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Abstract

Background: Recent studies have revealed the significant role of V-Myb avian myeloblastosis viral
oncogene homolog-like 2 (MYBL2) in the development and progression of cancer. The identification
of biomarkers that contribute to early detection and risk stratification provides significant benefits
for patients with clear cell renal cell carcinoma (ccRCC). The aim of the current study was to determine
whether MYBL2 can be used as a predictor of the prognosis of ccRCC. Methods: Based on The Cancer
Genome Atlas (TCGA) database, we compared the expression of MYBL2 in ccRCC tissues with that in
normal tissues. The predictive value of MYBL2 was assessed by survival analysis, clinical correla-
tion analysis and nomogram. Effective tumor inhibitors of ccRCC were identified by Genomics of
Drug Sensitivity in Cancer (GDSC) database. Gene Set Enrichment Analysis (GSEA) was carried out
for functional analysis, and the proportion of 21 Kinds of infiltrating immune cells in ccRCC was
evaluated by the CIBERSORT algorithm. Results: The expression of MYBL2 in ccRCC is higher than
that in normal tissues. Patients in the MYBL2 low expression group had a better prognosis than
those in the MYBL?2 high expression group. Multivariate Cox regression analysis showed that MYBL2
was an independent prognostic factor for ccRCC. The prognostic nomogram with clinical features
and MYBL2 was also constructed. Based on the GDSC database, some drugs have selective inhibitory
effects on ccRCC cells with MYBL2 expression. The results of GSEA and CIBERSORT algorithm
showed that multiple pathways, including immune-related pathways, were enriched in the MYBL2
high expression group, and eleven kinds of immunocytes infiltrated were correlated with the ex-
pression of MYBL2. Conclusions: Our study shows that MYBL2 can be used as a prognostic marker
of ccRCC and might regulate the immune microenvironment by affecting the infiltration level of var-
ious kinds of immune cells.
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LA T IRIRERE . FRATIT 75 1) S A I 7 208 61 %5 (26~90 %), K 2 £iMRI (43.5%, n =
230)/2 G2 ¥, 39.1% (n=207)/2 G3 . | HAFwIL 269 435 (50.3%), 11 1 57 41(10.7%), 11 1 125 H4i
(23.4%)F1 1V 1] 83 #1(15.6%). H—, ZH_—, ZH=FIEEVUR B 5 51.2%, 12.8%, 33.9%7F12.1%. 505
Bl 79 151(15.6%) A AL R . 257 ) 17 151(6.6%) Ak LA A . e E — IE A IS B AL

bE VIR [R] 9 36.4 S H (Va0 3] 122.3 M H).

Table 1. Clinical characteristics of ccRCC patients

5% 1. ccRCC B E 1yl R4FE

Clinical characteristics Tota 537 %
Age (y) 61 (26~90)
Female 191 35.6
Gender
Male 346 64.4
G1 14 2.6
G2 230 43.5
Histological grade
G3 207 39.1
G4 78 14.8
I 269 50.3
1l 57 10.7
Stage

Il 125 23.4
v 83 15.6
T1 275 51.2
T2 69 12.8

T classification
T3 182 33.9
T4 11 21
MO 426 84.4

M classification
M1 79 15.6
NO 240 93.4

N classification
N1 17 6.6
Survival 367 68.3

Survival status
Death 170 31.7

ccRCC: clear cell renal cell carcinoma.
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Figure 1. MYBL2 was significantly overexpressed in ccRCC. (A) MYBL2 was significantly up-
regulated in ccRCC tissues compared to normal Kidney tissues; (B) MYBL2 was expressed at
higher levels in ccRCC compared to non-cancerous adjacent tissues

& 1. MYBL2 £ ccRCC R EZE T Fik. (A) SEEEHLMEL, MYBL2 £ ccRCC A4
FIFKFREZLA; (B) SEEHERAMEL, MYBL2 7E ccRCC FHIRIEKTFES

3.3. MYBL2 &5i&R ccRCC fiimT % REIE = KA EE

I 534 ccRCC H MYBL2 33k 5 Il RAFAEZ [A] FUAH DG, FRATANE MYBL2 334 39 0 5 I R
fERFEM R, AHREER(P <0.05: [ 2(A)), AL (P <0.05: [ 2(B)), 7P <0.05: £ 2(C), T
AP <0.05; € 2(D)), N 4r#I(P<0.05; [ 2(E)F1 M 43 (P <0.05; [ 2(F)). #[K 2 COX 43Hr&RMH,
MYBL2 FRikfEA» KRR B GE T FEREME 1.41) 54 B IR ERFAEA 2 (% 2). ccRCC H1
MYBL2 £k 52 B E M 9<(G3 vs. G1 ¥ OR=4.54; G4vs.G1 A OR=11.61), 4r-#(Illvs. 1} OR
=2.26; IVvs.1 JOR=450), T4#(T3vs. T1 /) OR=2.94; T4vs. T1 ) OR=7), &A% (M1vs. MO
ff) OR = 3.48), WKELAIRAS(FHTE vs.IPER OR =7.81), M:5(& ik vs. B3P OR = 0.69) (Fi A P <0.05).
TR, BATAEBME MYBL2 & — M5 XSGR, vl RES 5 IR IR AR AR & o
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Table 2. The correlation between MYBL2 expression and clinical characteristics (Logistic regression)
Fz 2. MYBL2 ik SIRARYFE < (B 8948 X £ (Logistic [E1Y3534F)

Clinical characteristics Total (N) Odds ratio in MYBL2 expression P-Value
Grade (G3 vs. G1) 221 4.54 (1.37~20.52) 0.0231

Grade (G4 vs. G1) 92 11.61 (3.22~55.67) 0.0005

Stage (Il vs. 1) 394 2.26 (1.47~3.51) 0.0002

Stage (IV vs. I) 352 4.50 (2.62~7.97) <0.0001

T stage (T3 vs. T1) 457 2.94 (1.99~4.37) <0.0001

T stage (T4 vs. T1) 286 7.00 (1.76~46.53) 0.0139
Metastasis (M1 vs. M0) 505 3.48 (2.05~6.11) <0.0001
Lymph nodes (positive vs. negative) 257 7.81 (2.12~50.40) 0.0074
Sex (female vs. male) 537 0.69 (0.48~0.99) 0.0456

*Categorical dependent variable, greater or less than the median expression level.
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Figure 2. The relationship between the expression MYBL2 and clinicopathological variables. (A) Gender; (B) Histological
grade; (C) Pathological stage; (D) T stage; (E) N stage; (F) M stage
& 2. MYBL2 RIASIGFRIFERIXR. (A) M3; (B) HAEHE; (C) HESH; D)T 48; E)N HH; M HH
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3.4. MYBL2 A2 ccRCC BEZ BN BRES

wiE 3 Fion, B TR MYBL2 m3RIA B 1) OS 1 DFS #1#; MYBL2 kR IA BH I [HEEP <
0.05). % MYBL2 £iA7KF 5 ccRCC & T 5 Z [AAFE R VI K &R, JA 1A 17— A A5 S8,
PR T —ASHA I, AT 1. 3 A5 4E[ OS (K 4). FEHEER COX ik, 4ER([HR] = 1.033;
[CI]: 1.019~1.047; P < 0.001), Ji¥E2E5r2%([HR] = 2.293; [CI]: 1.854~2.836; P < 0.001), 4> #A([HR] = 1.889;
[CI]: 1.649~2.164; P < 0.001), T 4>#I([HR] = 1.941; [CI]: 1.639~2.299; P < 0.001), ZAb#H([HR] = 4.284;
[CI]: 3.106~5.908; P < 0.001), MYBL2 ([HR] = 1.077; [CI]: 1.052~1.102; P < 0.001) 5 ccRCC ¥ 5 {417
TR IE(E 5(A)). ZH & COX TR, MYBL2 &k 2& ccRCC £ 4 TJa FIA 7 fa 6 K = ([HR] = 1.072,
[CI]: 1.043~1.102, P <0.001) (4] 5(B)).
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Figure 3. Survival analysis. (A) Correlation between MYBL2 expression and OS in ccRCC patients; (B) Correlation
between MYBL2 expression and DFS in ccRCC patients

& 3. £FERM. (A) ccRCC B& MYBL2 Rik5 OS BIHHX14; (B) ccRCC & MYBL2 RIAS DFS MItEX14
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Figure 5. Univariate Cox regression and multivariate Cox regression analysis. Forest plot based on univariate
(A) and multivariate (B) Cox regression analysis of OS
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Figure 6. Analysis of drug sensitivity related to MYBL2 expression in renal cell carcinoma cell lines. Green
represents drugs were selectivity for the ccRCC patients with MYBL2 expression (IC50 < 0); red indicates
ccRCC patients with MYBL2 expression were resistant to drugs (IC50 > 0)

6. BYIREEMA R MYBL2 KX SHPME M 5. FERRIAYT MYBL2 FiER ccRCC &

BAEFM(1C50 <0); LKz MYBL2 Fik#Y ccRCC BEMZ45(1C50 > 0)

Table 3. MYBL2 expression-associated drugs

%% 3. MYBL2 RiAHE XY

Drug Cor P-value
Rapamycin —0.686 0.0055
PHA-665752 0.566 0.0133
GNF-2 0.562 0.0139
CGP-60474 —0.606 0.0147
BMS-536924 —0.589 0.0179
Cyclopamine 0.534 0.0192
Selumetinib 0.519 0.0227
CGP-082996 —0.563 0.0239
Salubrinal 0.509 0.0253
Saracatinib —0.544 0.0293
Roscovitine 0.495 0.0294
Paclitaxel —0.524 0.0362
SB 216763 0.469 0.0362
Lapatinib 0.46 0.0362
Nilotinib 0.452 0.0362
Erlotinib 0.451 0.0362

Cor: Pearson correlation coefficient.

BT MYBL2 RIAX TG FFEm A8, BATEWT 5 T MYBL2 $KiA7E ccRCC B #EIRITHIER - H#l,
T E R ccRCC MIYRYT, HEMNAYT 2R RN, JEHA 5 51RMATE[18]. AT RS 20 MR
7, FT ccRCC IMAILIETT, FATTHT T M GDSC Hdl 3RS s, LARILEA MYBL2 Rk &
TRGEABENTERENZY . SRR, HinER. CGP-60474. BMS-536924. CGP-082996. %
RE RN MYBL2 £IA ccRCC B#H At A A B & MHI (& 6 Fk 3), MAXLLEYINRA
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MYBL2 £i&H) ccRCC BEMIGITIEFE. tbAh, BFFtILE/R, MYBL2 Rkl ccRCC H#FH T HEXT PHA-
665752. GNF-2. ¥ [, ® 5% 2. Salubrinal. Roscovitine. SB216763. #iiH# JE. JEikE R F1Eik &
REAMZTE(E 6 A 3). M2z, BANEW 7 HEZ59% B MYBL2 ik ccRCC 41l HL A ik Bt
FOHIE T, XA H BN ccRCC R I E MAAL 251k 3%
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Figure 7. Enrichment plots from gene set enrichment analysis (GSEA). Each line representing one particular gene set with
unique color, and up-regulated genes located in the left approaching the origin of the coordinates, by contrast the down-
regulated lay on the right of x-axis. Only gene sets with NOM P < 0.05 and FDR < 0.05 were considered significant. (A)
The enriched gene sets in MSigDB Collection (c2.cp.kegg.v6.2.symbols.gmt) by the high MYBL2 expression patients; (B),
(C) GSEA indicated significant enrichment of immune-related phenotype in the high MYBL2 expression patients
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DA BRI TR B MYBL2 RiA7E ccRCC & itk B/ E H - vl ] MYBL2 I 52 ccRCC Tl 5
FIELERLE], FRATEAT T GSEA HRRALAE MYBL2 FIAH 2 7] 22 R ¥iE (5 5 188 . GSEA 1F MSigDB
££4(c2.cp.kegg.v6.2.symbols.gmt) [ & £ J7 [HI A7 7E 2 % 22 7(NOM P < 0.05 #l FDR < 0.05). 5 IgA f=%E.
H B Gt R IR AR T - 0HR B 72 AR AH EVE R, et O LS, PN AR5, | B0pE IR
Wi, JRRVERBEER GG, FIUREM, Mg R, FMRABEHET, B, BHEYPUE 2, s
DI, DNA &, AARRMGIN SRS, KREMECRRE, UMK 2T (CAM), Fift2
R UGy, BRI, BT DNA RIS A0 5 5 E 4 T MYBL2 mRiE4l, MYBL2 RRIE4IHR
EHERR. Hd, AMEFRMAREES ccRCC MR R EM (A 7(A). b, BATKIE MYBL2 RiA
HAE L T 2B A . Rk, 30T 17 3 RARER) GSEA, 455K W E MYBL2 ik 4H 1) S Al 5%
TR (G 5 N BRI R G R ) B A (B 7(B), B 7(C))[19]. X$E/m MYBL2 ik ] GE 55 s 4
P K.

3.7. MYBL2 FiXKFE&N TME IR EiEH

N1 RN MYBL2 RIS RIS 2 MK R, MH CIBERSORT iHH LM E T &AL
cCRCC 3 21 Mo e A iR Ll (4] 8) . 2RI, 40#T T MYBL2 mRIAH M MYBL2 RFRIAH 2
V][] S IR A i 7T (8 X A S MY BL2 ZRIB 7K 5328 (1 S B 40 i 2 (RN IR AR OGP (1] 9). 25 SRR,
5 P4l 5 MYBL2 fJ3RIA 2 IEAHC(CD8 T 4iiffl. CDAHcZE: 1L T 4l CDAHcIZBuE T 4.
JEIHEBD T UM, PITME(Tregs) T 4HAE)F1 6 PR 4 RIE S MYBL2 [13RIA B AR G(NK ZH A
1E, B, B0 MO, B4R M2, WIOIRANMEOE, AER4EMEELE). DR AR — I
MYBL2 ik /K1) 201 TME [ S idi 1 .
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Figure 8. Immunocytes infiltrated profile in tumor patients. Barplot showing the proportion of 21 kinds of immunocytes
infiltrated in ccRCC tumor patients. The listing of plot represents the patient ID
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Figure 9. Correlation of immunocytes infiltrated proportion with MYBL2 expression. (A) plot showed the ratio differ-
entiation of 21 kinds of immune cells between ccRCC samples with low or high MYBL2 expression relative to the
median of MYBL2 expression level; Green represents ccRCC patients with low MYBL2 expression; red indicates ccRCC
patients with high MYBL2 expression; (B) Scatter plot showed the correlation of 11 kinds of immunocytes infiltrated
proportion with the MYBL2 expression; (C) Venn plot revealed 11 kinds of immunocytes infiltrated correlated with
MYBL2 expression on the basis of difference and correlation tests displayed above two figures
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4. ¥W1ig

T, PR TE YR 2 SR i Fik 1 MYBL2 5 EBE AR RINTRE 4G 6. i, CiFs MYBL2 76
S5 H s )t R R O E Y, LRI S B IS A 9K[10]. Zhang 55 NIER] T MYBL2 7E ARMHA K
R RIE S ARG E R, F8 AKUFoxML 5 55 S8 NN &R, et N & I iR i
K&, TRERC 53T B A1 BB 106 J25 DR R A 28 1 S IR TBUR VT 7 AR bR B [11] . Ak, MYBL2 it
BN R it i B LU R, L RIA SRR R R (B W1, COL11AL1, COL6AL, FN1, MMP2,
NID1, FLT4, INSR I CCNAL L. S 5MMIGHE, M kA fIFE RS 1) O BEd 2 (i an 4 e A M5 5
PG ERK) MBS RRIL R (1 G B(AKYII(E SEES) [9]. IXUEHFFTRB MYBL2 R LA & Fh i ik
J&, FHH MYBL2 1l RIE 5 B M TG BOEA G .

XTI TAET, ALK E MYBL2 {F4 ccRCC il IR ERE . 1%, JET TCGA %,
AW B2 R ccRCC HZL S IEH A2 18] MYBL2 Rk W3 2 5 . 2k, B/ & W], MYBL2
KIEFHEF L MYBL2 RIS EE T OS F. M H, MYBL2 £ ccRCC H R IA IG5 W SR PR RF
EGEG, i, LR, @A), ZIHE Cox HHTIEH MYBL2 Al {4 ccRCC H# 1)
ML IRE RIZ . 25U T BoR 2 R 250 MYBL2 ik ccRCC i B BB idve, XA
F MYBL2 £k ¥ ccRCC B ML IATT -

WAVEEENL T MYBL2 Fak (F TG 58, ] LLSE o fff T30 £ 55 1) OS. e Ak, i T i — 2P Hi 7t ccRCC
B MYBL2 SUR TG KB EE 54 Fi%, AT TCGA $¥iik17 T GSEA, MYBL2 f&#RIA LB
i e M2 R E 5, T4 1gA, GRS A0 732 AR AH E/ER, DNA &, HARRGAEN
SR MEEME,  AHMORSEE 2> T (CAM)RIGHE . Jeni OB 7 R UESE, 7242 1gA IR Wi S I 2% 5 fi
ik REAISC[20], WA IgA FRAAE S IE B 1 g 1 ey AR R T IR 0 B () 3 B AT RS [21] . AR IR TS
2t e R - S2 AR AR ELAE R AT AR T 40 BR - (AH EAE R, AR N B S S Sl R MR R B
HkL A RBEEHI[22] [23]. Macheret S54ikiE DNA Sl 7E iR A= sk g ot G B E T, DNA S B1igL
JSLHE R R RE FAR 5 [24] o JAR A3 24 B g ) 38 F R I35 A B DDA %, oA 5 (V0 40 i 2 P 0 e
SR A T A EE LA F[25] [26]. SCHERIIERA, 40 HH 200 A0 T RE I 1 (0 184 56 5 v e 4 P PR 386 3 A O
[27]. CARIER AL TR VIBR & 0L vT RS2 55 e Jas (0 B 22 AR WA I ANG 7 $ERR 28] SRR 2 (1T
FLR, ARG 2T (CAMS)TE IR ()33 Fe AL R b 5 S 0OME T, LAE iR V67 Hh 1R 8 F A 5 il
[29]-[31]. i LFrik, FA1MI4E HREH MYBL2 7] fEiE_FiRk{5 581250 ccRCC [HK & .

TR R 22 FAIEAE 25 W, TME 1) G2 200 B R 55 I 40 0 7 P i A R0 O e PR (R 1/ - % F- ceRCC,
ST AR TR O 22 E BA 8 2 G 2 40 B ) P 2 5 R IR T A DR [15] [32]« GSEA 45 53 B G Jik IR 2 i
T & 4 MYBL2 A2 JATRE T ik MYBL2 FEiE1E#I £ TME B mTferE, DL vEmh i
ccRCC MG . 25, HiE T MYBL2 RiA5 iR igdn s A FIAE e, 250K 11 Mz
MYBL2 [RIEMSE. Bz, FRATHIE MYBL2 R LUE I 500 5 1 6 G 2 40 A PR3 0 7K PSR 7 g
(e

TEIXTRFFEH, AT T MYBL2 ik K HAE ccRCC HHITEEH . ccRCC ¥ MYBL2 FHE I
W, TEAR. GSEA UEM ccRCC H' MYBL2 HImRiA L 6 ME 5Bk R E M. thah, R MYBL2
FILME cCRCC ARITHHHIBEVER, BATHT 75 ccRCC 4l )R MYBL2 EiEM R 25Ukt . &5,
TATEH T MYBL2 ik /KA LAFEI TME ) 8 i 14 o

ANELEE G, FATHIOE A — Lo TR 2R AR RPE . B T HE AR, MYBL2 X 1 i Tl 4
JINAE TCGA ¥l =P 33 T U0IE, JF BT 2 1) B HdR LR RIE MYBL2 R 74, AT

DOI: 10.12677/acm.2025.1572185 1787 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1572185

T I AR N, X e A 7 Bl i 5 2 B AT B0 AL, 0 a0 S AL B SR o B . BbAh, FRATT
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