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ABSTRACT

Liver hepatocellular carcinoma (LIHC)remains one of the most common causesof cancer death. Prior
researchsuggestedhat the PPM1Ggeneis involved in LIHC To explore the role of PPM1Gin LIHC we usec
severalonline databases Expressionprofiling was performed via the Gene ExpressionProfiling Interactive
Analysis(GEPIA)Hepatocellular CarcinomaDatabase(HCCDB)POncomineand Human Protein Atlas (HPA
platforms. Mutation profiles were investigatedvia cBioCancerGenomicsPortal (cBidPortal). Survivalanalysit
was performed via the KaplargMeier (KM) plotter and International CancerGenome Consortum (ICGC
platforms. Thebiologicalfunction of PPM1Gwas analyzedvia the Enrichrdatabase.Theinfluence of PPM1(
expressionin the tumor immune microenvironment was assessedsia Tumor Immune Estimation Resourc
(TIMER).PPM1Gexpressionwas upregulated in various tumors, including LIHC.Overexpressionof PPM1(
was associatedwith poor prognosisin LIHCPPM1Gexpressionmight be regulated by promoter methylation,
copy number variations (CNVs)and kinasesand correlate with immune infiltration. Thegene ontology (GO
terms associatedwith high PPM1Gexpressionwere mRNAsplicingandthe cell cycle. Theresultssuggestthat
PPM1G is correlated with the prognosis of LIHC patients and associaéd with the tumor immune
microenvironmentin LIHC

INTRODUCTION diagnosis.Therefore it is of greaturgencyto conduct
moreresearcton LIHC.

Cancer remains aconsiderable threat to human

survival. The Global Burden of Disease Study reported
that there were 24.5 million cases of cancer worldwide
and 9.6 million cancer deaths i2017 [1]. Liver

hepatocellular carcinoma (LIHC) is one of the most

common causes of cancer death. In 2017, there were

953,000 (95% UI, 917,00097,000) incident cases
of liver cancer globally and 819,000 (95% UI,
790,000856,000) deaths[1]. Unlike many solid
tumors, the incidence and mortality of LIHC have
increased over the past decaf®. Many LIHC
patients still have a poosurvival prognosis after
surgery radiotherapy or chemotheramwing to late

Epidemiological researclas shownthat more than
80% of hepatocellular carcinomdsvelopin fibrotic or
cirrhotic livers[3]. PPM1G plays a fundamental role in
increasingliver fibrosis by negatively regulating the
effect of WWP2 on Notch3 degradatiojd]. The
inhibition of PPM1G activity by CdCI2 also decresise
the protein levels of fibrogenic markefs]. It is
tempting to speculate that the biological function of
PPM1G isassociatedvith LIHC.

PPMLG is a member of the metalependent protein
phosphatase (PPNamily. Previousstudiesdemonstrated
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that malfunction ofthe PPM family was corelated
with tumors, metabolic diseases and other various
diseases. Protein phosphatases control diveselar
events, including proliferation, differentiation, and stress
response, by regulating reversible protein phosphorylation
(the most important posttranslaied modification)[6].
PPM1D, a member of the PP2C family that is
recognizedasa commononcogenejs related to many
different human tumors, including adult supratentorial
diffuse astrocytoma and oligodendroglioma, highde
glioma [7], nonsmaltcell lung cancer[8] and lymph
node metastasis, as well asophageakquamouscell
carcinoma(ESCC)[9]. Some researdmasindicated that
PPM1D is a potential biomarker for prostate cancer,
gastric cancer and colorectal canid€y.

PPM family members, also ko as protein phosphatase
2C (PP2C) phosphatases, are Ser/Thr phosphatases
that bind manganese/magnesium ions (Mn2+/Mg2+)
in their active center and act as a single subunit
enzyme. PPM phosphatases are involved in regulating
various cellfunctions, including cell cycle control, cell
differentiation, the immune response and cellular
metabolism in twenty different mammalsMutation,
overexpression or deletion of PPM phosplatgenes

can cause abnormal cellular responses, leading to various
human diseases, including cancer. Therefommbers of

the PPM family are considered potential targets for
cancer therapff].

PPM1G can dephosphorydgiremRNA splicing factors,
which are essentialfor the formation of functional
spliceosomesPremRNA splicing is important in the
pathology of numerous diseases, especially cancers
because iaffecs protein diversityf11]. The connection
between cancer biology and splicing regulationois
primary importance for understanding the mechanisms
leading to disease and improving the development of
therapeutic approachd&2]. Therefoe, dysfunction of
PPM1Gmay induce cancerogressiorby affecting pre
MRNA splicing.

In addition topremRNA slicing, PPM1G is related
to chromatin remodeling, DNA damagqg13],
neurodevelopmenfl4], Parkinson's diseasg5] and
alcohol use disorder§l6]. However, the biological
function of PPM1G in LIHC remains to be identified.

Here, we explored the expression, mutation and
relationship with clinical outcomes of PPM1G in LIHC
patientsthrough various public online platforms. Then,
we revealed regulatory factors and functional networks
of PPM1G in LIHC and investigated its role in tumor
immunity. Our esearch provides evidence from multiple
perspectives supporting thsofunction of PPM1Gin
LIHC.

RESULTS
PPM1G expression in various cancers

We analyzedthe PPM1G expressiopatternsin the
results of various cancestudiesfrom the data ofThe
Cancer @nome Atlas (TCGA)and Gene Expression
Omnibus (GEO). Gene Expression Profiling Interactive
Analysis (GEPIA) (which uses TCGA data) showed
that compagd with that in normal tissues, the PPM1G
MRNA levels were significantly higher in 1ltypesof
cancer tisges (Figure 1A). The UALCAN website
(which uses Liver Hepatocellular Carcinoma Project of
The Cancer Genome Atlas (TCAAHC) data) also
showed that the PPM1G expressiolevel in tumor
tissues was significantly higher than that in normal
tissues (Figure 1B In the Gene Expression across
Normal and Tumor tissUSENT) database (which uses
GEO data), whose resources were based on GPL570
clinical data from 29 cancer types GEO database,
which was different fromGEPIA and UALCAN
database, PPM1G expressiawvels were found to be
upregulated in various cancers, including bladder
cancer, breast cancer, colon cancer, lung cancer,
pancreatic cancerliver cancer, ovarian cancer, and
testicular cancer (Figure 1C). the above three online
databases, the mRNA ewgssion of PPM1Gn LIHC
tissues was significantly higher than that in adjacent
normal tissues. The results abodemonstratedhat
PPM1G transcription was significantly increased in
multiple cancers as well as in LIHC.

PPM1G expression in LIHC

Next, we investigated the PPM1G expression levels in
12 LIHC cohorts fromTCGA, ICGC, and GEO via
HCCDB. The PPM1G mRNA expression in patients
with liver cancer was significantly higher théimat in
normal controls in the following datasets: GSE22058
[17], GSE25097 [18], GSE36376[19], GSE14520
(GPL3721 subset)[20], GSE10143[21], GSE54236
[22], GSE6389g23], GSE64041[24], GSE7642725]
(which from GEO dataasg, TCGA-LIHC(which from
TCGA data), ad Liver CanceRIKEN, JP Project from
International Cancer Genome Consortium (IGARI-
JP) (which from ICGC dakasé (Figure 2A) The data
from GEO, ICGC and TCGA daktasesareindependent
separafly. Next, the mRNA expression patterns of
PPM1G in LIHC vere further verified by Oncomine,
which was different from GEO, TCGA and ICGC
database. Data in the Oncomine datalss®ved that
PPM1G was overexpressed in LIHC tisseesnpared
with normal tissues inthe Roessler Liver, Roessler
Liver2, and Wurmbach Livedatasets. Wurmbach Liver
and Was Liver datandicaed that PPM1G transcription
was significantly higher ithe LIHC precursor samples
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various types of cancdGENT)Theboxes represent the median and the 25th and 75th percentiles. The dots represent outliers. The red

gene expression profiles across all tumor samples and paired normal tissues are shown in a dot plot, and each dot itberezenéssion
boxes represent tumorigsues, and the green boxes represent normal tissues.

profile in one sample.B) PPM1Gexpressionn 24types of cancer§UALCAN The boxplot shows the gene expression levels in different
cancers and normal tissues as the interquartile range (IQR), including the minimum, 25th percentile, median, 75th pemdemidgimum
values. Red boxes represent tumiissues, and green boxes represent normal tissu8sD@ata concerning PPM1G mRNA expression in

Figure 1.PPM1G mRNA&xpression in various typesf cancer (A) The expression of PPM1G in 33 types of human c4G&#RIN The
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Patient ID:5192

Location:Nuclear

Figure 2. PPM1G expression is significantly upregulated in L¢&Ehart and box plot showing PPM1G expression in normal and
LIHC tissues (HCCDB). Box plotcomparingPPM1G mRNA expression in normal (left plot) and cancer tissues (right plot) generated using
Roessier Liver2 (i), Wurmbach Liver &éijd Roessier Liver2 (iii) data (Oncomine). Box ptotmparingPPM1G mRNA expression in cancer
tissues (left plot) andJer cancer precursor tissues (right plot) using the Wurmbach Liver (iv) and Mas Liver (v) datasets, respectively

(Oncomine) (g3 £ dzS

(HPA)

2 F-changebof Z, and gefieRanking of 1096). ®PM1G protein expression in normal (i) and LIHC tissues (ii)
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than in normal controls (Figure 2B). Human Protein
Atlas (HPA), 5 of the 9
by HPA035530 had moderate or weak staining, and 2
had strong staining, while all the normal adjacent liver
tissue sampleshowed no staining (Figure 2C). The
HPA images indicated th#te protein expression levels

of PPM1G were significantlyhigher in LIHC tissues
thanin normal controlsThe abovedatashowed that the
MRNA and protein expression of PPM1G was
significantly hgher in LIHC tissuesthan in normal
tissues.

Correlation of PPM1G expression with
clinicopathological characteristicsof LIHC patients

Furthermore we analyzed the association between
PPM1G expression and clinicopathological charac
teristicsin the UALCAN databasgusing TCGALIHC
data). The results showed elevated expredsiogls of
PPM1G in LIHC patientscompared with normal
controls insubgroupanalysis based on diseaskge,
grade, sexage,race histological subtype and TP53
mutational status (Figure 3).

Correlation of PPM1G promoter methylation with
clinical characteristics in LIHC

Promoter methylation is one of the most important
reguldory factors of gene expressionSubgroup
analysis of multiple clinicopathological features of
TCGA-LIHC samples viathe UALCAN database
indicatedthatthe promoter methylation of PPM1G was
significantly lower in LIHC patients thain normal
controls in sbgroups based on stage, grasiex age,
and ethnicity (Figure 4).

Mutations and CNV of the PPM1Ggene in LIHC

We then evaluated the type and frequency of PPM1G
CNVs in LIHC based on DNA sequencing data from
cBioPortal (using Pafancer Atlas datdrom TCGA)
[26]. PPM1G was altered in 32 of 348 (9%) LIHC
patients (Figure 5A), including upregulation of mMRNA
in 29 patients (8.3%), amplification (AMP) in 6 patients
(1.7%), and mutation in 1 patient (0.3%). Both PPM1G
AMP and mRNA upregulation were fouia4 patients.
Therefore, upregulation of mRNA the mostgeneral
type of alteration affecting PPM1G in LIHC.

PPM1G AMP led to high PPM1G expressit®evels
(Figure 5B). Compared with that in the diploid group,
the expression levels of PPM1G in the gain ahdP
groups were upregulatedh addition, we determined

the PPM1G CNV frequency distribution in patients
stratifiedbasedbon stage and grade (Figure 5C, 5D). The
results demonstrated that PPM1G expression was

positively associated with the CNV level in LIHC.

pati ent Gsrthebmond”PM1G CINY was signiicantyi correlated

with overall survival(OS) in LIHC (Figure 5E) but not
significantly associated with diseafsee survival
(DFS).

PPM1G expression is associated with survival

To reveal the prognostic value of PPM1Gpeession

in LIHC, KM survival curves were used txamine
the relationship between PPM1G expression and
the survival status of patients with LIHC. LIHC
patients were separated into two groups according to
the median value ofhe PPM1G expression level in
each cohort. High expression was significantly
positively associated with poor O®rogressiorfree
survival (PFS), recurrencéee survival (RFS), and
diseasespecific survival (DSS) according to the
Kaplari Meier (KM) plotter web tool (which uses
TCGA, GEO, and European Genorphienome
Archive (EGA) data) (Figure 6A). Similarly, in
GEPIA, the low expression groughad significantly
better OS and DFS than the high expression group
(HR>1, p<0.095 (Figure 6C). We found a similar
tendency inthe Tumorimmune System Interactions
Database (TISIDB)Ywhich uses TCGA data) (Figure
6D). As a verification, in another indepesrd cohort
(ICGC-LIRI-JP), the high expression group had
significantly poorer OS than the low expression group
(p<0.001) in LIHC (Figure 6D).

Coexpressedyenesof PPM1G in LIHC

We identified PPM1CGcoexpressedenes inthe LIHC
cohort via the cBioPortal databaseto explore the
biological significance of PPM1G. We identifidhte top
26 (ranked according to
coefficient) coexpressedenes of PPM1G ithe LIHC
cohort, including CCT7, CPSF3, UBE2S, EFTUD?2,
RALY, PA2G4, SNRPGGPN1, SNRPD1, TUBA1B,
TRIM28, CDK4, ALYREF, NRBP1, NUDT1, H2AFZ,
NOP56, EIF2B4, KPNA2, BIPTTG1, TPRK,
HNRNPL, RAN, and SNRPB(Figure 7A). CCT7
expression was most correlated with PPM1G (r=0.674).
The correlation between PPM1G and CCT7 was
verified in anindependentohort {re Liver, GSM5328,
n=87) via the Oncomine (log2 medianentered
ratio=0.742, P<1H, fold change>2) (Figure 7C),
GEPIA (r=0.88) (Figure 7B) andhe University of
California Santa Cruz (UCSC) Xena (Pearson r=0.68;
Spearman r=0.70) platfms (Figure 7D)Furthermore,
we found that CCT7 was overexpressemh LIHC
(Supplementary Figure 1) and associated withaD&
RFS in LIHC patients via GEPIA (Supplementary
Figure 2). Notably, PPM1G and CCT7 may be involved
in signal transduction pathwairsLIHC.
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Figure 3. PPM1G transcriptiolevel in subgroups of patients with LIHC stratified based sex age and other criteria
(UALCAN)Boxwhisker plots showing PPM1G expression in LIHC (different color plots) and ndwragll@is) tissuesn patient subgroups

based on A) histological subtypeBj patient age, O patient sex (D) patient race, E) individual cancer stageF)(tumor grade, G) nodal
metastasis statusgnd (H) TP53 mutation status.
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Figure 4. Relationship of PPM1G promoter methylati@vel with clinical characteristics in LIHLALCAN)Boxwhisker plots
showing the relationship between PPM1G promoter methylation in LIHC (different color plots) and normal (blue plots) hidueteat
characteristics:4) normal vs. primary tumorBj patient sex (O patientage, D) patientrace, E) tumor grade, ) individual cancer stageG)
nodal metastasis statugnd(H) TP53 mutation status. The beta value indicates the level of DNA fatdmy(ranging from 0 (unmethylated)
to 1 (fully methylated)).
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