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Overexpression of parathyroid hormone-like hormone facilitates hepatocellular

carcinoma progression and correlates with adverse outcomes
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Abstract: Objective To investigate the expression of parathyroid hormone-like hormone (PTHLH) in hepatocellular carcinoma
(HCC) and analyze its correlation with clinical prognosis, its regulatory effects on HCC cell behaviors, and the signaling
pathways mediating its effects. Methods We analyzed the differential expression of PTHLH in HCC and adjacent tissues and
its association with patient prognosis based on data from TCGA and GEO databases and from 70 HCC patients treated in our
hospital. The effects of PTHLH knockdown and overexpression on proliferation, migration, and invasion of cultured HCC cells
were investigated using CCK-8 assay, colony formation assay, Transwell migration and invasion assays, and the signaling
pathways activated by PTHLH were detected using Western blotting. Results TCGA and GEO database analysis showed
significant overexpression of PTHLH mRNA in HCC tissues, which was associated with poor prognosis of the patients (P<
0.05). High PTHLH mRNA expression was a probable independent prognostic risk factor for HCC (P<0.05). In the clinical
samples, PTHLH mRNA and protein expressions were significantly higher in HCC tissues than in the adjacent tissues (P<0.001
or 0.01). Univariate and multivariate Cox regression analyses suggested that high PTHLH mRNA expression was an
independent risk factor to affect postoperative disease-free survival of HCC patients (P<0.05). The prognostic prediction model
based on PTHLH mRNA expression showed an improved accuracy for predicting the risk of postoperative recurrence in HCC
patients. In cultured HCC cells, PTHLH overexpression
significantly =~ promoted cell proliferation, colony
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1.2 RNA R B 58 3¢ &2 & PCR(qRT-PCR)

K H Trizol 1457 (Invitrogen ) N HCC 41 ffd A2 IIfe IR
LA H 32 BUE RNA, i ] Nanodrop 2000 435
36 B3+ (Thermo Fisher Scientific) £ 1M RNA ¢ J&F F1 4k
B (A, /Ao B . ¢cDNA 4B ] HiSeript IT Q RT

SuperMix for qPCRIzHI & (HMERE) . qRT-PCR [V AE
LightCycler 480 11 5Z i 24 ¢ 7€ f PCR % %t (Roche) I
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HIXFF k& . ff A qRT-PCR 5| ¥ )5 51 ¥ i Tsingke
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Tab.1 Primer sequences for qRT-PCR

Gene name Primer direction Primer sequence (5'—3")

B-actin Forward TGGCACCCAGCACAATGAA
Reverse CTAAGTCATAGTCCGCCTAGAAGCA
18S rRNA Forward GTAACCCGTTGAACCCCATT
Reverse CCATCCAATCGGTAGTAGCG
PTHLH Forward ATTTACGGCGACGATTCTTCC

Reverse GCTTGGAGTTAGGGGACACC

1.3 Western blotting 547

WCAE AR B ZH ZUREAS ol 5 A T R Rt
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B, 1200 B TE4 CIFE R KH B 3% 144
A B R 238 TR AL 15 min LA SELORT P I Ak
T . SR EE R R MR B - E AR &)
(SABC)#: (ZSGB-BIO) #17 [ [ 3 5 , DAB I {1, , 45
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1.5.4 siRNA /7] siPTHLH-1: 5-CUAACAAGGU
GGAGACGUATT-3', 5'-UACGUCUCCACCUUGUU
AGTT-3'; siPTHLH-2: 5-GAUGAGGGCAGAUACC
UAATT-3',5-UUAGGUAUCUGCCCUCAUCTT-3',
1.5.5 PTHLH (NM_198965) it % iX /i 4 # & 7|
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GCCTCAAAAGAGCTGTGTCTGAACATCAGCTCC
TCCATGACAAGGGGAAGTCCATCCAAGATTTAC
GGCGACGATTCTTCCTTCACCATCTGATCGCAG
AAATCCACACAGCTGAAATCAGAGCTACCTCGG
AGGTGTCCCCTAACTCCAAGCCCTCTCCCAACA
CAAAGAACCACCCCGTCCGATTTGGGTCTGATG
ATGAGGGCAGATACCTAACTCAGGAAACTAACA
AGGTGGAGACGTACAAAGAGCAGCCGCTCAAG
ACACCTGGGAAGAAAAAGAAAGGCAAGCCCG
GGAAACGCAAGGAGCAGGAAAAGAAAAAACG
GCGAACTCGCTCTGCCTGGTTAGACTCTGGAGT
GACTGGGAGTGGGCTAGAAGGGGACCACCTGT
CTGACACCTCCACAACGTCGCTGGAGCTCGATT
CACGGAGGCAT,
1.6 403 st
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GSE14520 J2& NS AR , AAWF5E R FH GSE14520 5
UF PTHLH #E HCC 2141 5 1E # 41 210 323k 22 573 KXl
Je BRI

R AU FH R AR 4.4.0 SEPE . 504 00 4 2 4 1]
Perl ZFEiE & (A 10.0.22621.3155) , {# FHEY R AL
TR (FR2),

R2 SHHERNRE
Tab.2 R packages used in the analysis

R package name Description and Function

survival Used for survival analysis

survminer Used for drawing survival curves

ggplot2 Used for drawing graphs or data graphics
pheatmap Used for drawing heatmaps

limma Used for difference analysis between groups
ggpubr Extension of the ggplot2 package
dplyr Simplify data processing

stringr String manipulation package
forestplot Draw forest plots

reshape Functions for changing array shapes
data.table Extended R's data frame objects

1.10 it Z o7

I PRAEAS S I 19 53 2 < FE AT RAEAS 1 A= 7753
BT R S Z R Cox Z3 BT, ASBIFE B3 70 141l g
YRR (T 54120 i RNA 47 QRT-PCR KGN,
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H O I FHEL AR 53 PTHLH (5 ik 4 (Feik i
>80 M PTHLH IR A ZH Rk <P 7850

T A7 S g B s Y ar FE A2 & D 3R, il IBM
SPSS Statistics 20.0 fil GraphPad Prism 5 #1451 T
IWT. HEAE PR Kaplan-Meier s, LA R A2 A K
53HT R FH Cox ELAF JRUSS: [l AR , - Cox [ H 404 4
SR TN TS AFNZ IR o T SR S0 A NS
55, P<0.05 A ZE R BA SR L

2 R
2.1 £ TCGA % % ¥ ,PTHLH £ HCC 4042 ¥ & & ik
BEEEFERRATE

HCC 441 PTHLH mRNA 357K - i 3% 2 T
X 9 55 40 41 (P<0.0001, 8] 1A) . Kaplan-Meier 4= /%
S3Hr i R ,PTHLH mRNA = 223540 B 1 JCI A A7
(DFS) & Ik TL 2241 (P=0.015, & 1B) . [FIHF,
PTHLH mRNA /&2 k41 5 1 B A A1 (0S) th i 3%
R TFRFEALL(P=0.0066, 1 1C).

P 2 Cox [B1H 201 Bk, T 4331 (P<0.001) |
BCLC 431} (P<0.001) . A1 PTHLH mRNA % ik 7K
(P=0.040) 5l RFUG A, i — 2 Z 2 Cox M4
43Hr W], PTHLH mRNA & #A 0] fE A HCC
s AT faks P (P=0.032, K 1D \E).

2.2 J£GEO % ¥ &+ ,PTHLH £ HCC 4142 v & & ik H.
5EFTERRARR

£ GSE14520 %% 4% 4 1, HCC 41 21 iy PTHLH
mRNA 87K 5 35 5 F X 99 25 4141 (P=0.026,
1 2A) . Kaplan-Meier £ f743#7 i 7~ , PTHLH mRNA
i FeIA 4 B DFS A0S i E Ik Tk FIA 4 (P=0.019,
P=0.0018,E2B.C).

AP ZE Cox [BIIH/HT R, M5 (P=0.022) Jifig K
/IN(P=0.029) .BCLC 4341 (P<0.001) 1 PTHLH mRNA
FRAKF(P=0.007) SIG RIS AHOC, P2 HE
Cox [JH43 4728 , PTHLH mRNA 5335 7] fE 254
HCC B G RIS G 2 (P<0.001, 812D B ).

2.3 WA AT PTHLHAHCCAR P H ALY
BEIUSE RRARE

qRT-PCR Z5 0 7K, 84.3% Y HCC 44 Ff PTHLH
mRNA FR 7K F ROV 554141 (P<0.001, €1 3A
B). LB Hr i R, 78 20 XF HCC AU i
XS A, PTHLH 2 FH7E HCC ZHZ P 3R IAKF-
= TR 57 4H 21 (P<0.01) , H 2@ T4,
4 it A/ 5 S5t R A I #1) — 22 %238, 4878 PTHLH #£
HCC At aT fgid ) 55 0 W RV EHI(KI3D) . K&
T 70 HCC & & (Wl R B 5 %4 , LA PTHLH mRNA
FEIRIK 1 A £ 53 J2 11 Kaplan-Meier 242 753 Hr i
7N, PTHLH /& #3541 i 4 1) DFS B I8 TR %541
(P=0.002,K3C).

PTHLH mRNA 5 %35 (P=0.004) . AFP>400 pg/L
(P=0.039) R K/N(P=0.012) F/L AL (P=0.003)
HHCC B# M DFS X, i —PZ P E Cox 0114
43 Mr 2B, PTHLH mRNA 5 % ik (P=0.048) . AFP>
400 pg/L(P=0.017) F153 AL FEEE (P=0.002) A HE 25
HCC fBH TG kT fE R (K1 4A B).

BT ZHE COX MIASHTE S fER R &R A
I A T 0 DFS M5 951 26 [/ (| 4C) . i
ROC MZIPAl , i 2 EIZE SN 14F 2 4EF13 - DFS 1Y
M2k T AL (AUC) 254 0.739.0.761 F10.846 , HoFitil
Rhe 3k T4 55 19 BCLC 43 W £ 48 19 0.580.0.556
F10.604(1514D).

2.4 PTHLH A4% HCC %8 i B bh 2 My 5247 69 VE R &
HE TR E 5@

qRT-PCR fil Western blotting 4% I 7k PTHLH

mRNA FI 3R IA K1 I FEAT(P<0.01, B 5A) .
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Fig.1 Analysis of PTHLH mRNA expression levels and prognostic evaluation of HCC patients based on data from the TCGA

database. A: Comparison of PTHLH mRNA expression levels between HCC and adjacent normal tissues. B: Kaplan-Meier

curves for disease-free survival (DFS) stratified by the median expression level of PTHLH mRNA. C: Kaplan-Meier curves for
overall survival (OS) stratified by the median expression level of PTHLH mRNA. D: Forest plot of univariate Cox regression

analysis. E: Forest plot of multivariate Cox regression analysis.
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