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Abstract

detection of CRC.

We provided an overview which evaluated the diagnostic performance of circulation EV biomarkers for CRC from
PubMed, Medline, and Web of Science until 21 August 2022 Weidentified 48 studies that involved 7727 participants
and evaluated 162 plasma/serum individual EV biomarkers including 117 RNAs and 45 proteins, as well as 45 EV
biomarker panels for CRC detection. 12 studies evaluated the diagnostic performance of EV biomarkers for early
CRC. The summarized sensitivity, specificity, and AUC value of individual EV RNAs and EV RNA panels were 76%,
75%, 0.87 and 82%, 79% and 0.90, respectively. Meanwhile, those of individual EV proteins and EV protein panels
were 85%, 84%, 0.92 and 87%, 83%, 0.92, respectively. These results indicated that EV biomarker panels revealed
superior diagnostic performance than the corresponding individual biomarkers. In early CRC, EV biomarkers
showed available diagnostic value with the sensitivity, specificity, and AUC value of 80%, 75%, and 0.89.In
subgroup analyses, EV miRNAs and LncRNAs held similar diagnostic value with the sensitivity, specificity and AUC
value of 75%, 78%, 0.90 and 79%, 72%, 0.83, which was highly consistent with the whole EV RNAs. Significantly,
the diagnostic values of EV miRNAs in plasma were marginally higher than those based on serum. In detail, the
sensitivity, specificity, and AUC values were 79%, 81%, and 0.92 in plasma, as well as 74%, 77%, and 0.88 in serum,
respectively. Therefore, circulation EV biomarkers could be considered as a promising biomarker for the early
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Introduction

Colorectal cancer (CRC) is the third most common can-
cer and the second leading cause of cancer death world-
wide [1]. More than 1.9 million new cases and 935,000
deaths have occurred in the United States in 2020 [1].
In people younger than 50 years old the CRC incidence
rate increases by 1.5% per year from 2014 to 2018 [2]. The
5-year survival rate for advanced CRC is less than 20%,
whereas the 5-year relative survival rate for early stage
CRC can reach 90.9% [3]. Thus, the US preventive ser-
vices task force has recommend major expansions of the
routine screening for CRC in 2021 [4].
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Recommended screening instruments for the risk pop-
ulation are fecal occult blood test and colonoscopy. Fecal
occult blood test is more affordable, less invasive, cost-
effective, and more specificity for advanced CRC, but its
sensitivity is limited both for early and advanced CRC [5,
6].Although endoscopy has a higher sensitivity and speci-
ficity for CRC diagnosis, it is expensive, time-consuming,
and invasive, which also increases the psychological and
social burden on patients [7].Carcinoembryonic anti-
gen (CEA) is another noninvasive method for diag-
nosing CRC, but it has lower sensitivity and is always
significantly elevated in benign diseases [8]. Therefore,
anticipating novel noninvasive biomarkers with power-
ful diagnostic efficiency as screening strategies for early
detection of CRC is critical.

Extracellular vesicles (EVs), which are membrane-
bound particles secreted by nearly all cells, exist in vari-
ous body fluids and contain RNA, DNA, protein, and
lipids. It is well known that EVs can reflect the parent cell
of origin, transmit information between cells, as well as
participate in their physiological and pathological pro-
cesses. Recently, EVs RNAs and proteins as valuable non-
invasive biomarkers have garnered considerable interest
for several cancer screening and diagnosis including pan-
creatic cancer, prostate cancer, gastric cancer, and CRC
[9, 10]. However, whether EV RNAs or EV proteins are
benefit to detection and screening early cancers is incon-
clusive. Both plasma and serum EV biomarkers have
been demonstrated as valuable biomarkers for cancers in
numerous studies, however whether plasma or serum can
be as an ideal source of circulation EVs without affecting
the experimental results is still unclear. The aim of this
study was to summarize the diagnostic performance of
circulation EV RNAs and EV proteins for CRC detection
and to understand the diagnostic value of EV miRNAs in
different circulation specimens.

Methods
The present review and meta-analysis followed a pre-
ferred protocol and the PRISMA guidelines [11].

Selection of studies

We searched PubMed, Medline, and Web of science
databases for literature with the following MeSH terms
up to 21 August 2022: ((Colorectal OR colo* OR rect*)
AND (cancer OR carcinoma OR neoplasm OR tumor OR
malignancy OR adenocarcinoma OR adenoma)) AND
(detection OR diagnosis OR biomarker OR marker OR
sensitivity OR specificity OR area under the curve) AND
(exosome OR Extracellular Vesicles OR exosomal OR
membrane vesicles OR intracellular multivesicular endo-
somes). The search was restricted to studies evaluating
circulation EV biomarkers for CRC detection. Duplicates
were deleted.
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Non-English articles, non-original articles, non-human
studies, not-related CRC articles, and articles not rel-
evant to the topic were all excluded. Then, two investiga-
tors (Jinru Xue and Na Ren) independently reviewed all
potentially relevant studies, the following studies were
included: (1) studies that identified EV biomarkers for
diagnosing CRC in serum, plasma, blood, or peripheral
blood; (2) CRC patients were diagnosed depending on
the cytological or histological examination; (3) studies
reported the diagnostic value of EV biomarkers for CRC
including sensitivity, specificity, area under the curve
(AUC), or receiver operator characteristic (ROC) curve.
Discrepancies were resolved through discussion.

Data abstraction and assessment of methodological study
Pre-designed data collection tables were used and the
two investigators extracted available information from
eligible studies using the tables. The key information
included first author, year of publication, country, popu-
lation characteristics (including sample size, mean age,
and gender distribution), types of blood-based speci-
mens, CRC stage, population composition of control
groups, names or panels of target biomarkers, detection
methods of target biomarkers, preparation approaches
of EVs, sensitivity, specificity, and AUC. The risk of bias
and application for eligible studies were assessed using
the Quality Assessment of Diagnostic Accuracy Studies
2 (QUADAS-2) check list by Review Manager 5.3 [12]. A
funnel plot was used to assess the potential of publica-
tion bias, and we used R software (version 3.5.3, R Foun-
dation, Vienna, Austria) to perform egger’s test to assess
funnel plot symmetry [13].

Statistical analysis

The mean age and sex distribution were calculated
using raw data by R software if these two data were not
reported in eligible studies. We also explored the values
of sensitivity and specificity based on ROC curves using
OriginPro software (version 9.0) according to the maxi-
mum Youden’s index, if these two diagnostic indicators
were not reported.

We summarized the sensitivity, specificity, and AUC
value of EV biomarkers among eligible studies with rel-
evant data Using metaDisc software (version 1.4) by the
random-effect model (DerSimonian-Laird method). The
control groups contained healthy controls and/or benign
diseases, we studied the healthy controls if the relevant
data was available, or we studied them as a whole. The
heterogeneity across studies was assessed by Cocharan’s
Q test and the inconsistency index (I value), with P<0.05
or P>50% as statistically significant heterogeneity. We
performed subgroup analysis to summarize the sensitiv-
ity, specificity, and AUC value of individual EV microR-
NAs (miRNAs), and individual EV long non-coding
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RNAs (LncRNAs) for CRC diagnosis. We also observed
the summarized diagnostic value of the individual EV
miRNAs in serum and plasma for CRC diagnosis, respec-
tively. Finally, we conducted sensitivity analysis to assess
the diagnostic value of individual EV miRNAs detected
by qPCR for CRC.

Results

Results of the search

We identified 4417 studies from the initial search of data-
bases and removed 1495 duplicate studies. We screened
the titles and abstracts of 2922 studies and retrieved 77
full-text studies for eligibility assessment. 29 studies were
excluded: the specimens of 7 studies were not periph-
eral blood;20 studies had no sensitivity, specificity, AUC
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value, or ROC curve; the control group of one study was
all post-operation CRC patients, and in another study
the control group contained several post-operation CRC
patients. Finally, we identified 48 eligible studies for
qualitative and quantitative analysis. The flow chart was
shown in Fig. 1.

Studies characteristics

The 48 eligible studies were all case-control researches
with 4369 CRC and 3358 controls [14-61] 0.39 studies
were carried out in Asia, eight were in Europe, and one
in North America. The mean sample size of CRC groups
was 62 (range from 6 to 410), and the mean sample size
of control groups was 56 (range from 5 to 100). Table
S1-S3 elaborated the detail information of the eligible

PubMed: 2127 Mediline: 695

Web of Science: 1595

Duplicates: 1495

Titles and Abstracts reviewed: 2922

Non-English articles: 13

Non-original articles: 313

Not colorectal cancer articles: 621

Non-human studies: 129

>| Not relevant to the topic: 1769

Full-text screening: 77

Not Peripheral blood studies: 7

No sensitivity, specificity or

AUC value reported: 20

Case group was or contained

post-operation cases: 2

Total: 48 (RNA(n=36), Protein(n=12), panel(n=22))

Fig. 1 The flow chart of the study
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studies, including mean age, sex distribution, number of
cases and controls, detection methods, and CRC clinical
stage. Thirty-seven studies reported the diagnostic value
of individual EV RNAs (miRNAs in twenty-three stud-
ies, IncRNAs in eight studies, circular RNAs (cirRNAs)
in 4studies, messenger RNA (mRNAs) in two studies),
8 of which conducted validation tests (one conducted
external validation test); nine studies reported individual
EV proteins, 2 of which conducted independent valida-
tion tests; 22 studies reported EV biomarker panels, five
of which conducted validation tests (containing three
external validation tests); and twelve studies reported the
diagnostic performance of EV biomarkers for early stage
(stage I and II) CRC, 5 of which conducted validation
tests containing 2 external validation tests.

Ultracentrifugation (UC) is currently recommended
and the most widely used method for EV extraction and
separation. In the present review, 22 studies used UC
for EV extraction, 21 studies used different commercial
kits, one used a size-based isolation technique, one used
immunoaffinity chromatography, one used a Two-Phase
Polymer System, and two did not report the extraction
and isolation methods (Table S4).

Methodological quality of included studies

The results of the methodological quality of the included
studies were summarized in Fig. S1. In total, 23 studies
had unclear risk of patient selection bias because of non-
consecutive or non-random patient selection. 6 studies
had unclear concern of patient selection because gen-
der distribution and mean age were not reported. All 48
studies were of low risk of bias for index test, reference
standard and flow and timing. All 48 studies were of low
concern for application with regard to the index test and
the reference standard. The funnel plot showed reason-
ably symmetrical, and Egger’s test revealed no evidence
of publication bias (P=0.23, Fig. S2).

Diagnostic efficiency

A total of 117 individual EV RNAs (59 contained in pan-
els) with significantly potential diagnostic capability for
CRC were reported in 36 eligible studies, and both the
sensitivity and specificity of 35RNAs exceeded 80%. Ten
RNAs were reported in more than one study (Table 1),
eight of which also appeared in panels (Table S5). The
most frequently reported RNA was miR-21 in five stud-
ies, with the sensitivity ranging from 60 to 95% and the
specificity ranging from 50 to 100%, respectively. In two
studies, both the sensitivity and specificity of miR-21
exceeded 90%, and the specificity even reached 100%
[35, 44].Shi Y et al. discovered and validated four miR-
NAs including miR-126, miR-1290, miR-23a, and miR-
940withexcellent diagnostic efficiency and AUC value
greater than 0.85; Additionally, authors observed and

Table 1 Summary of studies reporting significant associations of RNAs more than once in colorectal cancer

(61) (60) (58) (55) (54) (53) (52) (51) (48) (47) (50) (45) (44) (43) (42) (40) (39) (37) (35) (34) (33) (31) (30) (29) (28) (36) (26) (24) (22) (21) (199 (18) (17) (16) (15) (14) Numberof

RNAs

studies

N NN AN NN NN

A
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O represents RNAs which have only been analyzed individually and not as part of a miRNA panel; A\ represents RNAs which are part of a panel; 1 represents up-regulation; | represents down-regulation
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miR-21
miR-23a
miR-381
miR-425
miR-92
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validated that miR-126, miR-1290, miR-23a, and miR-
940 had respectably diagnostic performance with AUC
value greater than 0.80 for CRC with stage I [21]. Among
36 eligible studies, 11 studies evaluated diagnostic per-
formance of RNAs for early stage (stage I and II) CRC.
CircRNAs seemed to present greater diagnostic effi-
ciency than other RNAs. In an independent validation
test, Pan B et al. discovered circ-0004771 was signifi-
cantly up-regulated in serum of CRC patients with stage
I-1Ib compared to healthy control, with sensitivity of 81%
and specificity of 80% [42]. Validation test in Xie Y et al’s
study showed circ-PNN was clearly up-regulated in CRC
patients with stage I and II, the sensitivity, specificity, and
AUC value were 92%, 69%, and 0.85, respectively [30].

A total of 45 individual EV proteins (21 contained in
panels) with diagnostic value for CRC were reported in 12
studies, both the sensitivity and specificity of 23 proteins
exceeded 80%. Four proteins were reported more than
once, all of which were also reported in panels (Table S6).
EpCAM and CD63 were most frequently reported in 3
studies. Several EV proteins presented excellent diagnos-
tic value for CRC detection. For example, Zheng X et al.
[27]discovered that the sensitivity, specificity, and AUC
value of FGA for CRC detection were 100%, 100%, and
1.00, respectively; Shiromizu T et al [56]separately inves-
tigated the diagnostic value of 22 EV proteins for CRC
patients with stage I and II. In the external validation
test, all 22 proteins could distinguish CRC patients form
healthy controls. For patients with stage I, the AUC value
of 18 proteins was greater than 0.80, and the AUC value
of ANXA11, ANXA3, ANXA4, TFRC, GLUT-1, CD88,
MMP9, CEACAMS, ANXA5, OLFM4, and LCN2 were
greater than 0.90.

45 EV biomarker panels with diagnostic performance
for CRC were derived among 21 studies, seven of which
was verified in validation test, and more than half of the
panels (29 panels) with both the sensitivity and specific-
ity exceeded 80%. Wei P et al. discovered that CD63com-
bined with EpCAM had 100% sensitivity and 100%
specificity, while CD63 combined with CD9 had 93%sen-
sitivity and 96% specificity, respectively. Shiromizu T
reported 13 EV protein panels for distinguishing CRC
patients with stage II from healthy controls; the results
demonstrated high diagnostic power, with AUC values
all exceeding 0.80 [56]. 4 RNA panels performed highest
sensitivity for diagnosing CRC, with all of them reaching
100% [36, 52].0ne miRNA panel comprised of miR-92a
and miR-141 showed95% sensitivity and 100% specificity
[17]. In general, EV biomarker panels outperformed indi-
vidual EV biomarkers for CRC diagnosis.

Results of meta-analysis
The summarized sensitivity, specificity, and AUC value
of EV RNAs for diagnosing CRC were 76%, 75% and
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0.86(Fig. 2); and 82%, 79%, and 0.90for RNA panels,
(Fig. 3). The summarize sensitivity, specificity, and AUC
value of EV proteins for diagnosing CRC were85%, 84%
and 0.92 (Fig. 4); 87%, 83%, and 0.92 for protein panels
(Fig. 5). Overall, EV biomarker panels revealed greater
diagnostic efficiency than the corresponding individual
EV biomarkers for CRC. CRC stage subgroup analysis
carried out in twelve studies. We summarized the diag-
nostic value of the EV biomarkers for CRC patients with
stage I-1I, the sum of the sensitivity, specificity, and AUC
value were 80%, 75%, and 0.89, which indicated their rela-
tive good diagnostic performance (Fig. 6).

To explore the diagnostic advantage of EV RNAs,
we performed subgroup analysis based on miRNA and
LncRNAs. The sum of the sensitivity, specificity, and AUC
value of EV miRNAs were75%, 78%, and 0.90(Fig. 7); the
sum of the sensitivity, specificity, and AUC value of EV
LncRNAs were79%, 72%, and 0.83 (Fig. S3). The diagnos-
tic value of EV miRNAs and EV LncRNAs were found to
be consistent with the whole EV RNAs. Subgroup analy-
sis were also used to summarize the diagnostic value of
EV miRNAs in plasma and in serum. It was easily found
that the diagnostic value of EV miRNAs in plasma was
slightly higher than that in serum. In detail, the summa-
rized sensitivity, specificity, and AUC value were 79%,
81%, and 0.92 (Fig. 8), and 74%, 77%, and 0.88 (Fig. 9),
respectively. Sensitivity analysis was then used to assess
the diagnostic performance of EV miRNAs detected by
qPCR. The result demonstrated that the sum of the sensi-
tivity, specificity, and AUC value were75%, 78%, and 0.90,
respectively, which was similar with the whole miRNAs
(Fig. S4).

Regulation direction of EV RNAs

The majority of RNAs were reported in 1 study and the
dys-regulation direction of these RNAs was consistently
up-regulated. 10 miRNAs were reported in at least 2
studies, and 7 of them had contradictory directions
(Table 1). MiR-21, the most frequently reported RNA,
was up-regulated in 4 studies, down-regulated in 1 study.
MiR-150was down-regulated in 2 studies and up-regu-
lated in 1 study.

Discussion

Our review concentrated on the diagnostic performance
of plasma/serum EV RNAs and EV proteins for CRC. 48
studies met the inclusion criteria for evaluating the diag-
nostic performance of 117 EV RNAs and 45 EV proteins
based on serum/plasma for detection CRC from 2014 to
2022. The control groups of most included studies were
healthy people while only 4 studies chose noncancerous
populations as control groups including adenoma, benign
intestinal diseases, as well as vascular diseases.22 studies
integrated individual RNAs or proteins into panels and
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Fig. 2 The summary of diagnostic performance of EV RNAs for colorectal cancer including (A) forest plot, (B) ROC curve

found that the diagnostic performance of panels gener-
ally outperformed that of individual RNAs or proteins.12
studies focused on the diagnostic performance of EV
biomarkers for CRC patients with stage I-II and further
demonstrated their powerful diagnostic efficiency with
an AUC value of 0.89.Although promising, well-designed
prospective diagnostic accuracy studies are highly

required owing to the fact that all of the included studies
were case-control tests.

EVs derives from the original of cells contained simi-
lar nucleic acids and proteins, which played a crucial role
in the communication between cancer cells themselves
and between the cancer and cancer microenvironment.
MiRNAs, LncRNAs, mRNAs, and circRNAs belonged
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Fig. 3 The summary of diagnostic performance of EV RNA panels for colorectal cancer including (A) forest plot, (B) ROC curve
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Fig. 4 The summary of diagnostic performance of EV proteins for colorectal cancer including (A) forest plot, (B) ROC curve
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to noncoding RNAs, which could not encode protein
and perform their biological functions at the RNA lev-
els. RNAs could modulate several signaling pathways in
colorectal cancer cell proliferation, apoptosis, and migra-
tion. Eoxsome miR-25-3p promoted colorectal cancer
development by inducing vascular permeability and
angiogenesis [62].MiR-590-5p was upregulated in the
CRC tissues compared with normal tissues, which inhib-
ited CRC angiogenesis mainly by affecting NR-90/VEGE-
A, reducing the enhanced migration ability of cancer
cells [63]. Exosome LcnRNA-UCAIlcould promote CRC
cell proliferation via the miR-143/MYO6 axis.LcnRNA-
UCAL could be transmitted into CRC cells, resulting
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in the increased expression of MYO6 by sponging with
miR-143 and promoting the malignancy of CRC [64].Cir-
cLONP2 could modulate the maturation and exosomal
dissemination of miR-17 to enhance the invasion and
metastasis of CRC [65]. Circ-IFT80 contributed to the
tumorigenesis of CRC via regulating miR-296-5p/MSI1
axis [66]. EV proteins could reflect their subcellular ori-
gin and the donor cell type, directing their targeting and
capture by recipient cells. For example, MUC1/CA153
could promote tumor invasion when expressed in its
highly-glycosylated isoform [67]. Therefore, protein pro-
filing of EVs was also indispensable for CRC diagnosis.



Shi et al. BMC Cancer (2024) 24:623 Page 8 of 14

A Sensitivity (95% C1) Specificity (95% CI) B

- 2016.Willms A/panelY 0.96 (0.86 - 1.00) ——— 2016.Willms A/panelY 056 (0.41-0.71)
2017. Menck K/panelZ 0.71 (0.53-0.85) —@— | 2017. Menck KipanelZ 0.86 (0.74-0.94)
2018. Lee C/panela 0.76 (0.59-0.88) T 2018. Lee C/panela 067 (0.47-0.83)
2020. Wei P/panelb 093 (0.88-0.97) —@-| 2020. Wei P/panelb 096 (0.85-0.99) Sensitivity SROC Curve.

P 2020. Wei P/panelc 1.00 (0.98 - 1.00) —® 2020. Wei P/panelc 1.00 (0.92-1.00) bl
2021. Sun Z/paneld 063 (0.44-0.80) 2021. Sun Z/paneld 0.95 (0.75-1.00)
2021.Nazarova Upanele 075 (0.51-091) 2021.Nazarova l/panele 0.85 (0.62-0.97;
2021.Nazarova l/panelf 055 (0.32-0.77) 2021.Nazarova l/panelf 0.95 (0.75-1.00)
2021.Nazarova Upanelg  0.75 (0.55-0.89) s 2021.Nazarova llpanely 083 (0.65-0.94)
2017. Shiromizu T/panelh  0.88 (0.70 - 0.98) 2017. Shiromizu T/panelh  0.85 (0.65 - 0.96)
2017. Shiromizu T/paneli 0.88 (0.70-0.98) 2017. Shiromizu T/paneli 0.85 (0.65-0.96)
2017. Shiromizu T/panelj 092 (0.75-0.99) 2017. Shiromizu T/panelj 0.85 (0.65-0.96)
2017. Shiromizu T/panelk  0.88 (0.70 - 0.98) 2017. Shiromizu T/panelk ~ 0.88 (0.70 - 0.98)
2017. Shiromizu T/panell 088 (0.70-0.98) 2017. Shiromizu T/panell 0.85 (0.65-0.96)
2017. Shiromizu T/panelm  0.96 (0.80 - 1.00) 2017. Shiromizu T/panelm  0.85 (0.65 - 0.96)
2017. Shiromizu T/paneln  0.81 (0.61-0.93) 2017. Shiromizu T/panein ~ 0.77 (0.56 - 0.91)
2017. Shiromizu T/panelo  0.69 (0.48 - 0.86) 2017. Shiromizu T/panelo  0.73 (0.52 - 0.88)
2017. Shiromizu T/panelp  0.81 (0.61-0.93) 2017. Shiromizu T/panelp  0.81 (0.61-0.93)
2017. Shiromizu T/panelq  0.81 (0.61-0.93) 2017. Shiromizu T/panelq  0.81 (0.61-0.93)
2017. Shiromizu T/panelr  0.81 (0.61-0.93) * 2017. Shiromizu T/panelr ~ 0.77 (0.56 - 0.91)
2017. Shiromizu T/panels 081 (0.61-0.93) 2017. Shiromizu T/panels  0.85 (0.65 - 0.96)
2017. Shiromizu T/panelt ~ 0.96 (0.80 - 1.00) 2017. Shiromizu T/panelt 092 (0.75-099)

0 z 0 O O
tapaciicty
. Pooled Sensitivity = 0.87 (0.85 to 0.89) b Pooled Specificity = 0.83 (0.80 to 0.86)
Chi-square = 109.98; df = 21 (p = 0.0000) Chi-square = 59.17; df = 21 (p = 0.0000)
& 4 6 Inconsistency (I-square) = 80.9 % P 4 6 8 Inconsistency (I-square) = 64.5 %
Sensitivity Specificity

Fig. 5 The summary of diagnostic performance of EV protein panels for colorectal cancer including (A) forest plot, (B) ROC curve
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Fig. 6 The summary of diagnostic performance of EV biomarker for colorectal cancer with stage |-l including (A) forest plot, (B) ROC curve
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Fig. 7 The summary of diagnostic performance of EV miRNAs for colorectal cancer including (A) forest plot, (B) ROC curve
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Fig. 8 The summary of diagnostic performance of EV miRNAs for colorectal cancer in plasma subgroup including (A) forest plot, (B) ROC curve
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Fig. 9 The summary of diagnostic performance of EV miRNAs for colorectal cancer in serum subgroup including (A) forest plot, (B) ROC curve

EVs could facilitate intercellular communication
by transferring genetic information via RNAs includ-
ing miRNAs, mRNAs, and LncRNAs [68]. RNAs could
directly represent the expression level of specific genes,
as well as mediate cancer development and metastasis
[69]. EV RNAs could protect from RNase-mediated deg-
radation and stably existed in plasma and serum [70].
Therefore, circulation EV RNAs were considered as novel
noninvasive biomarkers for CRC, and numerous studies
indicated that EV RNAs could differentiate CRC patients
from noncancerous and healthy controls. Similar to pre-
vious findings, we observed a large number of EV RNAs
with available diagnostic performance for CRC, but the
overlap rates of these RNAs were low. Among all these
RNAs, miRNAs and IncRNAS were studied most exten-
sively, both these two RNAs could directly regulate the
gene expression at epigenetic, transcriptional, and post-
transcriptional level. The expression levels of miRNAs
and LncRNAs contained in EVs were abundant while
their function were well studied in various pathological
and phrsiological processes [71]. Where the levels of cir-
cRNAs in EVs might be modulated by changes in associ-
ated miRNA levels in donor cells, and circRNAs serves
as miRNA and protein sponges [72, 73], the function of
which existing in EVs still lacked evidence.MiR-21 was
the most frequently reported and the regulation direc-
tion of most of them was upregulated, indicating which
might be a promising EV miRNA for CRC diagnosis.
As the first oncomiRs, MiR-21was also found upregu-
lated and studied as a promising diagnostic and prog-
nostic biomarker for several other cancers [74], whether
miR-21 could be as a CRC-specific diagnostic biomarker
needed analysis. The regulation direction of the remain-
ing repeatedly reported miRNAs, except miR-92, were
almost contradictory. The inconsistencies in these studies

needed more repetition results to demonstrate. EpCAM,
CD63, CDY, and CD147 were repeatedly recognized as
positive protein in EVs in CRC, the 4proteins were all
tetraspanins (also termed 4-transmembrane cross-linked
proteins) and were indicated to facilitate the entry of spe-
cific cargos into EVs [75].Thus, these 4 proteins could be
used as a biomarker panel, which was also specificity for
CRC, to improve the diagnostic efficiency for CRC. Tay-
lor et al. suggested that using cancer-specific EVs, such
as EpCAM-positive or GPC1-positive EVs, could help
overcome the limitation and improve the diagnostic effi-
ciency for CRC [76, 77].In the current review, EV pro-
teins revealed superior diagnostic performance for CRC,
with summarized diagnostic values that were higher than
EV RNAs. Thus, combining EV RNAs and proteins might
improve the sensitivity and specificity for CRC diagnosis.
However, large population-based cross-sectional studies
were still needed to identify optimal EV RNA and pro-
tein panels that could be used in clinical care to diagnose
early stage CRC.

Blood was the richest source of EVs, as well as the
composition profiles of plasma and serum were simi-
lar. Plasma and serum were both used as the potential
sources of circulation EVs, though plasma was more com-
monly used [78].In this study, we conducted subgroup
analysis to separately summarize the diagnostic value of
EV miRNAs in serum and plasma for CRC. Similar with
the previous studies, the findings indicated that the diag-
nostic value of EV miRNAs in plasma was slightly higher
than that in serum, implying that plasma was more suit-
able as a source of circulation EVs biomarkers for diag-
nosing CRC. It was well known that platelet could release
a portion of EVs especially when activated [79]. During
the process of serum collection, blood coagulation could
activate platelet. Consequently, serum EVs were highly
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contaminated by platelet-derived EVs, which might quali-
tatively and quantitatively alter EV profiles when serum
used as a source of circulation EVs [57, 80-82]. Several
anticoagulants were used during the plasma collection,
including EDTA, citrate, and heparin. Citrate or EDTA
could decrease or eliminate EVs in plasma by inducing
EVs to bind to platelets or other formed elements [83].
Palviainen et al. also detected different particle numbers
and proteins of EVs in plasma collected using EDTA,
citrate, and acid citrate [81]. But Zhang X et al. demon-
strated the numbers and diameters of EVs exhibited no
differences in plasma collected using EDTA, citrate, and
heparin [80]. It has been reported that calcium chelators,
such as EDTA and citrate, but not heparin, promote the
association of EVs and platelets, and lower the apparent
count of EV particle in plasma [83]. The use of EDTA,
citrate, and acid citrate dextrose (ACD) results in differ-
ences in particle number and protein profiles of plasma
EVs [81]. One recent side-by-side study reported that
CD9+/CD41a+EVs are released during blood collection
or released in vitro in the collection tube by comparing
different anticoagulants, and that ECTA-plasma contains
more residual platelets and CD9+EVs than ACD-plasma
and serum and the differences in CD9+vesicles might
therefore be at least partly due to post-collection activa-
tion of platelets in EDTA tubes [84]. However, another
study using blood samples form mice demonstrated the
numbers and diameters of EVs in plasma collected using
EDTA, citrate, and heparin had no differences [80].
Therefore, more research was highly needed to deter-
mine whether the use of anticoagulants showed an effect
on the EV biomarkers in plasma.

Mircrovesicles (MVs) with a size of 50-1000 nm and
exosomes with a size of 40-100 nm were collectively
called EVs used in the cancer biomarker research. These
two types of vesicles differed not only in size but also in
origin. MVs were directly released form cell membranes,
whereas exosomes were intracellular in origin. Although
the biomolecules including DNA, RNA, lipid and pro-
teins contained in EVs were highly similar, their concen-
trations differed, as well as exosomes were the richest
reservoir for mRNAs and IncRNAs [60, 85, 86].Thereby,
exosomes might be ideal candidate RNA carriers when
using RNAs to diagnose CRC. In this review, several
studies used EVs RNAs as biomarkers for CRC, which
could increase the heterogeneity of summarized sensi-
tivity, specificity, and AUC values of subgroup analysis.
Owing to the number of included studies only focused
on miRNAs, mRNAs, or LcnRNAs in exosomes or MVs
were limited, we did not conduct subgroup analysis to
demonstrate the aforementioned issue. This issue must
be resolved in the future for further application of these
noninvasive biomarkers in daily clinical settings.
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EVs were heterogeneous in size and count, making
isolation and separation more difficult. Efficient extrac-
tion of EVs and development of a direct quantification
method were major issues of circulation biomarkers.
Recently, UC became the most widely used and the rec-
ommended method for EV isolation and separation.
However, there was no uniform protocol standardiza-
tion step in the centrifugation time, centrifugal force,
rotor type, or parameters that influenced the purity and
yield of EVs [87, 88]. In the current systematic review,
22 studies used UC to isolate EVs, with varying cen-
trifugal times and numbers, which might highly affect
the purity and concentration of target EVs. In addition,
UC was not conducive to clinical application due to its
time consumption, high cost, structural damage, aggre-
gation into blocks, co-sedimentation, and lipoprotein
co-separation [89, 90]. Size-based isolation techniques,
immunoaffinity charomatography, and other new isola-
tion techniques were also used for EV extraction, which
might be suitable for extracting EVs from plasma and
serum, but there were limited number of studies on these
techniques [23, 36, 51]. Size-based isolation techniques
separated molecules by virtue of their size, where mol-
ecules larger than the pores of the stationary phase pass
through the column faster by avoiding entering the pores
while smaller molecules diffuse into the pores and have
longer retention times [91]. The advantages include pre-
serving the structural integrity of EVs, low infrastructural
demand; and the main disadvantage is the co-isolation
of other components of similar sizes, such as lipoproteis
[92, 93]. The immunoaffinity-based method enriches EVs
expressing specific antibody-recognized proteins, only a
subset of all EVs may be captured, which can result in a
low yield and high quality EV isolation [94, 95]. Polymer-
system based EVs isolation method strongly combines
with water molecules while less soluble components like
EVs precipitate, which takes the shortest time but results
high level of contamination [96]. Most commercially EV
isolation kits based on polymer-system base enrichment,
such as Exoquick and Total Exosome Isoltaion Kit. EVs
are emerging as a potential diagnostic and therapeutic
tool. To achieve this diagnostic potential in clinical appli-
cations, fast and standardized EVs isolation method with
small quantities of biosamples is essential, which can-
not be achieved by using the conventional UC method.
Although recent reports showed significantly reduced
enrichment duration, for example, down to less than 1 h,
using small amounts of biosamples, for example, less
than 100 pl. With the development of the novel EVs isola-
tion methods, applying this method in conjunction with
other techniques might result in higher yield and purity
and will be an essential contributor for EVs to be used in
the clinical field.
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Conclusion

Circulation EV RNAs and relative proteins appeared to
reveal great promise as novel noninvasive biomarkers
for CRC detection in its early stage. Lots of scientific evi-
dence demonstrated plasma/serum EV RNAs and pro-
teins in cancer diagnosis, as well as the functional roles of
these molecules contained in EVs in cancer development
and metastatic, however verifying these EV RNAs and
proteins was still critical. Meanwhile, standardization of
methodology and specimen identification could reduce
the bias in the diagnostic performance of EV biomarkers
and aid in the clinical feasibility of EV RNAs and proteins
for CRC diagnosis. Our systematic review thereby indi-
cated that circulation EV biomarkers could be considered
as a promising biomarker for the detection of CRC, and
CRC specific-RNAs combined with proteins in plasma
EVs could be unexpected biomarker panels for CRC
diagnosis.

Abbreviations

CRC Colorectal cancer

USPSTF US preventive services task force
CEA Carcinoembryonic antigen

AUC Area under the curve

ROC Receiver operator characteristic
QUADAS-2  Quality Assessment of Diagnostic Accuracy Studies 2
miRNA MicroRNA

LncRNA Long non-coding RNAs

CirRNAs Circular RNAs

mMRNAs Message RNA

uc Ultralcentrifugation

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512885-024-12312-8.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4
Supplementary Material 5
Supplementary Material 6
Supplementary Material 7
Supplementary Material 8
Supplementary Material 9

Supplementary Material 10

Acknowledgements

Financial support was provided by Jilin Province Science and Technology
Development Plan Project (212558JC010484001), Scientific Program of
Tongzhou District, Beijing (NO. KJ2023CX001), and Research Foundation of
Beijing Friendship Hospital, Capital Medical University (NO. yyqdkt2020-12).

Author contributions

E. Jia and J. Xue conceived and designed this study. X. Shi acquired,
analyzed the data, as well as wrote the original manuscript. X. Zhao acquired
and analyzed the data of the manuscript. All authors approved the final
manuscript.

Page 12 of 14

Funding

Financial support was provided by Jilin Province Science and Technology
Development Plan Project (212558JC010484001), Scientific Program of
Tongzhou District, Beijing (NO. KJ2023CX001), and Research Foundation of
Beijing Friendship Hospital, Capital Medical University (NO. yyqdkt2020-12).

Data availability
All data generated or analyzed during this study are included in this published
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 6 September 2023 / Accepted: 25 April 2024
Published online: 22 May 2024

References

1. SungH, Ferlay J, Siegel RL, et al. Global Cancer statistics 2020: GLOBOCAN
estimates of incidence and Mortality Worldwide for 36 cancers in 185 coun-
tries. Cancer J Clin. 2021;71(3):209-49.

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. Cancer J Clin.
2022;72(1):7-33.

3. National Cancer Institute Surveillance E, and End Results Program.: Cancerstat
facts: colorectal cancer. 2021, Accessed January 28, https://seer.cancer.gov/
statfacts/html/colorect.html.

4. Horn DM, Haas JS. Expanded lung and Colorectal Cancer Screen-
ing - Ensuring Equity and Safety under New guidelines. N Engl J Med.
2022;386(2):100-2.

5. Parra-Blanco A, Gimeno-Garcia AZ, Quintero E, et al. Diagnostic accuracy
of immunochemical versus guaiac faecal occult blood tests for colorectal
cancer screening. J Gastroenterol. 2010;45(7):703-12.

6. van Rossum LG, van Rijn AF, Laheij RJ, et al. Random comparison of guaiac
and immunochemical fecal occult blood tests for colorectal cancerin a
screening population. Gastroenterology. 2008;135(1):82-90.

7. Taylor DP, Cannon-Albright LA, Sweeney C, et al. Comparison of compliance
for colorectal cancer screening and surveillance by colonoscopy based on
risk. Genet Medicine: Official J Am Coll Med Genet. 2011;13(8):737-43.

8. LiuZ ZhangY,NiuY, et al. A systematic review and meta-analysis of diag-
nostic and prognostic serum biomarkers of colorectal cancer. PLoS ONE.
2014,9(8):103910.

9. YuW, Hurley J, Roberts D, et al. Exosome-based liquid biopsies in cancer:
opportunities and challenges. Annals Oncology: Official J Eur Soc Med Oncol.
2021;32(4):466-77.

10. Wu H, Fu M, Liu J, et al. The role and application of small extracellular vesicles
in gastric cancer. Mol Cancer. 2021;20(1):71.

11. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021,372:n71.

12. Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised tool for
the quality assessment of diagnostic accuracy studies. Ann Intern Med.
2011;155(8):529-36.

13.  Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315(7109):629-34.

14. Zheng R, Zhang K, Tan S et al. Exosomal circLPART functions in colorectal
cancer diagnosis and tumorigenesis through suppressing BRD4 via METTL3-
elF3h interaction. Mol Cancer 2022, 21(1).

15. Wang L, Song X, Yu M, et al. Serum exosomal mir-377-3p and mir-381-3p as
diagnostic biomarkers in colorectal cancer. Future Oncol. 2022;18(7):793-805.

16.  Qiao D, Gu C, Wang W et al. Tumor-Originated Exosomal hsa-miR-3937 as a
Minimally Invasive Early Biomarker for Liquid Biopsy of Colorectal Cancer. J
Oncol 2022, 2022.


https://doi.org/10.1186/s12885-024-12312-8
https://doi.org/10.1186/s12885-024-12312-8
https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/colorect.html

Shi et al. BMC Cancer

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

(2024) 24:623

Kim'S, Han J, Park JS et al. DNA barcode-based detection of exosomal microR-
NAs using nucleic acid lateral flow assays for the diagnosis of colorectal
cancer. Talanta 2022, 242.

Guo T-A, Lai H-Y, Li C et al. Plasma extracellular vesicle long RNAs have poten-
tial as biomarkers in early detection of Colorectal Cancer. Front Oncol 2022,
12.

Yu M, Song X-g, Zhao Y-.: Circulating serum Exosomal Long non-coding
RNAs FOXD2-AST, NRIR, and XLOC_009459 as diagnostic biomarkers for
Colorectal Cancer. Front Oncol 2021, 11.

Sun Z,Ji S, Wu J et al. Proteomics-based identification of candidate exosomal
glycoprotein biomarkers and their value for diagnosing Colorectal Cancer.
Front Oncol 2021, 11.

ShiY, Zhuang Y, Zhang J, Chen M, Wu S. Four circulating exosomal miRNAs
as novel potential biomarkers for the early diagnosis of human colorectal
cancer. Tissue Cell 2021, 70.

Rodriguez-Cobos J, Vifial D, Poves C, Ferndndez-Acefiero MJ. ANp73, TAp73
and A133p53 Extracellular Vesicle Cargo as early diagnosis markers in
Colorectal Cancer. Cancers 2021, 13(9).

Nazarova |, Slyusarenko M, Sidina E et al. Evaluation of Colon-Specific Plasma
Nanovesicles as new markers of Colorectal Cancer. Cancers 2021, 13(15).
Han L, ShiW-J, Xie Y-B, Zhang Z-G. Diagnostic value of four serum exosome
microRNAs panel for the detection of colorectal cancer. World J Gastrointest
Oncol. 2021;13(8):970-9.

Ganig N, Baenke F, Thepkaysone M-L et al. Proteomic analyses of fibroblast-
and serum-derived exosomes identify QSOX1 as a marker for non-invasive
detection of Colorectal Cancer. Cancers 2021, 13(6).

Cui X, Lv Z, Ding H, Xing C, Yuan Y. MiR-1539 and its potential role as a Novel
Biomarker for Colorectal Cancer. Front Oncol 2021, 10.

Zheng X, Xu K, Zhou B et al. A circulating extracellular vesicles-based novel
screening tool for colorectal cancer revealed by shotgun and data-indepen-
dent acquisition mass spectrometry. J Extracell Vesicles 2020, 9(1).

Zhang N, Zhang PP, Huang JJ, et al. Reduced serum exosomal miR-874
expression predicts poor prognosis in colorectal cancer. Eur Rev Med Phar-
macol Sci. 2020;24(2):664-72.

Yu J, Dong W, Liang J. Extracellular vesicle-transported long non-coding RNA
(LncRNA) X inactive-specific transcript (XIST) in serum is a potential Novel
Biomarker for Colorectal Cancer diagnosis. Med Sci Monit 2020, 26.

Xie'Y, Li J, Li P et al. RNA-Seq profiling of serum exosomal circular RNAs reveals
Circ-PNN as a potential biomarker for human colorectal Cancer. Front Oncol
2020, 10.

WeiR, Chen L, Qin D et al. Liquid Biopsy of Extracellular vesicle-derived
miR-193a-5p in Colorectal Cancer and Discovery of its tumor-suppressor
functions. Front Oncol 2020, 10.

Wei P, Wu F, Kang B et al. Plasma extracellular vesicles detected by single
molecule array technology as a liquid biopsy for colorectal cancer. J Extracell
Vesicles 2020, 9(1).

Sun L, Liu X, Pan B, et al. Serum exosomal miR-122 as a potential diagnostic
and prognostic biomarker of colorectal cancer with liver metastasis. J Cancer.
2020;11(3):630-7.

LiuW,Yang D, Chen L, et al. Plasma Exosomal miRNA-139-3p is a Novel
Biomarker of Colorectal Cancer. J Cancer. 2020;11(16):4899-906.

de Miguel Perez D, Rodriguez Martinez A, Ortigosa Palomo A et al. Extracel-
lular vesicle-miRNAs as liquid biopsy biomarkers for disease identification
and prognosis in metastatic colorectal cancer patients. Sci Rep 2020, 10(1).
Cha BS, Park KS, Park JS. Signature mRNA markers in extracellular vesicles for
the accurate diagnosis of colorectal cancer. J Biol Eng 2020, 14(1).

Zou S-L, Chen Y-L, Ge Z-Z, et al. Downregulation of serum exosomal mir-
150-5p is associated with poor prognosis in patients with colorectal cancer.
Cancer Biomark. 2019;26(1):69-77.

Zhong M-E, Chen Y, Xiao Y, et al. Serum extracellular vesicles contain SPARC
and LRGT as biomarkers of colon cancer and differ by tumour primary loca-
tion. Ebiomedicine. 2019;50:211-23.

ZhaoYJ, Song X, Niu L et al. Circulating Exosomal Mir-150-5p and miR-99b-5p
as diagnostic biomarkers for Colorectal Cancer. Front Oncol 2019, 9.
ZhaoY,DuT, Du L et al. Long noncoding RNA LINC02418 regulates MELK
expression by acting as a ceRNA and may serve as a diagnostic marker for
colorectal cancer. Cell Death Dis 2019, 10.

Sun B, LiY, ZhouY, et al. Circulating exosomal CPNE3 as a diagnos-

tic and prognostic biomarker for colorectal cancer. J Cell Physiol.
2019,234(2):1416-25.

Pan B, Qin J, Liu X et al. Identification of serum Exosomal hsa-circ-0004771 as
a Novel Diagnostic Biomarker of Colorectal Cancer. Front Genet 2019, 10.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 13 of 14

Oehme F, Krahl S, Gyorffy B, et al. Low level of exosomal long non-coding
RNA HOTTIP is a prognostic biomarker in colorectal cancer. RNA Biol.
2019;16(10):1339-45.

Min L, Zhu S, Chen 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(1).

Min L, Chen L, Liu S, et al. Loss of circulating Exosomal miR-92b is a Novel Bio-
marker of Colorectal Cancer at Early Stage. Int J Med Sci. 2019;16(9):1231-7.
Tian'Y, Ma L, Gong M, et al. Protein profiling and sizing of Extracellular
vesicles from Colorectal Cancer patients via Flow Cytometry. ACS Nano.
2018;12(1):671-80.

Liu X, Pan B, Sun L, et al. Circulating Exosomal miR-27a and miR-130a Act as
Novel Diagnostic and Prognostic biomarkers of Colorectal Cancer. Cancer
Epidemiol Biomarkers Prev. 2018;27(7):746-54.

Liu L, Meng T, Yang XH, et al. Prognostic and predictive value of long non-
coding RNA GAS5 and mircoRNA-221 in colorectal cancer and their effects
on colorectal cancer cell proliferation, migration and invasion. Cancer
Biomark. 2018;22(2):283-99.

Lee C-H, Im E-J, Moon P-G, Baek M-C. Discovery of a diagnostic biomarker for
colon cancer through proteomic profiling of small extracellular vesicles. BMC
Cancer 2018, 18.

Hu D, ZhanY, Zhu K, et al. Plasma Exosomal Long non-coding RNAs serve as
biomarkers for early detection of Colorectal Cancer. Cell Physiol Biochem.
2018,51(6):2704-15.

Fu F, Jiang W, Zhou L, Chen Z. Circulating Exosomal Mir-17-5p and miR-
92a-3p Predict Pathologic Stage and Grade of Colorectal Cancer. Trans| Oncol.
2018;11(2):221-32.

Barbagallo C, Brex D, Caponnetto A, et al. LncRNA UCA1, upregulated in CRC
Biopsies and downregulated in serum exosomes, controls mRNA expression
by RNA-RNA interactions. Mol Ther Nucleic Acids. 2018;12:229-41.

Zhu M, Huang Z, Zhu D, et al. A panel of microRNA signature in serum for
colorectal cancer diagnosis. Oncotarget. 2017;8(10):17081-91.

Yu B, Du Q LiH, et al. Diagnostic potential of serum exosomal colorec-

tal neoplasia differentially expressed long non-coding RNA (CRNDE-p)

and microRNA-217 expression in colorectal carcinoma. Oncotarget.
2017,8(48):83745-53.

Wang J, Yan F, Zhao Q et al. Circulating exosomal miR-125a-3p as a novel
biomarker for early-stage colon cancer. Sci Rep 2017, 7.

Shiromizu T, Kume H, Ishida M et al. Quantitation of putative colorectal
cancer biomarker candidates in serum extracellular vesicles by targeted
proteomics. Sci Rep 2017, 7.

Menck K, Bleckmann A, Wachter A, et al. Characterisation of tumour-derived
microvesicles in cancer patients'blood and correlation with clinical outcome.
J Extracell Vesicles. 2017:6(1):1-16.

Yuan T, Huang X, Woodcock M et al. Plasma extracellular RNA profiles in
healthy and cancer patients. Sci Rep 2016, 6.

Willms A, Mueller C, Julich H, et al. Tumour-associated circulating mic-
roparticles: a novel liquid biopsy tool for screening and therapy monitor-

ing of colorectal carcinoma and other epithelial neoplasia. Oncotarget.
2016;7(21):30867-75.

Dong L, Lin W, Qi P et al. Circulating long RNAs in serum extracellular vesicles:
their characterization and potential application as biomarkers for diagnosis of
Colorectal Cancer. Cancer Epidemiol Biomarkers Prev. 2016,25(7):1158-66.
Ogata-Kawata H, Izumiya M, Kurioka D et al. Circulating exosomal microRNAs
as biomarkers of Colon cancer. PLoS ONE 2014, 9(4).

Zeng Z, LiY, PanY, et al. Cancer-derived exosomal mir-25-3p promotes pre-
metastatic niche formation by inducing vascular permeability and angiogen-
esis. Nat Commun. 2018;9(1):5395.

Zhou Q Zhu'Y, Wei X, et al. MiR-590-5p inhibits colorectal cancer angiogen-
esis and metastasis by regulating nuclear factor 90/vascular endothelial
growth factor A axis. Cell Death Dis. 2016;7(10):e2413.

LuanY, Li X, Luan'Y, et al. Circulating INcRNA UCAT promotes malignancy

of Colorectal Cancer via the miR-143/MYO6 Axis. Mol Ther Nucleic Acids.
2020;19:790-803.

Han K, Wang FW, Cao CH, et al. CircLONP2 enhances colorectal carcinoma
invasion and metastasis through modulating the maturation and exosomal
dissemination of microRNA-17. Mol Cancer. 2020;19(1):60.

Feng W, Gong H, Wang Y, et al. circIFT80 functions as a ceRNA of mir-
1236-3p to promote Colorectal Cancer Progression. Mol Ther Nucleic Acids.
2019;18:375-87.



Shi et al. BMC Cancer

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

(2024) 24:623

Menck K, Scharf C, Bleckmann A, et al. Tumor-derived microvesicles mediate
human breast cancer invasion through differentially glycosylated EMMPRIN. J
Mol Cell Biol. 2015;7(2):143-53.

Kosaka N, Yoshioka Y, Fujita Y, Ochiya T. Versatile roles of extracellular vesicles
in cancer. J Clin Investig. 2016;126(4):1163-72.

Lo YM. Circulating nucleic acids in plasma and serum: an overview. Ann N'Y
Acad Sci. 2001;945:1-7.

Chim SS, Shing TK, Hung EC, et al. Detection and characterization of placental
microRNAs in maternal plasma. Clin Chem. 2008;54(3):482-90.

Xie F, Zhou X, Fang M, et al. Extracellular vesicles in Cancer Immune Microen-
vironment and Cancer Immunotherapy. Adv Sci (Weinh). 2019;6(24):1901779.
Vo IN, Cieslik M, Zhang Y, et al. The Landscape of circular RNA in Cancer. Cell.
2019;176(4):869-e881813.

Wang Y, Liu J, Ma J, et al. Exosomal circRNAs: biogenesis, effect and applica-
tion in human diseases. Mol Cancer. 2019;18(1):116.

Bautista-Sanchez D, Arriaga-Canon C, Pedroza-Torres A, et al. The promis-

ing role of miR-21 as a Cancer Biomarker and its importance in RNA-Based
therapeutics. Mol Ther Nucleic Acids. 2020;20:409-20.

DaiJ, SuY, Zhong S, et al. Exosomes: key players in cancer and potential
therapeutic strategy. Signal Transduct Target Ther. 2020;5(1):145.

Taylor DD, Gercel-Taylor C. MicroRNA signatures of tumor-derived

exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol.
2008;110(1):13-21.

Melo SA, Luecke LB, Kahlert C, et al. Glypican-1 identifies cancer exosomes
and detects early pancreatic cancer. Nature. 2015;523(7559):177-82.
Gardiner C, Di Vizio D, Sahoo S, et al. Techniques used for the isolation and
characterization of extracellular vesicles: results of a worldwide survey. J
Extracell Vesicles. 2016;5:32945.

van der Meijden PEJ, Heemskerk JWM. Platelet biology and functions: new
concepts and clinical perspectives. Nat Reviews Cardiol. 2019;16(3):166-79.
Zhang X, Takeuchi T, Takeda A, Mochizuki H, Nagai Y. Comparison of serum
and plasma as a source of blood extracellular vesicles: increased levels

of platelet-derived particles in serum extracellular vesicle fractions alter
content profiles from plasma extracellular vesicle fractions. PLoS ONE.
2022;17(6):20270634.

Palviainen M, Saraswat M, Varga Z, et al. Extracellular vesicles from human
plasma and serum are carriers of extravesicular cargo-implications for bio-
marker discovery. PLoS ONE. 2020;15(8):20236439.

Mitchell AJ, Gray WD, Hayek SS, et al. Platelets confound the measurement of
extracellular miRNA in archived plasma. Sci Rep. 2016;6:32651.

Jayachandran M, Miller VM, Heit JA, Owen WG. Methodology for isolation,
identification and characterization of microvesicles in peripheral blood. J
Immunol Methods. 2012;375(1-2):207-14.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Page 14 of 14

Karimi N, Dalirfardouei R, Dias T, Lotvall J, Lasser C. Tetraspanins distinguish
separate extracellular vesicle subpopulations in human serum and plasma -
contributions of platelet extracellular vesicles in plasma samples. J Extracell
Vesicles. 2022;11(5):212213.

Raposo G, Stoorvogel W. Extracellular vesicles: exosomes, microvesicles, and
friends. J Cell Biol. 2013;200(4):373-83.

Xie H, Ma H, Zhou D. Plasma HULC as a promising novel biomarker for the
detection of hepatocellular carcinoma. Biomed Res Int. 2013;2013:136106.
Livshits MA, Khomyakova E, Evtushenko EG, et al. Corrigendum: isolation of
exosomes by differential centrifugation: theoretical analysis of a commonly
used protocol. Sci Rep. 2016;,6:21447.

Cvjetkovic A, Lotvall J, Lasser C. The influence of rotor type and centrifugation
time on the yield and purity of extracellular vesicles. J Extracell Vesicles 2014,
3.

Yang XX, Sun C, Wang L, Guo XL. New insight into isolation, identifica-

tion techniques and medical applications of exosomes. J Control Release.
2019;308:119-29.

Boing AN, van der Pol E, Grootemaat AE et al. Single-step isolation of extracel-
lular vesicles by size-exclusion chromatography. J Extracell Vesicles 2014, 3.
Vogel R, Coumans FA, Maltesen RG, et al. A standardized method to deter-
mine the concentration of extracellular vesicles using tunable resistive pulse
sensing. J Extracell Vesicles. 2016;5:31242.

Taylor DD, Shah S. Methods of isolating extracellular vesicles impact down-
stream analyses of their cargoes. Methods. 2015,87:3-10.

Liangsupree T, Multia E, Riekkola ML. Modern isolation and separation tech-
niques for extracellular vesicles. J Chromatogr A. 2021;1636:461773.
Batrakova EV, Kim MS. Using exosomes, naturally-equipped nanocarriers, for
drug delivery. J Control Release. 2015;219:396-405.

Royo F, Thery C, Falcon-Perez JM, Nieuwland R, Witwer KW. Methods for sepa-
ration and characterization of Extracellular vesicles: results of a Worldwide
Survey performed by the ISEV Rigor and Standardization Subcommittee.
Cells 2020, 9(9).

Li P, Kaslan M, Lee SH, Yao J, Gao Z. Progress in Exosome isolation techniques.
Theranostics. 2017;7(3):789-804.

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



	﻿Extracellular vesicle biomarkers in circulation for colorectal cancer detection: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Selection of studies
	﻿Data abstraction and assessment of methodological study
	﻿Statistical analysis

	﻿Results
	﻿Results of the search
	﻿Studies characteristics
	﻿Methodological quality of included studies
	﻿Diagnostic efficiency
	﻿Results of meta-analysis
	﻿Regulation direction of EV RNAs

	﻿Discussion
	﻿Conclusion
	﻿References


