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[ Abstract |  Objective  To explore the expression of 3-hydroxymethylglutaryl-CoA synthase 2
(HMGCS2) and its correlation with the clinicopathological characteristics of patients with bladder cancer.
Methods The GEO database was used to screen genes that were significantly differentially expressed between
muscle invasive bladder cancer and non-muscle invasive bladder cancer. The survival analysis of the screened
public differentially expressed genes was performed by gene expression profiling interactive analysis ( GEPIA).

The Metascape database was used for the functional enrichment analysis of HMGCS2 and its related genes. The
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expression of HMGCS2 was detected with immunohistochemical staining in clinical samples from patients with
bladder cancer. Chi-square test was used to analyze the relationship between the expression of HMGCS2 and
the clinicopathological characteristics, and Cox regression analysis was adopted to verify the prognostic efficacy
of HMGCS2. Results The transcriptome data of the GEO database showed HMGCS2 had significantly lower
expression in muscle invasive bladder cancer compared with non-muscle invasive bladder cancer (7.42+2.5]1
vs 9.38+2. 78, P<0.05). The survival analysis of the GEPIA database showed that patients with high
expression of HMGCS2 had better prognosis (overall survival; HR=0.6, P=0.028; disease progression-free
survival ; HR=0.59, P=0.036) ; KEGG pathway analysis and GO functional enrichment analysis showed that
HMGCS2 might be involved in fat metabolism, cell apoptosis and platinum resistance, and exerted effect on
the signal transduction of the mTOR pathway. In addition, the Chi-square test showed the expression of
HMGCS2 was significantly related to the T stage (P<0.001), tissue grade (P=0.006), patients’ overall
survival status ( P<0.001) and patients’ disease-free survival status ( P<0.001) ; Univariate Cox regression
analysis showed that HMGCS2 was related to the patients’ overall survival rate and the disease progression-free
survival rate (OS: HR=0. 104, P<0. 001; DFS: HR =0. 155, P<0. 001) ; multivariate Cox regression
analysis indicated that HMGCS2 was an independent predictor of the prognostic risk of patients (OS: HR =
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0.181, P<0.001; DFS.: HR=0.312, P<0.001). Conclusion

HMGCS2 is lowly expressed in muscle

invasive bladder cancer, and its low expression is closely related to the poor prognosis of patients.
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JRUR: B 95% EAF X[H] P{E JRUR: E 95% H1F X [H] P{E

A 1. 486 0.891~2.478 0.129 - - -

PR 1.071 0.656~1.749 0.783 - - -

BMI 1.408 0. 849~2. 337 0. 185 - - -
T 448 7.889 4.592~13.552 <0.001 2.364 1.117~5. 002 0. 024
LA 5.959 3.481~10.200 <0. 001 2. 681 1.365~5.263 0. 004
HMGCS2 0. 155 0.092~0. 260 <0. 001 0.312 0.168~0. 577 <0. 001
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Gleason P43 i BH2E 2 N P fE AH O o 78 -4 i Jas 240
Zirh HMGCS2 1y 35 35 7K F- o B &8 R 9, AR /K F- 1Y
HMGCS2 ik 5 B3 m G i 4183 2443 GRIG PR 4339
W EAEOG, IF A G 3R] e-Myce/cyclin D1l EMT (115
S AL T AL AN Caspase R 198 T2 3845 4 (2 34 40
Jba s, AT RS 1 & AR Ak, HMGCS2 K35 F
PR B RIR T K N2 e TS R B — AN E R
DIZEM 0 DR, AT 4 0 E 2 8 19 HMGCS2 ] fig
2 2 15 e g v S JULZ 3R i I D g 1) LU i 10 e s e
e, SFEURE TR AR

A LU TR A ) I S P R B A v ) R
HFOFEIR A RE G . HMGCS2 S 4 7
BGIE A B — ol R S A, 5 5 40 v 40 4
Rt P HMGCS2 ik B AR, i A2 i 0, 4%
b R T IR A MR T A N e e R R T
Fiivged 56 7 RS 2 L ARBIRSE W, HMGCS2 % H:
FHOCTE AR T eV I i/F Z BRI i AR W2 i e,
FERR WL LUTE B | o R SR I p A AR I 1) 8
a5 BRI, FRATHEN HMGCS2 1T fi 58 18 5 1 i I 9 1)
A e AU I o 5 P s 11 2 o

LI B P B I Jie X £ 28 245 1 Ak 7 SR S 5

FH] HMGCS2 K HAH I HAE T RES 5 T Iy 40 iy
XA 25 W Ak 7 U RS IR . i ST G B 5T S
HMGCS?2 w]idk mTOR Gl g% 2 5 B AETEM AT Y
H R WANG 257 | % 31 HMGCS2 5 mTOR [
SRS 5 b MR oAk, DLAER R E
AN, Dot A ] 5 2 A0 o 97 45 HMGCS2 1) #ll i 2
S AEERAEF, #E A # mTORC J803% AR 4 it
hRAe IR R . R S R T
mTOR 5538 P& 1 05 25 3 BUMIE 40 M X 50281097 245
I AR R, FRATTHED HMGCS2 fEJLUZ R
TR e v AR 2R BTG T mTOR, 1 384 5% 1 Jib
Te LT ETI2E 25 R AT AN RS

AT B HMGCS2 nl RS 50 1k 48 2L bk
SR N IR TG PR () R4 o gl 1) e A K 28005 it
IO S B PR T A 5P, STEWINSKI 45
TEHE W B9 5390 R~ 2 DA B (] 5098 17%) 240 3 T R ¢ 3]
IR M2 I 2 R TR PN K AT 46 4 . XTONG 250 3
i X%t 5 FKBP AH5¢ [ IncRNA-mRNA & & (K17 4E )
52530, R X S8 52 5 IR AE Mg vh o 2 w8 8 0T
Z 5T AR ook b 2 R Y PN R Y R 4 R
)96 24 L i 30 3 R o~ IR R 75 P JOAC G ) 3% 41 1 240
LR TS L R R, R, IR AT AR R R Y
HMGCS2 ] BV 5 1 - e 22 B2 2 PA kit Xof 4 o 0 T 1)
TRIEVERT , AR 2 J e i 1 e .

S AR B HMGCS2 1 JJLJZ i3 T 1 9% D
H IRk , HARKOF 1) 28 35 R 35 5 T IOk A A8 3 v 1)
() T 43 A AR A3 Ak 1 Jir Jeg 2 29 % 8 3 1 B 7S A
X AT RE AT 22 B, HMGCS2 Al g5 5 i 2
LA R A, -5 8028 AT AN SRR LA R i 83 400 i oY
mTOR 3 J& (1 305 A 5% o

S Xk

(1] B, skiBge, BT, & o E R A0 B0 2
TSP [T]. ImEERERE, 2013, 11(1): 89-95. DOI.



2560

B =R RAEAAR,2021,43(23)

http ://aammt. tmmu. edu. cn

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

10. 3969/j. issn. 1672-1535.2013. 01. 021.

HAN S J, ZHANG S W, CHEN W Q, et al. Analysis of the
current status and epidemic trend of bladder cancer in China
[J]. Cancer Prog, 2013, 11(1); 89-95. DOI; 10. 3969/].
issn. 1672-1535.2013. 01. 021.

DEL GIUDICE F D, PECORARO M, VARGAS H A, et al.
Systematic review and meta-analysis of vesical imaging-
system ( VI-RADS )
reliability: an added value for muscle invasive bladder cancer
detection[ J ]. Cancers, 2020, 12 (10): 2994. DOI. 10.
3390/ cancers12102994.

HURLE R, CASALE P, LAZZERI M, et al. En bloc re-

resection of high-risk NMIBC after en bloc resection: results

reporting and data inter-observer

of a multicenter observational study[ J]. World J Urol, 2020,
38(3): 703-708. DOI:10. 1007/s00345-019-02805-8.
ATTA M A, KOTB A F, SHARAFELDEEN M, et al. The
value of extended good quality transurethral resection of
bladder tumour in the treatment of the newly diagnosed
bladder cancer[ J]. Arab J Urol, 2017, 15(1): 60-63.
DOI 10. 1016/j. aju. 2016. 10. 003.
LIU W, TIAN J H, ZHANG S, et al. The utilization status of
neoadjuvant chemotherapy in muscle-invasive bladder cancer:
a systematic review and meta-analysis [ J ]. Minerva Urol
Nephrol, 2021, 73(2): 144-153. DOI. 10. 23736/S0393-
2249.19. 03648-8.
KIM J T, LI C, WEISS H L, et al. Regulation of ketogenic
enzyme HMGCS, by wnt/B-catenin/PPARy pathway in
intestinal cells[ J]. Cells, 2019, 8(9). E1106. DOI: 10.
3390/ cells8091106.
GRABACKA M, PIERZCHALSKA M, DEAN M, e al.
Regulation of ketone body metabolism and the role of PPAR«
[J]. Int J Mol Sci, 2016, 17(12): E2093. DOI.10. 3390/
ijms17122093.
NEWMAN J C, VERDIN E. Ketone bodies as signaling
metabolites[ J |. Trends Endocrinol Metab, 2014, 25(1) ; 42—
52. DOI.10. 1016/j. tem. 2013. 09. 002.
GROMOV P, ESPINOZA J A, TALMAN M L, et al. FABP,
and HMGCS,
differentiation categorizing apocrine carcinoma of the breast
[J]. PLoS ONE, 2014, 9(11): el12024. DOI.10. 1371/
journal. pone. 0112024.
LEE Y E, HE H L, SHIUE Y L, et al. The prognostic
impact of lipid biosynthesis-associated markers, HSD17B2

are novel protein markers for apocrine

and HMGCS,, in rectal cancer treated with neoadjuvant
concurrent chemoradiotherapy[ J]. Tumour Biol, 2015, 36
(10) : 7675-7683. DOI.10. 1007/s13277-015-3503-2.

CAMARERO N, MASCARO C, MAYORDOMO C, et al.
Ketogenic HMGCS, is a c-Myc target gene expressed in

differentiated cells of human colonic epithelium and down-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

regulated in colon cancer[J]. Mol Cancer Res, 2006, 4
(9): 645-653. DOI:10. 1158/1541-7786. mcr-05-0267.
SARAON P, CRETU D, MUSRAP N, et al. Quantitative
proteomics reveals that enzymes of the ketogenic pathway are
associated with prostate cancer progression [ J]. Mol Cell
Proteomics, 2013, 12(6): 1589-1601. DOI. 10. 1074/
mcep. M112. 023887.

TANG H, WU Y, QIN Y, et al. Predictive significance of
HMGCS, for prognosis in resected Chinese esophageal
squamous cell carcinoma patients[ J]. Onco Targets Ther,
2017, 10: 2553-2560. DOI:10.2147/ott. s132543.

SU S G, YANG M, ZHANG M F, et al. miR-107-mediated
decrease of HMGCS, indicates poor outcomes and promotes
cell migration in hepatocellular carcinoma [ J]. Int J
Biochem Cell Biol, 2017, 91 (Pt A): 53-59. DOI. 10.
1016/]. biocel. 2017. 08. 016.

TANG Z, LI C, KANG B, et al. GEPIA; a web server for
cancer and normal gene expression profiling and interactive
analyses[ J]. Nucleic Acids Res, 2017, 45(wl): W98-
W102. DOI:10. 1093/nar/ gkx247.

CHANDRASHEKAR D S, BASHEL B, BALASUBRA-
MANYA S A H, et al. UALCAN; a portal for facilitating
tumor subgroup gene expression and survival analyses[ ] ].
Neoplasia, 2017, 19(8) : 649-658. DOI: 10. 1016/]. neo.
2017. 05. 002.

ZHOU Y Y, ZHOU B, PACHE L, et al. Metascape
provides a biologist-oriented resource for the analysis of
systems-level datasets [ J]. Nat Commun, 2019, 10(1):
1523. DOI:10. 1038/s41467-019-09234-6.

RO, VRN, BEEE, . Adnp 155 DE IR 1 B2 4R
R R BHG R SCLT T v B g AR W0 iR 97 R
2019, 26(11): 1214-1221. DOI. 10. 3872/j. issn. 1007-
385x. 2019. 11. 006.

ZHU S, XU Z Z, XUE L, et al. Expression of Adnp in
bladder urothelial carcinoma and its clinical significance[ ] ].
Chin J Cancer Biother, 2019, 26 (11). 1214-1221. DOI;
10. 3872/j. issn. 1007-385x. 2019. 11. 006.

AREL, AR, XUME, A% B RE RS 2 DIBR AR S AR T 4
IEDTBR ARG ST S R JUL)Z 952 10 1 A5 e 14 i R 23 BT [
=R, 2018, 40(2): 169-175. DOI: 10.
16016/j. 1000-5404. 201708212.

YU K, DAI L, LIU S, et al. Clinical analysis of partial
cystectomy and radical total cystectomy in the treatment of
localized myometrial invasive bladder cancer[J]. J Third
Mil Med Univ, 2018, 40(2) . 169-175. DOI. 10. 16016/
j. 1000-5404. 201708212.

A, BRLEAR. WUZ BRI P eI 1 73 170 BUBIE 5 F %
[J]. iefmaar ek, 2017, 46(6) . 439-442. DOI.
10. 3760/ c¢ma. j. issn. 0529-5807. 2017. 06. 022.



http ://aammt. tmmu. edu. cn

B BRI, 2021,43(23)

2561

[21]

[24]

[26]

[27]

(28]

WANG M, TENG X D. Research progress in molecular
classification of muscular invasive bladder cancer[ J]. Chin
J Pathol, 2017, 46(6) : 439-442. DOI. 10. 3760/ cma. j.
issn. 0529-5807. 2017. 06. 022.

WANG Y H, LIU C L, CHIU W C, et al. HMGCS,
mediates ketone production and regulates the proliferation
and metastasis of hepatocellular carcinoma [ J]. Cancers,
2019, 11(12) . 1876. DOI.10. 3390/ cancers11121876.
PAVLOVA N N, THOMPSON C B. The emerging hallmarks
of cancer metabolism[ J]. Cell Metab, 2016, 23(1) . 27—
47. DOI.10. 1016/j. cmet. 2015. 12. 006.
GRABACKA M M, WILK A, ANTONCZYK A,

Fenofibrate induces ketone body production in melanoma and

et al.
glioblastoma cells [ J ]. Front Endocrinol ( Lausanne ),
2016, 7: 5. DOI:10. 3389/fendo. 2016. 00005.
PUCHALSKA P, CRAWFORD P A. Multi-dimensional
roles of ketone bodies in fuel metabolism, signaling, and
therapeutics[ J]. Cell Metab, 2017, 25(2): 262-284.
DOI;10. 1016/j. cmet. 2016. 12. 022.

Fxh, BrgEdE, whAK. JUZRIEVE RS eI RS 5T Al B
IF BERERTTELT]. B BRI PR, 2020, 47(22) . 1168-
1170. DOT; 10. 3969/j. issn. 1000-8179. 22. 706.

WANG K, DUAN X X, YAO X. Advances in precision
neoadjuvant chemotherapy for muscular invasive bladder
cancer[ J]. Chin J Clin Oncol, 2020, 47 (22);: 1168 -
1170. DOT; 10.3969/j. issn. 1000-8179. 22. 706.

HU L T, ZHU B L, LAL Y J, et al. HMGCS, promotes
autophagic degradation of the amyloid-B precursor protein
through ketone body-mediated mechanisms [ J ]. Biochem
Biophys Res Commun, 2017, 486(2) : 492-498. DOI; 10.
1016/j. bbre. 2017. 03. 069.

WANG Q D, ZHOU Y N, RYCHAHOU P, et al.
Ketogenesis contributes to intestinal cell differentiation[ J].
Cell Death Differ, 2017, 24(3) : 458-468. DOI.10. 1038/
cdd. 2016. 142.

PLA-MARTIN D, SCHATTON D, WIEDERSTEIN J L,
et al. CLUH granules coordinate translation of mitochondrial

proteins with mTORCI signaling and mitophagy[J]. EMBO

[29]

[30]

[31]

[32]

[33]

[34]

J, 2020, 39 (9): el02731. DOI. 10. 15252/emb;.
2019102731.
BAIZE N, MONNET 1, GREILLIER L, et al. Second-line

treatments of small-cell lung cancers [ J]. Expert Rev
Anticancer Ther, 2017, 17(11): 1033-1043. DOI. 10.
1080/14737140. 2017. 1372198.

KUMAR S, KUMAR A, SHAH P P, et al.

signature of Cis-platin resistant wvs.

MicroRNA
Cis-platin  sensitive
ovarian cancer cell lines[ J]. J Ovarian Res, 2011, 4(1):
17. DOI:10. 1186/1757-2215-4-17.

RV, DA, AL, A Nprl2 S5 A R Ik A B
FEOE BAR SR SR8 e e A0 M R TS [T ] 5 =%
B 2m2a 4]k, 2021, 43(5) . 432-437. DOI. 10. 16016/j.
1000-5404. 202009233.

ZHU X, LUO S J, JIANG L, et al. Correlation of Nprl2
with clinicopathological characteristics of bladder cancer
patients and its effect on bladder cancer cell apoptosis[ J]. J
Third Mil Med Univ, 2021, 43(5): 432- 437. DOI. 10.
16016/j. 1000-5404. 202009233.

BAPH, B, 7S, IneRNA HULC 72 B B 4124 b i1
FIk SRS 5637 AfEENEA W) AT Ry sZm [T ],
MR A iR Y 2Rk, 2021, 28( 1) : 60—-66. Doi: 10. 3872/
j. issn. 1007-385x. 2021. 01. 010.

ZHAO Y, GE L, SHAN Z J. The expression of IncRNA
HULC in bladder cancer and its effect on the malignant
biological behavior of 5637 cells[ J]. Chin J Cancer Biother,
2021, 28(1): 60-66 . DOI. 10.3872/j. issn. 1007-385x.
2021.01. 010.

SIEWINSKI M, SALEH Y, POPIELA A, et al. Expression
of high molecular weight cysteine proteinase inhibitor in
ovarian cancer tissues: regulation of cathepsin B expression
by placental CPI[J]. Biol Chem, 2003, 384(7).: 1103-
1107. DOI:10. 1515/be. 2003. 123.
XIONG H C, CHEN Z H, CHEN W ], et al. FKBP-related
ncRNA-mRNA axis in breast cancer[J]. Genomics, 2020,
112(6) ; 4595-4607. DOI.10. 1016/]. ygeno. 2020. 08. 017.
(Y78 :2021-06-06; & [H] :2021-09-19)
(%% ZHt)





