See figure on next page.)

Fig. 2 Establishment and validation of a 6-exosome-RNA model. A The linear correlation analysis of 8 validated exosomal biomarkers. B The
most robust predictive genes were identified using the least absolute shrinkage and selection operator (LASSO) Cox regression algorithm. C

An ensemble of 6 genes remained with nonzero coefficients. D The scores of enrolled patients in the training set which were calculated based
on the 6-exosome-RNA model. E-F The boxplot and the receiver operating characteristic (ROC) analyses illustrated the predictive ability of

this 6-exosome-RNA model to identify responders in the training set. G The patients’scores in the validating set calculated according to the
6-exosome-RNA model. H The ROC analysis for the predictive power of the focal 6-exosome-RNA model, and the area under the ROC curve was

0.774
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is demonstrated in the bar graph (Fig. 2D). The box graph
(Fig. 2E) and ROC analyses (Fig. 2F) showed that this
6-exosome-RNA model identified responders to NACT
with a high accuracy (P=0.000011) and AUC value
(AUC=1.00; Specificity: 100%; Sensitivity: 100%).

Subsequently, the accuracy of this 6-exosome-RNA
model was further validated in the new cohort with 43
patients. The results found that the scores of respond-
ers and non-responder based on our constructed model
were significantly different (P<0.05, Fig. 2G). The results
of ROC analyses exhibited an AUC of 0.774 (95%CI:
0.64—0.92) in the validating cohort (Fig. 2H).

Conclusions

Our study indicated that AGC patients who are potential
responders to NACT retained specific circulating exo-
some-derived RNA profiles compared with non-respond-
ers. In this study, the predictive ability of 4 plasma
exosome-derived miRNAs (let-7i-5p, miR-181a-5p, miR-
1843 and miR-1307-3p), 2 mRNAs (LZIC and SRSF6)
and 2 IncRNAs (IncFTH1-211 and IncPTMA-209) were
identified and validated. Furthermore, we developed
a 6-biomarker model that predicted responders with
promising sensitivity, specificity and AUC values both
in the training and testing cohorts. Our biomarkers and
their combination may facilitate individually precision
treatment of NACT for patients with AGC to improve
treatment efficacy.
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Additional file 1: Supplement Fig. 1. Plasma collection, exosome
separation procedure and identification. (A) Flow diagram to show plasma
collection and following treatment. (B) Extraction and sequencing of
RNAs from plasma-derived exosome enriched fractions. (C) Detection of
exosomal markers by western blot. (D) Exosome morphological detection
by transmission electron microscopy. (E) Size distribution of exosomes was
assessed by nanoparticle tracking analysis. (F) The RNA concentration of
exosomes enriched fraction in different groups. (G) The intersection of dif-
ferentially expressed RNAs between healthy donors vs AGC patients and
responders vs non-responders.

Page 5 of 6

Acknowledgements
We are grateful to Mr. Xiang Liu from Echo Biotech (www.echobiotech.com)
for helpful discussion.

Authors’ contributions

JJF, LZY XXF, GT, and TXH designed and conducted experiments and wrote the
paper, GT and TXH conducted experiments and scientific discussion, GXY, ZY,
HY and JB provided patient materials and resources and scientific discussion.
The authors read and approved the final manuscript.

Funding

This work was supported by the joint fund for key projects of National Natural
Science Foundation of China (U20A20371), the National Natural Science Foun-
dation of China (Nos. 81872502, 81972758, 31870805), the Natural Science
Foundation of Beijing (No. 7222023), the National High Technology Research
and Development Program of China (863 Program, No. 2014AA020603), the
third round of public welfare development and reform pilot projects of Beijing
Municipal Medical Research Institutes (Beijing Medical Research Institute,
2019-1),"Double First Class”disciplinary development Foundation of Peking
University (BMU2019LCKXJ011), Beijing municipal administration of hospitals’
youth program (No.QML20181102, QML20201104), Chinese Society of Clinical
Oncology (CSCO) Research Foundation (Y-HR2019-0375), Beijing Municipal
Administration of Hospitals Incubating Program (PX2019040), The Research
Fund for Young Scholars of Beijing (2018000021469G265), Clinical Medicine
Plus X-Young Scholars Project, Peking University, (the Fundamental Research
Funds for the Central Universities, PKU2020LCXQO001), the Science Foundation
of Peking University Cancer Hospital (2020-6, 2022-3).

Availability of data and materials
All data and material can be available from one of the first authors and cor-
responding authors, who can be contacted on the email address.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Peking University Cancer
Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Key Laboratory of Carcinogenesis and Translational Research (Ministry of Edu-
cation/Beijing), Division of Gastrointestinal Cancer Translational Research
Laboratory, Peking University Cancer Hospital & Institute, Beijing 100142, Peo-
ple’s Republic of China. 2Department of Gastrointestinal Surgery, Peking Uni-
versity Cancer Hospital & Institute, Beijing 100142, People’s Republic of China.
*Department of Biomedical Informatics, School of Basic Medical Sciences,
Peking University, Beijing 100191, People’s Republic of China. *Department

of Clinical Laboratory, Peking University First Hospital, Beijing 100034, People’s
Republic of China. *Biological Sample Bank, Peking University Cancer Hospital
& Institute, Beijing 100142, People’s Republic of China.

Received: 7 May 2022 Accepted: 25 November 2022
Published online: 12 December 2022

References

1. Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric can-
cer. Lancet. 2020,396:635-48.

2. Gastric Cancer Association CA-CA. Chinese expert consensus on perio-
perative treatment of locally advanced gastric cancer (2021 version).
Zhonghua Wei Chang Wai Ke Za Zhi. 2021,24:741-8.


https://doi.org/10.1186/s12943-022-01684-9
https://doi.org/10.1186/s12943-022-01684-9
http://www.echobiotech.com

Guo etal. Molecular Cancer ~ (2022) 21:216 Page 6 of 6

3. Ajani JA, DAmico TA, Aimhanna K, Bentrem DJ, Chao J, Das P, et al. Gastric
Cancer, version 3.2016, NCCN clinical practice guidelines in oncology. J
Natl Compr Cancer Netw. 2016;14:1286-312.

4. LiZ Gao X, Peng X, May Chen MJ, Li Z, Wei B, et al. Multi-omics characteri-
zation of molecular features of gastric cancer correlated with response to
neoadjuvant chemotherapy. Sci Adv. 2020;6:eaay4211.

5. LietoE, Auricchio A, Tirino G, Pompella L, Panarese |, Del Sorbo G, et al.
Naples prognostic score predicts tumor regression grade in Resectable
gastric Cancer treated with preoperative chemotherapy. Cancers (Basel).
2021;13:4676.

6. Cancer genome atlas research N. Comprehensive molecular characteriza-
tion of gastric adenocarcinoma. Nature. 2014;513:202-9.

7. Cristescu R, Lee J, Nebozhyn M, Kim KM, Ting JC, Wong SS, et al. Molecular
analysis of gastric cancer identifies subtypes associated with distinct clini-
cal outcomes. Nat Med. 2015;21:449-56.

8. LiZ JiaY, ZhuH, Xing X, Pang F, Shan F, et al. Tumor mutation burden is
correlated with response and prognosis in microsatellite-stable (MSS)
gastric cancer patients undergoing neoadjuvant chemotherapy. Gastric
Cancer. 2021;24:1342-54.

9. Tang XH, Guo T, Gao XY, Wu XL, Xing XF, Ji JF, et al. Exosome-derived
noncoding RNAs in gastric cancer: functions and clinical applications.
Mol Cancer. 2021;20:99.

10. MinL, ZhuS, Chen L, Liu X, Wei R, Zhao L, et al. Evaluation of circulating
small extracellular vesicles derived miRNAs as biomarkers of early colon
cancer: a comparison with plasma total miRNAs. J Extracell Vesicles.
2019;8:1643670.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	A liquid biopsy signature of circulating exosome-derived mRNAs, miRNAs and lncRNAs predict therapeutic efficacy to neoadjuvant chemotherapy in patients with advanced gastric cancer
	Abstract 
	Results and discussion
	Multi-omics characterization of exosomal RNAs correlated with response to NACT in the training sets
	Validation of the candidate exosome-derived RNAs
	A 6-exosome-RNA biomarker model robustly stratifies efficacy to NACT of patients with AGC​

	Conclusions
	Acknowledgements
	References


