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[Abstract] Objective: To establish a model for predicting the prognosis in patients with colorectal cancer (CRC) using single cell RNA sequencing
(scRNA-seq). Methods-scRNA-seq data of patients with CRC from Gene Expression Omnibus (GEO) database was used to filter out candidate genes,
which were related to metastatic CRC. The least absolute shrinkage and selection operator (LASSO) regression, Logistic regression and Kaplan-Meier
analysis were used to select and evaluate the significance of the hub gene filtered out in The Cancer Genome Atlas (TCGA) database, and to develop the
prognostic prediction model of CRC. Decision curve analysis and receiver operating characteristic (ROC) curve were used to assess the clinical use of the
prediction model. Results- Thirty candidate genes were filtered out from the scRNA-seq data which was downloaded in GEO database, and then 9 hub
genes were selected by LASSO regression in the TCGA database. The hub-gene expression was scored for each patient. The scores had significant
difference between the groups with and without recurrence both in the training set and the validation set (P<0.05). In addition, Logistic regression analysis
was carried out to incorporate the two independent clinical variables of primary tumor grade (T stage) and metastasis status (M stage) into the score-
clinical variable integration model. Area under curve of the ROC curve in the training set and validation set were 0.775 and 0.705, respectively.
Conclusion - A relatively stable model for predicting prognosis in CRC was constructed based on the results of sScRNA-seq, which has certain guiding
significance for treatment decision and prognostic prediction.

[Key words] single cell RNA sequencing (scRNA-seq); colorectal cancer; prognosis; bioinformatics

HAr, 45 A (colorectal cancer, CRC) 1A | FF b 2 57 A Fh LAY Sk 58 38 CRC Byl R 70 % N T3 A1
O =R WL B RAE g SRR AR OCTE I A A L Wr, RimRISRE IS BT
25% 1Y CRC B EAEEREAL , M2 20% 1) 28 38 A 2B 1 ) RNA | /¥ (RNA sequence, RNA-seq) % ARC ) 1=
B P EE R P B R ME CRCINAYF XTI AR UEE  NH TR0, FHRARFSE e sk g by . By kmiat | 5
— AR, TEPRIAAURAR Y B, BORERZ B KRiA 22 545 ™00, SRIM, 38 RNA-seq /A ZM T HE

[BEWE] RilEiiEE 20 S mig s R RO (20161309) 5 A7 PR 27 Bt 2 /K P Hu )y S AL QBT AT L (SSMU-ZLCX20180200)

HEE®N] DA (1995—), Z, it/ HFEH: mayanru0213@163.com.

[BfE1EAE] PR5EHE, WF{5Hi: haoyanchen@shsmu.edu.cn.

[Funding Information] Shanghai Municipal Education Commission—Gaofeng Clinical Medicine Grant Support (20161309); Innovative Research Team of High-Level Local
Universities in Shanghai (SSMU-ZLCX20180200).

[Corresponding Author] CHEN Hao-yan, E-mail: haoyanchen@shsmu.edu.cn.

http://xuebao.shsmu.edu.cn AR R (B 2E ) L 2021, 41(2) @‘\}



160 | tissmExssm ()

PIFEAEIY S M, JCVR RS [ 200 R £ PN B AR AE . 3
AE K, FLUZH L RNA P (single cell RNA sequence,
scRNA-seq) $ AR 11 % J1& Ay AR i T P 35k PR 288 3 38 P 43
20 2 R FILIR A SR A TR K Do, A BT R A0 A Y
HE—2 a2, I EAR B SR R TR S . FL
J I R 45 D230 A, scRNA-seq 7EMETA e o F
FE B — & BN R, 7E MG 0E P 4 S A
J6 P S5 b R ) PR E S e A A2 v g 190 s 45
HA—E R 1, Zhang 55 1S F1| ] scRNA-seq X} £ %
KU CRCHEAR AT T 4087, KIK Ak LA 57
{1 e e 2L S AE R SR B O (55 46 5 L AR ey
FEA IR RS FAAEES

AHIEFE ) F GEO %4 J7E 19 CRC #8# scRNA-seq £ 4
i ARG o LN AU 25 SRR IR L DY, O X ad L 1A
HEATRAEA M7, LA UE A U CRC B i 3 X
it — R TR S

1 BHE5ERE

L1 B

M3 [ KA W B R A5 B v 0 1Y Gene Expression
Omnnibus (GEO) %472 (https://www.ncbi.nlm.nih. gov/
geo/) F#k CRC scRNA-seq £{#li 4 GSE97693 . [ 454l £ X}
12 51 CRC F& 55 Wb I e kb o bk L 45 56 B8 Lk A b e 7%
KEREAEAT T BAAHMIIN Y, 3k 190 4~ B A0 B Al E o T
PR AT T gk S5 R R A R N 4 e 5
RIS AL IR B2 3 8 o NIERAE & K 2H 18133 (The Cancer
Genome Atlas, TCGA) ¥/ T 2 588 4] CRC FEA % 54
FEARTG LA B R (I RAR S, AAEAEES . PR iR sk
IEorg (T stage) . EEAMELEEF (N stage) . 2B A
AL RS (M stage) . JCHEJE A7) (progression free
survival, PFS) FITJCiFJRAEARIRASIL 7845

1.2 Bt

FEIUT 3811 scRNA-seq 244 , i 1d Scanpy {0 #4745k
Popr o, SH AL GRCh38, I 4t — i E & ik
5# 5% (uniform manifold approximation and projection,
UMAP) 5 X} scRNA-seq % 4 i 17 B 4 73 1, R ]
Louvain 535 #EAT R I3 Hr . AFR HEAL P=0.05 D 1k b
e, R A DR 3R GA L RN BE 48 X (B (Jlog fold
change|, |log FC|) & ZIMIRHEIT , 4350 0 1 11 5% 7% 20 Al
REGRET 15D 22 50 RB R N, dHlife e L 4, 4521
DL IR A R 2

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2021,41(2)

1.3 CRC (B IV G KL PR ) 073 3 i e o

¥k 1 TCGA HUHiE P 1 588 1] CRC fB % #3515 BEHL
Oy RN R SE R (49.8% : 50.2%) o $REUIIZR4E
293 Bl R AE R IC SR 1 S AL RT3 . 7E scRNA-seq 3R 1511
ik SR, i glmnet B 94 5 195 AH G Y
KHEEER, DR SE & AN AR G, @4 Logistic [H 53 H7
B vk d ST =R B3 B 7% (the least absolute shrinkage
and selection operator, LASSO) [\ IS4 AR g & 57 1)
[ 1 A5 T8 5% g 451 S5 5 T O B R DR SRk AT A, A=
—logl0 [—= (BxExp,) 1; Hp hF&ERE, CRKTM
B SCHEEL N R IE R INAL . B, 43 e I 2R 5 AR I
AR rpot 52 R R B2 18 8 1Y O B BE DR VR 43 1) T Wilcoxon
Ko i ¥EAT HL#¢; JF 38 i Kaplan-Meier 73 81 3 Al )1l 21 4E |
B EE RN TCGA SE TG 45 R £ 5 o

1.4 f e PR i 4t N R AN

G JF B TCGA 4 (1 PF 43 A At i R 42 5 . R H
Logistic [a1 )5 53 B % 5122 9 I R AZ 52 047 E AL . HEBR JCSE
BRI, AT LR (generalized
linear model, GLM) #7588 RiA, SRHHA I T
ifi 1 (area under curve, AUC) M) % ik & T 1E ¢ 1
(receiver operating characteristic, ROC) ik 1A 31 2k &
(S BRBUIN 8 . A T PPARASE AL I DR A AN (L, i
XFE TCGA £ AN [A] B (E A 2R T J8 3 (1 e 4 A T 1 AL
K YL A £ 43 B (decision curve analysis, DCA) i E
G i PRAT R

1.5 s B e mag k2 o by

¥ ] glmnet 1 survival £ #47 LASSO [9] 5 | Logistic
[u] 9 1 Kaplan-Meier 738 . GLM F151 £k € ] rms £ 5 37
fdi FH Wilcoxon Bk FUkS: 56 11 Wi 373 76 52 & TR B2 % R 35
125 e m B A g EE o rA S i 7E R studio
(3.6.110) #Frhififr, P<0.05FmERAFEIE L.

2 &R

2.1 FESENNLK F-J5 & CRC fil i MG IE P

Sk DAERL AR AP 6 CRC 15 A OGIE R, A GEO 4K
i )5 3B CRC FEAR scRNA-seq $dli4E , il i UMAP ik,
XF scRNA-seq B4l HEAT R 4E 3BT, 45 5% R ik EL 2556 7%
b 55 e ik K ke R Y A IR A A B K 25 R (]
1A) . #—2 R Louvain Bk TR A0 HT, F scRNA-
seq B3R 2R, HE b R e B RH G R R B R A 1 1

Vol.41 No.2 Feb. 2021



e
(cadherin 1, CDHI) WZRIRTEANNEHE O F4H M Re 1 v A

BEZS (KB, ), Wy " £W, CDHIRZES4N

ST 40 RNA TP (0245 1 LS AR o g il | 161

I3HT CRCER AL (P 1D) o J3 i) 7 e 7% 2H R B
BA PR G L (P<0.05) BRI 1S 25Kk

FHBH D MG 5 . (228 BRI IA G itk AWER BEPERNESPITE RN (K1E).,
HE A ERE 0 F 1 435158 SO AR RS L AELRL 20, LAt — 2
. A B
Region
® Lymph node 6
© Primary tumor @
5 5
= = 4
=] { =]
o pe® !. °
¥ F 2
UMAPI ¢
Louvain C D
e 0 ©® Metastasis
- ol - @ Non-metastasis
= z
= =
=} =}

UMAPI

Metastasis

HI94

|‘\| u |;un I

LCNIS5 1
CYP2W1 1
PP7080
ANXA13
WDR62
PFDNG

[ IFI i

(1) ‘ IUH\ IIIHI
H‘

I HI\H I'uw Il

CESI 7 II‘IM\\HI\WHIW'I l
CBLN4

MIRI266 FH I
PSD
OR7C2 ‘ |
HULC
OR7D2
CTSG
CST7

SNORA70G
STAU2
CASPI

MIR376C
CPVL

MIR1247
HLA-DQAI

HMGN5 ]
SSR3 T
DNAJCI27

PLA2G12B

AL LN 0 IHI

JI\ | ‘J' [ i

| J
r

Non-metastasis

;

T

i
it

100

L i

Il H\IH\ H l \|
| \H‘ \ lII [l

L

‘ TR

3

il

2

o I

T [| ‘\
MHIIH WI‘I

-

il I
A il
H‘I‘I” 1\ [
L

Note: A. The distribution of cell population in primary tumor and lymph node metastasis of CRC patients was analyzed by the UMAP algorithm. B/C. The distribution of

CDH1 in the cell population (B), and based on this, the cells were divided in to 0 and 1 groups (C). D. Based on the function of CDH], the cells were divided into metastatic

and non-metastatic groups. E. The heat map shows significant differences between the metastasis group and the non-metastasis group (P<0.05), and the darker the color is, the

greater the difference is.
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Fig1 Screening genes associated with prognosis of CRC from single-cell level
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like, CPVL). WEHIZ 7 (cystatin-7, CST7). KEEAE4iHD Female 133 (45.39) 150 (50.80)
RNA HI19. W36 W55 7 5 % C iU 2 (olfactory Age/year 66.86+12.77 65.43+12.96 0.178
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receptor family 7 subfamily C member 2, OR7C2). {55+ - O (@D B ()
%12z 4& 3 (signal sequence receptor subunit 3, SSR3). WD T2 56 (19.11) 45 (15.25)
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s 3 23 BRI B
g I P4V 5 5 I R AR BE AR SE G, b 50 Y T
& 120f ]| 4 CRC H3 TUR (IR . HEBR 264 % Logistic #4307 1 6

115} !l } w !
LIO} | J it

-8 -7 -6 -5 -4 -3
log (4)

Note: The adjustment parameter selection in the LASSO model passes the

minimum standard using 5-fold cross validation. The solid gray line represents the
local likelihood. A dashed vertical line is drawn with the best value by using the
minimum criteria and the 1 standard error of the minimum criteria (the 1-SE
criteria). The optimal 2 value of 0.029 06 with log (1)=-3.538 4 was selected.
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Fig 2 Texture feature selection using LASSO binary Logistic regression model
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Tab 2  Univariate Logistic regression analysis of scores and clinical

candidate predictors in training set

Variable OR(95%CI) P value
Age 1.01 (0.99-1.03) 0.406
Gender 0.93 (0.54-1.57) 0.779
T stage 2.82 (1.73-4.82) 0.000
N stage 2.15 (1.55-3.00) 0.000
M stage 6.47 (3.09-13.95) 0.000
Score 35.35 (6.27-241.99) 0.000
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Note: A/B. Violin plot of the score for prognosis in the training (A) and validation (B) set, respectively. C—E. Kaplan-Meier analysis shows that patients with high score have
significantly poorer prognosis in the training set (C, P=0.002), validation set (D, P=0.017) and total TCGA set (E, P=0.000), respectively.
3 REERITHSWIE

Fig3 Hub gene score validation
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Note: A.Nomogram for predicting prognosis. B/C. The ROC curves of the training set (B) and the validation set (C) are shown respectively.
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Fig 4 Nomogram for predicting prognosis based on the score and some clinical variables

1.0
— Score

08} — Nomogram
o All
5 — None
2
g 0.6
=
=3
i)
N
Z 04}
=}
5
w1

02+t

0F
0 0.2 0.4 0.6 0.8 1.0
High risk thresold
1:100 14 23 32 3T T100:1

Cost:benefit ratio
Note: The Y-axis is the standardized net benefit, and the X-axis is the ratio of high-
risk threshold probability and risk benefit. The net benefit is the proportion of
patients who were true positive minus the proportion of patients who were false
positive and then weighted according to the relative harm of continuing treatment
versus the adverse consequences of unnecessary treatment. The figure shows a
prognostic model of hub gene scores with (blue line) and without (red line) clinical
variables, the solid gray line represents progression in all patients and the solid
black line represents progression in none.
El5 FILEMXREERTSHDCA
Fig 5 DCA of the nomogram and the hub gene scores

3 idie

A 5% 38 127 GEO 48 J72 3% U CRC 119 scRNA-seq %X
P, DB K F-HR 5E CRC TR AH G B 5 PR AR AE . B
I3, CDHI EH s &8 1 (E-cadherin)
R R ) 4 ) 2R B R R A, A i
() 66 BAE 52 5 A L R AR T R 43 Ak RS SC B T 1718
CDHI W) 278 S iR i FEE RS RE A OG, B &4
V) BB T {687 240 6 ) 85 R 2 20, AR M O ST,

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

AW FE AR Y5 CDHI B 3R 35 4 4 B BF 5 8 % 3% Fok 5%
B2 MHE . e R AR R A B A Gt F L
(P<0.05) AR 154> 22 5235 5k AT Ry S Sk o 14 i 6 Jik
K, FIH LASSO [ AT/ e, BN 1 9SG
B, o B R v i i g R PR AR, 5
KBRS CRC B ML, SSR3TE K LM CRC
Hh TR, RS CRC BBt AR SE 1),
FE 2 PRk EL AR (LR, CASPI Y 36 1k 3 BORE R
WRZRITZL, B R R A T 5 S I N 0s S, R
FRI%E 2y PEsem 2, HI19 R — KBS RNA, H:
AT LA o H19/S- i v 2 e 2 R K fff i/ DN A F RS 56 % il
3B (H19/SAHH/DNMT3B) fli' 24 [ wediid . A
5 LM AR A X 5 SRRy T AR 2 Y. CST7 WIHE
i e R SO RN A7 | IR R DI A2 L PO 2 R R 2 I R
Wrp w2 R RS IR T — A,

R A5 T 198 ] U A TR %o ) A ) S e R R 3R 3 g
TTVE5rJe AR B AL A3 B A4 56 G0 4 A6 55 3T 43 75 I IR 1) i
M, KMERHAWHBESTRERM, X54HF
SIFTEE AR B . BT HOR A A AR E T A
EHM AR, RS — 2 S5 . RS SR
FH Logistic 1A 5387, HEBRTCGE T2 SCAAES . 251 An
WELEE RS R i, R BRR A R ARG RS | bR e R AL
O3 SRS PRI PE 43 3 Nk 7 1 AR A R e 2 Y L A AR
A, ROC 4 s B A AR CRC B I TS A K
o A TR, LI ARt mT DAl e ) R B S Rk iR T
7 ZEAT B RN 5 3

ARG K GEO B4l 4R 15 1 scRNA-seq B4l 431 5
TCGA $ 4 2 v 1) RFEA AU S IEAH 25 5 . 5 CRC
1 G2 2 SELLN P A3 BT AT G 7224 5 58 RNA-seq 7T BE 2 7
TR ARG I N, 1T sScCRNA-seq 783X J7 i LA —

Vol.41 No.2 Feb. 2021



TR . AR T RRME: H55%, FTEn
TCGA $ii R 2ok FI 56 FE s B AR, T2 73 T
MAF i ATEE, NI, IZAT TS5 18 T 7 B R ik
—B Rk HR, BRI G HRATE K CRC AR P
B TARGFHORAE , EATY R D T L Al 52 56 A 463 75 LA ki

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020[J]. CA Cancer J
Clin, 2020, 70(1): 7-30.

[2] Hackl C, Neumann P, Gerken M, et al. Treatment of colorectal liver
metastases in Germany: a ten-year population-based analysis of 5 772 cases
of primary colorectal adenocarcinoma[J]. BMC Cancer, 2014, 14: 810.

[3] Elferink MAG, Jong KP, Klaase JM, et al. Metachronous metastases from
colorectal cancer: a population-based study in North-East Netherlands[J].
Int J Color Dis, 2015, 30(2): 205-212.

[4] Brenner H, Kloor M, Pox CP. Colorectal cancer[J]. Lancet, 2014, 383
(9927): 1490-1502.

[5] Guan X, Ma CX, Quan JC, et al. A clinical model to predict the risk of
synchronous bone metastasis in newly diagnosed colorectal cancer: a
population-based study[J]. BMC Cancer, 2019, 19(1): 704.

[6] Liu JN, Li CY, Xu J, et al. A patient-oriented clinical decision support
system for CRC risk assessment and preventative care[J]. BMC Med Inform
Decis Mak, 2018, 18(Suppl 5): 118.

[7]1 Boursi B, Mamtani R, Hwang WT, et al. A risk prediction model for
sporadic CRC based on routine lab results[J]. Dig Dis Sci, 2016, 61(7):
2076-2086.

[8] Gao MM, Zhong A, Patel N, et al. High throughput RNA sequencing utility
for diagnosis and prognosis in colon diseases[J]. World J Gastroenterol,
2017, 23(16): 2819-2825.

[9] Han YX, Gao SG, Muegge K, et al. Advanced applications of RNA
sequencing and challenges[J]. Bioinform Biol Insights, 2015, 9(Suppl 1):
29-46.

[10] Xie T, Wang YZ, Deng N, et al. Single-cell deconvolution of fibroblast
heterogeneity in mouse pulmonary fibrosis[J]. Cell Rep, 2018, 22(13): 3625-
3640.

[11] Olsen TK, Baryawno N. Introduction to single-cell RNA sequencing[J].
Curr Protoc Mol Biol, 2018, 122(1): e57.

[12] Peng JY, Sun BF, Chen CY, et al. Single-cell RNA-seq highlights intra-
tumoral heterogeneity and malignant progression in pancreatic ductal
adenocarcinoma[J]. Cell Res, 2019, 29(9): 725-738.

http://xuebao.shsmu.edu.cn

S LN RNA U 1925 FL s s BB e fueil. | 165

Jed R TR HARBIL I

25 F R, ARBFFTHEET scRNA-seq £ A G e i J
KL, XS FRic B PR #EAT RAEA 347, % B il R CRC &
HHUG . AR R B A —E IR R E .

[13] Chung W, Eum HH, Lee HO, et al. Single-cell RNA-seq enables comprehensive
tumour and immune cell profiling in primary breast cancer[J]. Nat Commun,
2017, 8: 15081.

[14] Navin NE. The first five years of single-cell cancer genomics and beyond[J].
Genome Res, 2015, 25(10): 1499-1507.

[15] Zhang YB, Song JJ, Zhao ZW, et al. Single-cell transcriptome analysis
reveals tumor immune microenvironment heterogenicity and granulocytes
enrichment in colorectal cancer liver metastases[J]. Cancer Lett, 2020, 470:
84-94.

[16] Wolf FA, Angerer P, Theis FJ. SCANPY: large-scale single-cell gene
expression data analysis[J]. Genome Biol, 2018, 19(1): 15.

[17] Takeichi M. Cadherins in cancer: implications for invasion and metastasis[J].
Curr Opin Cell Biol, 1993, 5(5): 806-811.

[18] Christofori G, Semb H. The role of the cell-adhesion molecule E-cadherin
as a tumour-suppressor gene[J]. Trends Biochem Sci, 1999, 24(2): 73-76.

[19] Zhi JJ, Sun JW, Wang ZC, et al. Support vector machine classifier for
prediction of the metastasis of colorectal cancer[J]. Int J Mol Med, 2018,
41(3): 1419-1426.

[20] Paugh SW, Bonten EJ, Savic D, et al. NALP3 inflammasome upregulation
and CASP1 cleavage of the glucocorticoid receptor cause glucocorticoid
resistance in leukemia cells[J]. Nat Genet, 2015, 47(6): 607-614.

[21] Wang J, Xie SD, Yang JJ, et al. The long noncoding RNA HI9 promotes
tamoxifen resistance in breast cancer via autophagy[J]. J Hematol Oncol,
2019, 12: 81.

[22] Zhou X, Wang X, Huang K, et al. Investigation of the clinical significance
and prospective molecular mechanisms of cystatin genes in patients with
hepatitis B virus-related hepatocellular carcinoma[J]. Oncol Rep, 2019,
42(1): 189-201.

[23] Weren RD, Ligtenberg MJ, Kets CM, et al. A germline homozygous
mutation in the base-excision repair gene NTHLI causes adenomatous
polyposis and colorectal cancer[J]. Nat Genet, 2015, 47(6): 668-671.

[24] Lin SH, Raju GS, Huff C, et al. The somatic mutation landscape of
premalignant colorectal adenoma[J]. Gut, 2018, 67(7): 1299-1305.

[WHBHE] 2020-05-21 [AxHmE] %

MR AR (B , 2021, 41(2) @



