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Abstract

Renal cell carcinoma is a common and fatal disease, accounting for the majority of kidney cancers.
There are three basic histological subtypes of renal cell carcinoma, each of which has unique bio-
logical and clinical characteristics, which represents a complex and heterogeneous ailment. The
availability of molecular subtypes and biomarkers for renal cell carcinoma is made possible by
modern technological advancements. In this study, we combined three different feature selection
techniques, namely mRMR, Lasso, and Boruta, using the idea of voting method to select the most
significant features from multiple single-omics datasets of TCGA and use them as input to a base
machine learning model for histological subtype classification of renal cell carcinoma. We eva-
luated six classification models, including logistic regression (LR), random forest (RF), support
vector machine (SVM), naive Bayes (NB), k-nearest neighbor (KNN), and XGBoost. The results dem-
onstrate that the features from the miRNA mature strand expression RNAseq dataset outperformed
other classification methods based on the application of the new feature selection process in this
paper, achieving the highest performance with an accuracy of 0.9779 and an AUC of 0.9834 under
the logistic regression model. As a result, the enhanced and refined feature selection and categoriza-
tion offer diagnostic indicators that could help increase the accuracy of diagnosis, aid in the devel-
opment of early treatment plans, and enhance the survival of patients with renal cell carcinoma.
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B 4 R (RCC) 2 /e b R 4 e B MR RE o W EJRE R 1 9006 LA b, — i DL HL B i [1]
[2]. R4S TR 2 SR B, B4 BB £ 430,000 71, FET-IE 180,000 #[3]. B 4H Mk t T
ZANE W REIE WA B, A TR AR5 . AR B R 2 1 B8 AN ) R i AT 2 DA B A
AR YT [N [4]. RCC A% WA R EAFE LT =25 'Fi& AR (ccRCC) FLkIR ' il i (pRCC)
F ik .20 i3 (ChRCC), e HH 37 WA A s 2 B s LY, 24 o 5 4 e 1 759%, LStk B 44 s o
15%~20%, S 402 &5 5% [2]. LHEVREL 22 PEAh & 1281 ccRCC. pRCC I chRCC K& Anitt. KM
FUBN T T RSB 2 18] 22 556 T Sodt B 3 1 BLRR YT SR H

W A 5 DR 2 25 R0 e 2 2 R R R DB R, R 7 22 1 5 R A At W R SRl AN AL . e 2 [
3% (TCGA, https://tcga-data.nci.nih.gov/tcgal) =& — > AR e 2L A 2 U H , 8 B AERITIR IRE) A
[F A AE I B AERFAE[5] . TCGA B ARISRA A S 2dE, BHER A EHE (MRNAL IncRNA 1 miRNA).
SR AR (FRAE . CNV). R AL R L5 (DNA HBE4K) . 88 (1 5 450 Al PR A5 2 58 [5) (6] ¥F 2t
TR F 4 1) 4 2 R AT e 7 R 5, B DL R B R R IB HE [ 7] TCGA A& =40 T ik
FERITUH , A HC T A7 BRI DL i LA 21558 - KICH (B S ta 4t fifdiE) . KIRC (B3 B4 g
FTKIRP (5 7SR 40 fadz) -

EXT A, FATELER S FIH TCGA Hdi, FRAT et HErf X 4 ' 40 f g EAT WY RIRFAE, AR

DOI: 10.12677/aam.2023.127338 3399 IR Esid


https://doi.org/10.12677/aam.2023.127338
http://creativecommons.org/licenses/by/4.0/
https://tcga-data.nci.nih.gov/tcga/

EIA AL AR ek 70 TR, 1K T K RCC RIS A PR IR T 7 AN T AL bR S WS (it
FRATTSCHE R 73S AT LA SR B AE R (1472 I AN S8 5 B8 H P B, AR SCUURE R mT DASE A T LAt e i o »

2. M 55%
2.1 BEBUE

B A0 g 4 S R0 R ) TCGA I B I (o A g B33 W 4l Pfaes LA B B LSt 4t i = A BA B A 4
4 (KICH, KIRC, KIRP, https://tcga.xenahubs.net). 4 1 % 54t 475025, BATH E 7 AFEE K
UL S AN FRIE RNA M FRARAREHE . LR RE RNA JU P AT miRNA i 2EE 2 IA RNA LT
E A IR T B 2H 2 00 2 I R SR AT ER 7T . FRATTAE T 30 A copynumber. exon RNA-seq. methylation.
gene RNA-seq il miRNA {145 5 K fig iX AR . AEA7 M 8508 b 32 B85 a A4t

Table 1. Original samples and feature counts for each data set of renal cell carcinoma

=1 BERES N EEREEA SR

B\ EVEITE S HAR FHE &
copynumber 66 24,776
exon RNA-seq 91 239,322
KICH methylation 66 485,577
gene RNA-seq 91 20,530

mMiRNA 89 1917

copynumber 528 24,776
exon RNA-seq 606 239,322
KIRC methylation 480 485,577
gene RNA-seq 606 20,530

mMiRNA 311 2048

copynumber 288 24,776
exon RNA-seq 323 239,322
KIRP methylation 321 485,577
gene RNA-seq 323 20,530

mMiRNA 321 2114

TR A 2B & A AT AR, B “subtype” FIFEHE “KICH” . “KIRC” . “KIRP” =
ORI T 0y 1. 20 SR EATEX HAHATHEEE & 9F, BE1% 1 fridm A& EmEdEgE. BT
oy Bt AT PR ERAA . A SRR ek, DAR R B RO 2 15 R T B AN PR 1 4 2L A Gy
Fo o, FEAEHEEN 20% 0 Bdh b B AE SRS MR AE 8006 IIEE B H T I 25 .

2.2. BIRFAESFHEERE

LHAE B AR AE LB i, A5 S 2 R B R G L, 1 50E R RHIEIL
TR RATE A RO T 8 . EARSCH, HeMIBRE RIS 30%41 . 2 R kA SR IR Ty 22
45 1E (methylation450k ) 77 % < 0.05, copynumber.miRNA 5 gene RNA-seq [ 75 % < 0.5, exon RNA-seq
72 < AR, FOVEATD 3 REERA K. BATFEBR 8 T SANRE S H S VR A OGP, o
TR, 2555 0 AR SRR (10728 B (A A $idi 4 11 spearman 1 5¢ R B4 E < 0.0) % A SCIIWF 7= 2E T
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BN SR B AT A AR AL, O TR BRI B AR, AR & LASSO [8]. mRMR
(Max-Relevance and Min-Redundancy) [9]#1 Boruta [10]#EAT4FAEIE £ 248 —RFEAE — R3S X IR E P =
FRRAIE 26 5 7 25 TR B 32 w9 R B I A BT, U I R AE T Al i A B 2 B o 5 4138 X
EA I FIRTE P 5 AR RE 05 3% H A IE DR S 2 HOHFAE, R AN B 2 A HLES SR, ) TR/~ 44
P45 B BR R ' A0 PR R0 W B A 40 25 . BRAR AR R AIE IR B R RN I R T L B (S R ZE R K, (1
R T SR T B R b A B A A A G B AT B R T T BRI R, AT R T A SBRAIE R A IR
MRMR 3 [ RFE R (T B A2 23 3 50 MFAE) . BN ER S5 10 I R HE SRR FE 42 3 e

2.3. HBFFEIER

W ERTIR, AT e RE GIE B R P 22 ST RN o FEARSCHY,  FRATTH 1 3 HEHf
FRIF-1 AUC 1 340t I B F5000 47 PR A b o o ey, v 3R 8 3 i F00 405 B 5 28 R i 4 b i 2 ik 0 Y
) — UM RVPAS £, AUC 5 SN ROC R 2R T A bl im0 BBl AR X 35k o W8 224N [F] 32 CBRAIE T BIVERR 2R Fl AUC
FIbRIEZE, A BT PIWZ a8 NRFIE R PSS 2 S iR R AR

LEXTE T, FRATEBESFHLES A IR W FIH(LR). BENLARM(RF). ZEERIENL(SVYM). Fk
2 UH-H7(NB) Kk SZ4R(KNN)FT XGBoost. 1X 26 S fih (A1 25 2% > 45 7L 458 7 FH -8 936k 5 ORI it 1 15 4 e
FEIIH AW RL, DB 8 A ORI B B i e 5 A B T WA f 43 2% Fra AR AR ] LLERE python
RS
3. BIET M

SRR AL 45 BIIRE A B TCGA H1( KICH, KIRC, KIRP /A FF# 4t (https://tcga.xenahubs.net) »
4, 4Eig
4.1. ¥FfEIEHEE

# KICH.KIRC.KIRP =il 4 4 3, 4371143 2] copynumber . exon RNA-seq. methylation.gene RNA-seq
A miRNA TS BUR A, BARREAR SRR A I 2 Fras, Ak k56 40 s 0 7 40 K i %2 5 AUC
e B — R ST VAR, BD miRNA BiE4E . RAE R 721 MEEAR, JUH 1847 M, A IFG
AR PR SEMERE R EEESE. Hh N TR RERE ez, BNEN T, A
TP B RREE R RE: 89 D KICH, 311 4 KIRC, 321 4N KIRP. Tl 44 5 4E k45 Lo,
16 5 Pra2 XIGUEF, FRIRAE XERAEF=4: 577 NIIRER 144 MRS A T R IR I 23 W7 8 $2 (5
BhROSRIE, JESER) 2 K = RS ek H5R: mRMR. LASSO F1 Boruta.

Table 2. Merged datasets
F2 AABHIBES

B HEAE L=
KICH 66

copynumber KIRC 528 882 24,776
KIRP 288
KICH 91

exon RNA-seq KIRC 606 1020 239,322
KIRP 323
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Continued

KICH 66

methylation KIRC 480 867 485,577
KIRP 321
KICH 91

gene RNA-seq KIRC 606 1020 20,530
KIRP 323
KICH 89

miRNA KIRC 311 721 1847

KIRP 321

FEFATTE R P e RRHE I B R, AT & miIRNA Bi 4R b 13 21 1 77 MRHE, Wk 3
o HARBEEEIERAL SBEM T X 3 Prr. SHEREILER N RHERRIE KT BLE A B i sk
MIF P 1 ST 2 Jgon, SATRTAE A SORFE IR SRR Phidk th (O RFAEAE = Fh M R v 22 3
AT DA S e L RS AE X ' A e S 2 93 2R AT AL

Table 3. Features extracted from each dataset

3. BHIREREL RIFE

Hifa e

copynumber

exon RNA-seq

L
/

HE
0

chr13:28959688-28964241: —, chr19:8145887-8146003: —,
chr15:57976600-57977560: +, chr19:55672008-55672143: —,
chr19:46093025-46095955: —, chr1:79355451-79356901: —,
chr1:79357209-79357377: —, chr1:79358783-79358874: —,

chr1:79383319-79383385: —, chrl7:74010507-74010657: —,

chr18:12658738-12658772: +, chr4:55944427-55946330: —,
chr5:138784245-138784597: —, chr1:163112098-163117293: —,

24

chr13:28874483-28877505: —, chr5:138784767-138784865: —,
chr12:57630107-57630464: —, chr12:57629532-57629592: —,
chr16:83828628-83830197: +, chr5:52243175-52243291.: +,
chr6:32002291-32002374: +, chr6:5998235-5999437: —,
chr9:1049858-1050775: +, chr9:1051535-1052138: +

JFURFAL K
24,776

239,322

€g22078451, cg24922129, ¢g23856138, cg11840467, cg11191368,
€g22301128, cg04935121, cg09645818, cg05141014, cg05256605,
€g05425699, cg09548780, cg00204802, cg09468836, cg08897188,
cg06428163, cg24499411, cg08559364, cg08435683, cg08223003,
methylation €g06756211, cg06786219, cg22024120, cg07479030, cg02670123, 41
€g15431659, cg01020475, cg01881182, cg19009372, cg03830585,
€g26971042, cg19062108, cg16929739, cg16026813, cg15266205,
€g15077193, cg20176142, cg14078335, cg13740187, cgl2785694,

cg17444849

485,577

LDB2, ECSCR, MAPREZ2, CDH13, PLVAP, CDH5, MYCT1, ERG,
PPP1R3C, RGS5, ELTD1, PYY, PRICKLE2, EDNRA, CXorf36,

gene RNA-seq

GPR4, NR5A2, CYYR1, LRRTM1, PCSK6, CD34, KDR, GGT1,

AKR1C3, GALNT14, PCDH12, FLT1, TMEM176B, PCDH17,
BCL6B, C11orf53, KLK15, MAFA, TCF4, KRT6C, C30rf70,

GIMAPG, C6orf223, C8orf71, PSKH2

20,530
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MIMATO0000063, MIMAT0004748, MIMAT0004571,
MIMATO0000461, MIMAT0004585, MIMAT0004589,
MIMATO0000449, MIMAT0000445, MIMAT0000444,
MIMATO0004598, MIMAT0000437, MIMAT0004599,
MIMAT0000435, MIMAT0004601, MIMATO0000432,
MIMAT0004613, MIMAT0000430, MIMAT0004615,
MIMAT0003150, MIMAT0004569, MIMAT0004568,
MIMATO0000681, MIMAT0001341, MIMAT0002874,
MIMATO0002820, MIMAT0002809, MIMAT0003321,
MIMATO0002174, MIMAT0004482, MIMAT0001343,
MIMATO0004485, MIMAT0004553, MIMAT0000763,
MIMATO0004494, MIMAT0004499, MIMAT0004500,
MIMATO0004514, MIMAT0000689, MIMAT0004552,
MIMATO0004703, MIMAT0000423, MIMAT0015045,
MIMATO0000084, MIMAT0016895, MIMAT0017982,
MIMATO0000095, MIMAT0000089, MIMAT0017985,
MIMATO0000087, MIMAT0000086, MIMAT0017990,
MIMATO0005951, MIMAT0000077, MIMAT0000076,
MIMATO0000075, MIMAT0018073, MIMAT0019731,
MIMAT0022925, MIMAT0026472, MIMAT0000242,
MIMATO0002888, MIMAT0004911, MIMAT0005796,
MIMATO0000279, MIMAT0004809, MIMAT0004909,
MIMATO0000270, MIMAT0000245, MIMAT0004945,
MIMATO0000265, MIMAT0000262, MIMAT0005825,
MIMATO0000255, MIMAT0000254, MIMAT0000318,

miRNA

MIMAT0000250, MIMAT0004902

77 1847

4.2. HlESFEIJRAER

N T PG A SC R B a0 8 & AVRFAIE e B0 P02 750 B T B 0 e FO R 28, JRATDRE 3 0I5 1 % 4
PESRHEAT 5 P IR, A L RFAEE FAR S B 0 ZLRF RSN SRR LA 2 ST oh - JF LR

HE AU R 5 AUC.
1.0
By - -
u T T1. +
HEN m= L i e T
0.9
o
group
|:| exon
20.8 meth
HiSeqVv2
] mirnA
0.7
0.6
LR RF SVM KNN NB XGB
Methods
Figure 1. Mean AUC of each dataset
B 1. SHIREMNTF AUC
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P AR S AR 7 SR A RN 1] 1 Fos o ARABEE R, AT LS A 2, Kk B miRNA Hdfs 42 1Rk
FETA BE T IS 1 i) AUC, X5 2 IIE5R — 2, miRNA JRIGRIRFER /D, EIREH T R%
(K1 77 MRFAE. R E gene RNA_seq Hudfi 4 (KIRFAEXT 1 240 o U R Al 20 K ) ik doe /s, (HANJAL 1 AT LA
B HARHEZIRD, XK W] gene RNA_seq AT LI AE LAY 70 g (1 S A g U4 AE . AHELZ T, HAh =14
ERRIPRHEZE RO, AR L& SRR R AORRE PEAR XL 22

1.00

T h &F Jf% o =

0.95 % %
2 criteria
=}
2090 ] Acc
12 ] Aauc

0.85

0-80 LR RF SVM KNN NB XGB

Methods

Figure 2. Mean accuracy and AUC of miRNA dataset
B 2. miRNA $URE T ERMER AUC

AL 1 P s BT HEIR A, B miRNA BB Mas 1. (8 2 ik 4 £0£0,
REZENE 2 S INEEX A T =R RFE ] LA3RAS 0.95 LR T &1 AUC, Sttt 0.98. Fr [
KNN Fl XGB 1X P R A28 27 > 75156 IR AR HEZE4b, BT J71E15 3 I HER R AT AUC #LL ke ,
2 LR 5 SVM J7ik. TEATA ik, LR M4 Raly, ACC 4 0.9779, AUC 4y 0.9834.

Table 4. Results of using the new feature selection process with the machine learning classifier

4. ERAFFHOEFRIERAIEF I D LXENER

LA 5107 % W 2 b 22 AUC AUC (i

LR 0.9779 0.0134 0.9834 0.01

RF 0.9517 0.0151 0.9638 0.0113
SVM 0.9669 0.0134 0.9752 0.01
KNN 0.9462 0.0228 0.9597 0.0171

NB 0.9007 0.0167 0.9225 0.0125
XGB 0.9545 0.0223 0.9659 0.0175

5. i

B e — b R R B, SRR WALE S AR R YT 5 58, HAFEAH Z BRI TS .
AT HE T B A R B

A FCRIEHT Z AT, BAVEE T 24 TCGA A = Mifa AT L,  BIHT T B A i A RS AR e 60
R, SRHI 2 PRI LA 5 31 J5 900 B 2 e I AR AT 202K, IR VPR R SR A A7 S AERATTRIRT LA
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OB R T — A mRMR. lasso Al boruta F4FAEHEELEE, FI T3 T The Cancer Genome
Atlas (TCGA)ZH 2= H5 0 i o A i 2H 21 0 B 4 2%, R R S AN SRR RO AL 48 25 ST A28 = A IR HE R %6 5 AUC
RFNWT i LR R RIS o BIMEFH B — (R IE I B 7 R PR BRI AR ] bR, (RS R v REA
RANE. Bk, A1 RAEINSHEMREE, &6 SMEHMEIEBREAR, mEaR T 5 40 i V.5 5
K. Be)5, FRA1ERE T miRNA SRS 77 ANRHE, 8 F S FIHL S22 SRS R PE AR AE e B4 A
TERE: B EIE(LR) BENARM(RF) SCREAENL(SVM). AhZE DIH-1(NB). k 2245 (KNN)H! XGBoost,
HAFAML B2 )RR e 35 (i 45 5 . Hirh, LR 78 B 20 s S0 280 43 2 v B 08 77 A de v A e B o (1A v
A1 AUC.

1R, miIRNA i 805 5 20 B AL o R PR it 1 Feom i) 2800 77, B AE IS UE T &ML )
7RIS s 25 3, methylation 2R 8 173 2R PEBEIR 2, gene RNA_seq Z£E 45 R A 5]
R 2P, HECRFRE .

N T IAEASCT iR R, FRATE R T B e A FLARE I TCGA Rt TI0E . RATKRIL, B
'V 4 e 22 A RO A B AR A A SR HER e 5 AUC, RS F 22 4 5 s i i e (1) AUC ik
0.97, FLARREM) AUC ] DUXE] 0.9 LA b, MR L5 B AAE BB R TE, X s i AR SCH H IRk
TESRRCT VAR S, AT LUE T & P «

EIRFRATTI 7 1 AE B A PR L B Ay R S T RAFRIRICR, (g — 285 B . 1) 7EFRATY
WHFerh, RATRBER T B4, HIEECT File 5 AU T I00E, AT R & v LA R 208 5T H
fhEERE Y, IR TR EEHE— AR 2) ARG I AN B S A 0 B 4T i 4 23 2 3 2 2= AR AR I
SEL, (HFRATTACA i S A TH 1) 2 A SRR AT WAL 02, B RTIEANATIE & 15 BE 47 1) TCGA B4 &
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Figure S1. Box plots of expression levels of selected important features: exon expression level (a), methyla-
tion level (b), RNA-seq expression level (c), miRNA mature strand expression level (d)
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Figure S2. Heatmap of selected important features: exon expression level (a), methylation level (b), RNA-seq
expression level (c), miRNA mature strand expression level (d)
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