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ABSTRACT

Carcinoembryonicantigen (CEA)s the most significant plasmabiomarker in colorectal cancer(CRC)which is
mainly usedto diagnoseand monitor the recurrenceof CRCHowever,due to the low sensitivity of CEA|t is
more recommendedfor postoperative surveillancerather than early diagnosis.It is necessaryto find efficient
biomarkers for CRC.In this study, the expressionof plasma non-coding RNAswas confirmed in three
independent cohorts with total 1201 participants. First, 12 non-coding RNAswere screenedfrom 9 plasme
samplesby usingmicroarray. The expressionof selectednon-codingRNAswas further validated by multiphase
detection and risk score analysis. We found that miR-20b-5p, miR-329-3p, MiR-374b5p, MiR-503-5p,
XLOC_00112and ENSG00000243766vizere significantly elevatedin CR(plasma,and the AUCin training and
validation set was 0.996 and 0.954, respectively. Moreover, miR-20b-5p, miR-329-3p and miR-503-5p were
found elevated in plasmafrom larger tumors (5 cm as the cutoff) in CRCpatients, and the merged AUCin
training and validation set was 0.896 and 0.881. In conclusion,a panel of 6 non-coding RNAsshowed their
important clinical value for the early diagnosisof CRCAmong, miR-20b-5p, miR-329-3p and miR-503-5p might
be the potential markersfor evaluatinglargertumor sizeof CRC.

INTRODUCTION of CRC patients. However, previous studies have
investigated that the sensitivity of CEA was about 40%

Colorectal cancer (CRC), one of the most common in clinical CRC diagnosifdi 11]. It is urgent to find an

malignant tumors of the digestive tract, is characterized effective tool with high sensitivity and specificity for

by high incidence, high mortality, and poor prognosis. early diagnosis of patients with CRC, which can

The incidence and mortality of CRC ranks third and  improve the prognosis of CRC.

second in cancer, respectivégly, 2]. Despite advances

in neoadjuvant therapy, radical surgery, postoperative The long norcoding RNAs (IncRNAs) and microRNAs

chemoradiotherapy, and immunotherapy, the-figar have been extensively investigated mafteey were
survival rate of patients with CRC remains disappointed linked to initiation and progression of tumor [15].
due to inefficient early diagnosis cudistant metastasis Numerous studies have indicated that there are
[318]. CEA is the most significant plasma biomarker  remarkable differences in the expression profiles of
that is used to diagnose and monitor tleeurrence IncRNAs and microRNAs between the CRC tissues and
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normal tissues [1i619]. Further studie presented that
there were lots of stable secondary structure of
INcRNAs and microRNAs in body fluids, which
established a theoretical foundation for uncovering their
diagnostic and prognostic function of plasma INcCRNAs
and microRNAs in CRC [2®2]. Receh studies
reported that the expression of various -goding
RNAs as diagnostic biomarkers in the plasma of CRC
patients, colorectal adenoma (CRA) patients and
healthy people, such as SNHG11, r3R1l, miR320d,
mMiR-1290, miR5323p, miR331, miR195, miR17,
mMiR-142-3p, MmiR-15b, miR532, and miR652[23i 25].
Nevertheless, these studies were commonly restricted
by one or more factors: limited number of INncRNAs or
microRNAs screened, failure to distinguish CRC from
CRA, without combination INncRNAs and microRN,
and/or lack of independent large sample validation.

In this study, we aimed to investigate the circulating
IncRNAs and microRNAs as biomarkers of CRC. The
plasma expression profiles of IncRNAs and microRNAs
were characterized by using IncRNAs and wiRIKAs
microarray in CRC patients compare with healthy
control and CRA, gRIPCR was used to validate the
differential expression of INcCRNAs and microRNAs
with an independent cohort of 1201 participants (597
CRCv 585 HC, 597 CRG& 19 CRA). Further analysis
was conducted to confirm a panel of plasma IncRNAs,
microRNAs and their combination as an efficient and
stable biomarker for the diagnosis of CRC.

RESULTS

High throughput microarray detection of plasma
IncRNAs and microRNAs

In total, 597 patients diageed with CRC, 585 paired
healthy controls, and 19 patients diagnosed with CRA
were enrolled. All participants in this study was age and
gender matched. For the CRC patients, the subgroup
was divided according to the Differentiation grade,
tumor size (with5cm as cutoff), with or without
metastasis, and tumor TNM staging. The detailed
clinical information was presented in Table 1.

First, plasma RNA was extracted from CRC group,
CRA group and Control group. Samples were applied to
the miRNA and IncRNA micragaay. Each group we
enrolled three samples. Hierarchical clustering analysis
and volcano plot distribution were used to sort the
aberrantly expressed miRNAs/IncRNAs in different
groups. As presented in Figure 1A ahH, different
expression level of miRNA&nd IncRNA in each group
were obtained. Then further screening was performed as
follows: a, P value <0.05; b, CT value <35; c, detection
rate >75%. Total of 79 mMIRNA transcripts were

specifically increased in CRA group comparing with
NC group, 105 miRNAs ere collected in CRC group
by comparing with CRA group. In order to screen the
biomarker for predicating, the Venny analysis was
applied and finally yielded 6 miRNAs candidates as
listed in Figure 1C andE. For IncRNA, total of 185
IncRNA transcripts werspecifically increased in CRA
group comparing with NC group, 274 IncRNAs were
collected in CRC group by comparing with CRA group.
The Venny analysis finally vyielded 6 IncCRNAs
candidates as listed in Figure 1D did

Next, a larger sample scale was emptb for further
validation the 12 candidates. As presented in Figure 2,
among the 12 miRNA/INcRNA, one of which entitled
with  ENST00000457302.2 presented no amplification
with the RFPCR assay. Two miRNAs including miR-

5p and miR24-2-5p, three IncRNA ricluding
ENSG00000248932.1, ENST00000440688.1 and
TCONS_0000366presented no difference. Therefore, a
panel of 6 norcoding RNAs includingniR-20b-5p, miR
3293p, miR374b5p, MiR5035p, XLOC_ 001120 and
ENSG00000243766.2 were selected the furadation
analysis.

Training set and validation set for selecting the
biomarker for CRC diagnosis

The panel of 6 noooding RNAswas found to be
effective markers for the diagnosis of CRC through the
abovementioned experimental design by using
multiphage detection and analysis. The expression of
mMiR-20b-5p, MiR329-3p, MiR374b5p, MiIR5035p
(Figure 3A 3D, Supplementary Tables 1 and and
INcRNA including XLOC_001120 and
ENSG00000243766.2 were significantly increased in
the CRC plasma samples compameidh CRA and
healthy control plasma samples (Figure 4A &R
SupplementaryTables 1 and 2)In addition, we also
detected relative expression of ni2Rb-5p, miR329

3p, mMiR374b5p, mMiR5035p, XLOC 001120 and
ENSG00000243766.2 through gfPCR in 60 pas
CRC tissues and matched adjacent tissues. All & non
coding RNAs were increased in the CRC tissues
(Supplementaryigure 1A 1F).

Risk score analysis (RSA) was used to evaluate the
predicting ability of the panel of 6 naroding RNAs as

CRC diagnostic markers. First, the risk score of each
plasma sample were calculated and taken as a parameter
for further logistic regression model. The calculated
cutoff of risk score was used to divide the plasma
sample into the high score groupgresenting predicted
CRC) and the low score group (representing possible
canceffree group). Combined sensitivity and specificity
were maximized at a cudff score of 9.825, and the
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Table 1. Clinicopathological features of surgical colorectal cancer@R{Ccancefree control samples.

CRC CRA Control P valve

N 597 19 585

Age Mean (SE) year 62.89(0.02) 57.32(0.63) 57.17(0.02) 0.32
Sex (male/female) 376/221 10/9 357/228 0.58
Differentiation grade

Well 0

Moderate 373

Poorly 224

Tumor Size(cm)

O5 c¢cm 427

>5cm 170

Metastasis

Yes 288

No 309

Tumor stage

Stage |, Il 309

Stage I, IV 288

TNM staging system

T1+T2 156

T3+T4 441
aStudent ttest.

bChisquare test.
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Figure 1. Circulating nenoding RNA expression landscape of in HC, CRA and CRC pateBf<luster analysis for the miRNA
and IncRNA expression in HC, CRA and CRC groups. Each group including threeGdhlbs. {catter distribution of aberraeixpressed
miRNA/INCRNA in different groupg, F) The candidate miRNA/INcRNA was screened through Venny analysis.
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prediction accuracy of CRC and prediction value of
cancerfree control was 0.97 and 0.97 in the training
set, respetively. Then, verification of the
effectiveness under the cutoff value in the larger
validation samples showed the positive predictive
value and negative predictive value was 0.96 and
0.77, respectively (Table 2).

The ROC analysis was used to evaluaie diagnostic
performance of the chose nroading RNAs panel by
using risk score analysis. As shown in Fig8E, 4C and

5A, the area under the curve (AUC) of riiBb-5p, miR
3293p, miR374b5p, mMiR5035p, XLOC_ 001120,
ENSG00000243766.2 and their condtion was 0.800,
0.908, 0.950, 0.867, 0.925, 0.650 and 0.996 in training set.
When the sample size expanded to 597 @RB385 HC,

the AUC for the nortoding RNAs and their combination
was 0.682, 0.852, 0.914, 0.734, 0.676, 0.684 and 0.954
respectively (Figres 3F, 4D and 5B).
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The panel of miROb5p, MiR329-3p, MiR374b5p,
miR-5035p, XLOC_001120 and ENSG00000243766.2
was used to differentiate the CRC and CRA by using
similar risk score analysis and ROC analysis. The
expression of these 6 nanding RNAs was significantly
increased in CRC plasma samples compared with the
CRA plasma sampleS(ppementary Table 2 The AUC

of miR-20b-5p, MiR329-3p, MiR374b5p, MiIR5035p

and their combination was 0.874, 0.924, 0.86199 and
0.939 in training set, and was 0.645, 0.838, 0.713, 0.715
and 0.850 in the 597 CRC samplesl9 CRA samples,
respectively $upplementarfFigure 2C, 2D). As shown in
Supplementary Figure 2A, 2B, The AUC of
XLOC_001120, ENSG00000243766.2 and their
combination was 0.749, 0.736 and 0.818 in the 40 CRC
samplesvs 19 CRA samples, and was 0.827, 0.614 and
0.869 in the validation set, respectivel. repeated
validation test in the independent datasets indicated that
the expression of IncRNAs and microRSl only
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Figure 2. Relative expression of candidate rooding RNA through firsphage validation.gRFPCR analysis was used to detect

the expression of 6 miRA&hd 6 INncRNA in 40 paired plasma samples from healthy controls, 19 samples of CRA patients and 40 plasma

samples from CRC patients. Data wasttagsformed and was presented as mearSD. Data was analyzed with student t tg8t* 0

indicatedp < 0.001.
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Figure 3. Relative expression of 4 microRNAs in HC, CRA and CRC, and ROC curve analysis for predicting the 4 microRNAs &
CRC diagnosis biomarkergi D) gRTPCR analysis was used to detect the expression o2618p, miR329-3p, miR374b5p and miR

503-5p in 585 plasma samples from healthy controls, 19 samples of CRA patients and 597 plasma samples from CRC patientsgData was
transformed and was presented as mearsD. Data was analyzed with student t té#t* ¢ indicatedp < 0.001. ) ROC cuerfor the 4

microRNA signature to separate 60 CRC cases from 60 controls in the training set with the AUC presented in lp&@@ghcrve analysis

was used for the 4nicroRNA signature to differentiate 597 CRC cases from 585 controls in the valgkitiwith the AUC presented in the

right. Factorl, 2, 3, 4 and merged represented the -20B5p, miR329-3p, miR374b-5p, MiR503-5p and the combination of the 4
microRNAs.
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elevated in the plasma of CRC patients not in the CRA classified basing on aitysis of the expression of 6

paients and healthy peoplé&ypplementaryigure 5, noncoding RNAs in the samples by using the
Supplementaryable3). abovementioned diagnosis model (risk score
analysis), to verify the precision of 6 nanding
Double-blind test for validating the diagnostic RNAs as biomarkers in the diagnosis of CRC. The
capability results showed that CRC samples werei§icantly

separated from the control group, and the accuracy of
80 randomly selected plasma samples (40 CRC and 40 6 noncoding RNAs as CRC diagnostic markers was
controls) were tested in doubldind way, and 90.0%.

Figure 4. Relative expression of 2 IncRNAs in HC, CRA and CRC, and ROC curve analysis for prediticigNies 2s CRC
diagnosis biomarkers(AcB) gqRTPCR analysis was used to detect the expression of XLOC_001120 and ENSG00000243766.2 in 585 plasma
samples from healthy controls, 19 samples of CRA patients and 597 plasma samples from CRC patients. Ddtansésiogd and was

presented as mean = SB.L G gl a Fyltel SR ¢AlK RUUOEMSE ROCurvé BetiedAcRNA signaturetoy RA O
separate 60 CRC cases from 60 controls in the training set with the AUC presented in thB)rigliC(curve analysis was used for the 2

IncRNA iginature to differentiate 597 CRC cases from 585 controls in the validation set with the AUC presented in the right.2Fantbrl,

merged represented the XLOC_001120, ENSG00000243766.2 and the combination of the 2 IncRNAs.
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