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[(FEZE] B8 - FIHAEYE B =M e HE 2R M BRI (lung squamous cell carcinoma, LUSC) ZHZUp#Fnt
FLF M ILAEBEER 5 i (geranylgeranyl diphosphate synthase 1, GGPS1) ik K HIGIKZ X, 77k - B M UCSC Xena
V-5 R LUSC 45 O IE 5 48U 5 S A 5, 1 R & BEA TSR AL Rl 22 5 3Rk 400, 91 UALCAN iR P2
HEATIAE ; SR UALCAN H LinkedOmics ¥4 )5 43 BT LUSC 3% GGPST 33k 5 I RS FURRE 56 2 3 #1JT] Kaplan-Meier
Plotter % % 4 ¥R 5% LUSC H % GGPSI 3K % )5 B9 5200 o 187 FH 5 /)N 466 %) U 4 A #8355 T (least absolute shrinkage and
selection operator, LASSO) [RII= /A7 i i 5 PR A 5 R B S KB PE 43 o 38 120 B1) 28 [ AR TE R R PE GGPST X LUSC 12 Wi i
. >R STRING. GeneMANIA ¥ A4 i GGPS1 25 F B A BAF ] (protein-protein interaction, PPI) W%, iR
Pk 5 GGPSI Ml & 22 3L K, JE 4T I A MK IE (Gene Ontology, GO) Fl 5T #B %L K M 3t [N 44 A Bl 4 45 (Kyoto
Encyclopedia of Genes and Genomes, KEGG) &40, R LUl K00 LUSC [i# GGPS1 £k 1H L, FForbr i
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715, UCSC Xena, UALCAN #(4#/# Hh GGPSI 78 LUSC [ 2235 & T 574141 (3 P<0.05) ., UALCAN #1 LinkedOmics 54
Wi R I GGPSTTEFE R4 e F 2 rp 1 6% K -9 55, L Kaplan-Meier Plotter $045 4 i /s LUSC #% GGPSI 335 Mk
173 (overall survival, OS) %% (P<0.05). F&T LASSO [AlJT -l LUSC & A 5y i RS TN AL Ak . M3 LUSC B /Y
A AL TR TR LA SR AR TR AERR B . GO KEGG 45 B ik, GGPSI AL =% 5 7R (B ACH . V81705 g JoT R I i e
Wt W TR . BENSEEVLEL 3 B (phosphatidylinositol3-kinase, PI3K) /&[4 B (protein kinase B, AKT) /HZL
) TE R ZMEM (mammalian target of rapamycin, mTOR) . 1 Ak ¥y B (A48 58 W1 35005 52 7K (peroxisome proliferator-
activated receptors, PPAR) {55 M54 . GGPSIMACHI e v REALIE I & Az . Sy Ak 45 388 /8 GGPS1 2 E A F
MR F, HLUSCAHL hIkE THH44 (P<0.05), GGPS1E#ikS LUSC B M I/ . Ik E 45555 F TNM 43-10]
AHXK (¥ P<0.05), H GGPSIZKikmmEHE OS U A TINRILAH (P=0.000). £ HE Cox HIH4 #7142/~ GGPS1 AI/EN
LUSC e MR N2 . 458 - M FIER g1, GGPS1 £ LUSC H kil @& T, JUHAE MR AR K | kB 455458
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Expression and clinical significance of geranylgeranyl diphosphate synthasel (GGPS1)

in lung squamous cell carcinoma

WANG Xin'#*, WANG Xiaoxia®, LI Yanging'?, ZHENG Yongxin'?, WU Jie**, REN Meng?, JIA Xiangdong? XU Tianxiang®
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Tumor Surgery, Inner Mongolia People's Hospital, Hohhot 010017, China; 3. Critical Care Medicine, Inner Mongolia People's Hospital,
Hohhot 010017, China; 4. Graduate School of Inner Mongolia Medical University, Hohhot 010000, China

[Abstract] Objective-To investigate the expression and clinical significance of geranylgeranyl diphosphate synthasel (GGPS1) in
lung squamous cell carcinoma (LUSC) by bioinformatics and immunohistochemistry. Methods - Firstly, the transcriptome data of
LUSC tissues and paired normal tissues were downloaded from UCSC Xena platform. The data were standardized and differentially
expressed by R language, and verified by UALCAN database. UALCAN and LinkedOmics databases were used to analyze the
relationship between GGPSI expression and clinicopathological features in LUSC patients. The Kaplan-Meier Plotter database was
used to explore the effect of GGPS!I expression on prognosis in LUSC patients. The least absolute shrinkage and selection operator
(LASSO) regression analyses were applied to screen gene correlation coefficients and risk scores. The diagnostic value of GGPS! for
LUSC was evaluated by nomogram and calibration curve. The protein-protein interaction (PPI) network of GGPS1 was constructed
by using STRING and GeneMANIA databases. R language was used to select the differential genes related to GGPSI, and Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis were performed. The expression of
GGPS1 in LUSC patients was detected by immunohistochemistry, and its correlation with clinicopathological features and prognosis
was analyzed. Results- Through the TIMER2.0 database, it was found that GGPS! expression was increased in most tumors and was
highly expressed in LUSC. The expression of GGPSI in LUSC was higher than that in adjacent tissues in UCSC Xena and UALCAN
databases (both P<0.05). It was found that the expression level of GGPSI was higher in patients with late stage in UALCAN and
LinkedOmics databases, and the overall survival (OS) of LUSC patients with high expression of GGPSI was shorter (P<0.05) in the
Kaplan-Meier Plotter database. Assessment of LUSC patients based on LASSO regression had good risk prediction efficacy.
Constructing an individualised prediction model for LUSC patients has the best prediction accuracy. The results of GO and KEGG
showed that GGPS1-related genes were mainly related to protein metabolism, regulation of lipid and cholesterol metabolism, nicotine
addiction, phosphatidylinositol3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR), peroxisome
proliferator-activated receptors (PPAR) signaling pathway and so on. The metabolic function of GGPS/ may promote tumorigenesis.
The results of immunohistochemistry showed that GGPS1 was mainly located in the cytoplasm, and the expression of GGPSI in
LUSC tissues was higher than that in adjacent tissues (P<0.05). The high expression of GGPS1 was related to tumor size, lymph node
metastasis and TNM stage of LUSC patients (all £<0.05), and the OS of patients with high expression of GGPS1 was significantly
shorter than that of patients with low expression (P=0.000). Multivariate Cox regression analysis suggested that GGPS 1 could be
used as an independent prognostic factor for LUSC. Conclusion:Compared with normal lung tissue, the expression of GGPSI in
LUSC is significantly increased, especially in patients with large tumor volume, positive lymph node metastasis and advanced stage.
GGPS1 overexpression is an independent predictor of poor prognosis in LUSC patients. GGPS1 is expected to become a new
molecular target for the diagnosis, treatment and prevention of LUSC.

[Key words] geranylgeranyl diphosphate synthase 1 (GGPS1); lung squamous cell carcinoma (LUSC); bioinformatics;
immunohistochemistry; clinical significance
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Note: ACC—adrenocortical carcinoma; BLCA—bladder urothelial carcinoma; BRCA—breast invasive carcinoma; CESC—cervical squamous cell carcinoma
and endocervical adenocarcinoma; CHOL-—cholangiocarcinoma; COAD—colon adenocarcinoma; DLBC—diffuse large B cell lymphoma; ESCA—
esophageal carcinoma; GBM—glioblastoma multiforme; HNSC—head and neck squamous cell carcinoma; KICH—kidney chromophobe; KIRC—kidney

renal clear cell carcinoma; KIRP—kidney renal papillary cell carcinoma; LAML—acute myeloid leukemia; LGG—brain lower grade glioma; LIHC—Tliver

hepatocellular carcinoma; LUAD—Ilung adenocarcinoma; LUSC—Ilung squamous cell carcinoma; OV—ovarian serous cystadenocarcinoma; PAAD—

pancreatic adenocarcinoma; PCPG—pheochromocytoma and paraganglioma; PRAD—prostate adenocarcinoma; READ—rectum adenocarcinoma; SARC—

sarcoma; SKCM—skin cutaneous melanoma; STAD—stomach adenocarcinoma; THCA—thyroid carcinoma; THYM—thymoma; UCEC—uterine corpus

endometrial carcinoma; UCS—uterine carcinosarcoma. Blue represents normal tissue and red represents tumor tissue. **P<0.01, ***P<0.001.
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Fig1 The expression of GGPS! in pan-carcinoma
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Note: A. GGPSI expression in the tumors and normal tissues. B. GGPSI expression in the 49 pairs of tumors and normal tissues. C. The expression of GGPS!

in LUSC in UALCAN database. “P=0.000, 2P=0.003.
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Fig 2 Differential expression of GGPSI in the LUSC and paracancerous normal tissues in the UCSC Xena and UALCAN databases
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Note: A. Comparison of GGPSI expression between different stages of patients. B. Comparison of GGPS! expression between different N stages of patients.

Dp=0.000, 2P=0.001, ®P=0.027.
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Fig 3 Relationship between GGPSI expression and clinicopathological characteristics of LUSC patients in UALCAN database
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1E Kaplan-Meier Plotter 5% 2 H P-4y LUSC B
GGPSI FIRMWG I RFR, 4R E/R: GGPSIHFRik
H5W2R0S BEMAK (HR=1.29, 95%CI 1.06~1.56,
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/RLUSCHEETG AR Y GGPSI1 H3RiAH K.
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Note: A. Expression level of GGPS]! of different ages. B. Expression level of GGPSI in different tumor purity. C. Expression level of GGPS] in different pathological
grades. D. Expression level of GGPS] in different T stages. E. Expression level of GGPS]I in different N stages. F. Expression level of GGPSI in different M stages.
El4 LinkedOmics 8#EEH GGPSI1 Rk 5 LUSC BFIGRFEIFHER X R

Fig 4 Relationship between GGPS1 expression and clinicopathological characteristics of LUSC patients in LinkedOmics database
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Note: A. Relationship between GGPS! expression and overall survival. B. Relationship between GGPS! expression and post progression survival.

5 Kaplan-Meier Plotter #{#EEH GGPS1RiES LUSC EETEHX R

Fig 5 Relationship between GGPS! expression and prognosis of LUSC patients in Kaplan-Meier Plotter database
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Note: A. Screening of candidate genes by LASSO-COX analysis. B. Relationship between risk score and overall survival. C. Effect of risk scores on survival
outcomes. D. A nomogram for assessing the survival probability of 1-,2-, 3-,5- and 10-year for LUSC. E. Calibration curve of the prognostic risk model.
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Fig 6 LASSO regression analyses and establishment of nomogram for LUSC patients
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Note: A/B. PPI network analysis of STRING database (A) and GeneMANIA database (B). C/D. Bubble plot of GO enrichment analysis (C) and KEGG
enrichment analysis (D). MVD-—mevalonate diphosphate decarboxylase; DHDDS—dehydrodolichyl diphosphate synthase subunit; PDSS1—decaprenyl
diphosphate dynthase subunit 1; FNTA—farnesyltransferase, CAAX box, a; FNTB—farnesyltransferase, CAAX box, B; MVK—mevalonate kinase; PARS2—
prolyl-TRNA synthetase 2, mitochondrial; SNRPE—small nuclear ribonucleoprotein polypeptide E; OMAI—OMAI zinc metallopeptidase; HMBS—
hydroxymethylbilane synthase; ZMPSTE24—zinc metallopeptidase STE24; GCH1—GTP cyclohydrolase 1; NFYA—nuclear transcription factor Y subunit o;
NFYB—nuclear transcription factor Y subunit B; NFYC—nuclear transcription factor Y subunit y; SP1—Spl transcription factor; NDUFAF6—NADH:
ubiquinone oxidoreductase complex assembly factor 6; KCTDS5—potassium channel tetramerization domain containing 5; TUSC1—tumor suppressor candidate 1.
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Fig7 PPI network and GO and KEGG analysis of GGPS1
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2.2 LUSCH414 GGPS1 Sz dl 8k 7 5 br

2.2.1 LUSCEERLTR HEAA 04| LUSC &
., Ho D san, wefl; Fil36~78% [ (63.92+
8.73) %], <64 B H 49K, >64 %5 416; AWK
A1, TCMAR s 49 AR T AN 40, A
i 50615 A K/N<3.0 cm 26 f], >3.0 cm 3 64
i, WRELSEER 440, AT HEB 4661 1~1
W47, M~IVH43641),

2.2.2 LUSCHZI"H GGPS1 fRILIFH  BEHLUSC
BE WAL RRAT T REAb Y, 2SRRI (E38),
GGPS1 FE & i F LUSC M4 5 . 90 6] LUSC 41
LU 48 I R Ik, BIMEFR 53.3%, HAELUSCc4l
U R R TR AL (2990 (322%), P=
0.004, #1],

Note: A/B. High expression (A) and low expression (B) of GGPSI in cancer tissues. C/D. High expression (A) and low expression (B) of GGPS1 in adjacent
tissues.

8 LUSCR¥Es=H4 GGPS1 = AW 8 (x200)
Fig 8 Immunohistochemical staining of GGPS1 in LUSC and adjacent tissues (x200)

#1 GGPSIZEFLUSCARASEFEEMARRILER £2 GGPS1FRIEKTEL LUSC I FRAxIEEE R L
Tab 1 Differential expression of GGPSI in LUSC and adjacent Tab 2

normal lung tissues

Correlation between GGPSI1 expression level and

clinicopathological characteristics of LUSC

Expression LUSC (n=90)  Normal (n=90) Ve P value GGPS1/n(%)
o Characteristi Total/ ) 7 P
GGPS1/n(%) 8.193 0.004 aracteristic " Low. H1gh. value  value
LR 42 (46.7) 61 (67.8) expression expression
High 48 (53.3) 29 (32.2) Gender 1213 0271
Male 84 41 (48.8) 43(51.2)
2.2.3 GGPSI1 % ik 5 LUSC Il FR 95 B R AE 19 ¢ & Female 6 1(167)  5(83.3)

GGPS1 # ik 5 LUSC B9 il jg K /h . kB 45 % % I Age 0.003 0.955

TNM -8 (3 P<0.05) FEG, S MH . 4R . W) <64 years old 49 23(46.9) 26 (53.1)
s MR AL ETICE (35 P>0.05), $£78 GGPSI ] fig >64 years old 41 19(463) 22(53.7)
725 LUSC EI(JZ{EE 7/{%:@7& (%:32% History of smoking 2.691 0.101
224 GGPSI E£XELUSCAEEMWMEM R FiS Ne 4 BEeD) 18139
Yes 49 19(38.8) 30(61.2)

54F, 90 LUSC # & h 39 46T, 43#r LUSC %
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Continued Tab 1.0
GGPS1/n(%)
S Total/ ' 7 P
aracteristie n Low High value value 2 0.8
expression expression ;;
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Z
Right 50  21(42.0) 29 (58.0) 2 04t
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<3 em 26 19(73.1)  7(26.9) 02 . . . ,
>3 cm 64 23(35.9) 41 (64.1) 0 20 40 60 80
t/month
Lymph node metastasis 7.626 0.006 . .
N 46 280609) 18301 El9 GGPS1AEREAFLUSCEE OS HEFHL
¢ (60.9) (39.1) Fig 9 Survival curves of OS in LUSC patients with different
Yes 44 14018 30(682) GGPS|1 expression levels
TNM stage 8.935 0.003
[~T 47 29(617) 18(38.3) B B0 LUSC B8 OS $2 1 19 Cox [01 13 43 #fr 45 5 4n
-1y 813602 3068 23 E0FR. REFEAIRR, WIS MR

GGPS1 FKikKF- 55 A, Kaplan-Meier 73 Hr
ZEANK 9 it , GGPS1 2 11 FH 2635 LUSC 2 %
SAEAEAE (37.5%, 18/48) {%F GGPS1 & HFIMER
kBE (78.6%, 33/42), HERHAGSIT¥E X
(=14.779, P=0.000).

2.2.5 LUSC & A5 K 2 50 #r

®3 ®MLUSC &E OS ) Cox M3 A
Tab 3 Cox regression model affecting OS of LUSC patients

I AR

Univariate analysis

/N TNM 2 iR EL S5 5% 75 F1 GGPS1 435 5 LUSC
BFMOSHIK, ZHE Cox [AIH/MTAS S /s A
(HR=2.045, 95% CI 1.024~4.086, P=0.043). k45
¥ (HR=4.039, 95% CI 1.257~12.983, P=0.019)
M GGPS1 ik (HR=2.867, 95% CI1.316~6.242, P=
0.008) J&LUSC /i35 OS By fafsr K & o

Multivariate analysis

Variable
HR 95%CI P value HR 95%CI P value
Gender 0.652 0.232-1.837 0.419
Age 0.631 0.336-1.185 0.152
History of smoking 2.054 1.054-4.003 0.034 2.045 1.024-4.086 0.043
Tumor location 0.878 0.468-1.648 0.686
Tumor size 2.751 1.151-6.574 0.023 1.621 0.639-4.114 0.309
Lymph node metastasis 3.116 1.577-6.157 0.001 4.039 1.257-12.983 0.019
TNM stage 2.399 1.246-4.619 0.009 0.473 0.147-1.523 0.210
GGPSI1 expression 3.872 1.834-8.176 0.000 2.867 1.316-6.242 0.008
B
. o
Characteristics HR (95% CI) P value Characteristics HR (95% CI) P value
Gender 0.652(0.232-1.837) K:—i 0.419 |
Age 0.631(0.336-1.185) 1 0.152 History of smoking 2.045(1.024-4.086) e 0.043
° : : I . 1
. . 1 1
History of smoking 2.054(1.054-4.003) Ip—o—i 0.034 Tumor size 1.621(0.639-4.114) : 0.309
Tumor location 0.878(0.468—1.648) ta— 0.686 1
1

Lymph node metastasis 4.039(1.257-12.983) :|—0—| 0.019
1

Tumor size 2.751(1.151-6.574) :|—0—| 0.023
Lymph node metastasis 3.116(1.577-6.157) :|—0—| 0.001 TNM stage 0_473(0114771‘523)#' 0.210
1 1
TNM stage 2.399(1.246-4.619) j—o—— 0.009 1
GGPS expression  3.872(1.834-8.176) 1 0,000 GGPS1 expression 2.867(1.316-6.242) 'e—i 0.008
T34 6% 5T ho

Note: A. Univariate Cox regression analysis tree diagram. B. Multivariate Cox regression analysis tree diagram. HR>1 indicates disadvantageous factors.

10 Cox [EADHFRMKE

Fig 10 Forest plot of Cox regression analysis
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