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Abstract

The aim of this study was to assess the prognostic value of the multi-PDZ domain protein (MPDZ) in hepatocellular car-
cinoma (HCC). MPDZ expression in HCC and normal liver tissue samples were analyzed using TCGA-LIHC data and
validated in the GSE14520, GSE62232, GSE76427, GSE121248, and GSE136247 datasets. MPDZ’s prognostic value in
HCC was evaluated based on Kaplan—Meier survival analysis and Cox proportional risk models. The correlation of MPDZ
with other prognostic factors was explored by combined survival analysis and stratified survival analysis. The differentially
expressed genes between patient groups stratified on the basis of MPDZ levels in TCGA-LIHC were screened using R and
functionally annotated by the GO and KEGG pathway analysis by DAVID. Furthermore, gene set enrichment analysis was
conducted to determine the basic molecular mechanism of MPDZ in HCC, and the protein—protein interactions, gene—gene
interactions, and immune infiltration status of MPDZ was analyzed by STRING, GeneMania, and TIMER. Our findings
indicate that MPDZ is downregulated in HCC and portends worse prognosis. Bioinformatics analysis revealed a strong link
between MPDZ and liver cancer progression, liver cancer survival, multiple metabolic pathways, and multiple signaling
pathways. In addition, our findings indicate that MPDZ expression is associated with several key genes in the ferroptosis
pathway and m6A methylation. Finally, immunohistochemical assessment of clinical specimens confirmed low MPDZ
protein expression in HCC tissues relative to paraneoplastic tissues. Taken together, MPDZ is a promising biomarker for

the diagnosis and prognosis of HCC.
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Introduction

According to a new report, as many as 900,000 new liver
cancer cases were diagnosed and 830,000 deaths were
recorded worldwide in 2020, which currently makes liver
cancer the third leading cause of cancer-related deaths [1,
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2]. Liver cancer ranks the fifth of the malignancies and the
second for cancer-related deaths in Asia [3]. The treatment
options for hepatocellular carcinoma (HCC) include sur-
gical resection, transarterial chemoembolization (TACE),
systemic therapy, hepatic arterial infusion chemotherapy
(HAIC), and liver transplantation [4]. Although immune
checkpoint inhibitors have shown encouraging results
against advanced HCC, the therapeutic efficacy remains to
be improved [5]. The mortality rate due to HCC is increas-
ing at the rate of about 2-3% per year [6]. If detected at an
early stage, surgical resection can improve the 5-year overall
survival (OS) rate of HCC patients to more than 70% [7].
On the other hand, for those with advanced liver cancer,
the 5-year OS rate has declined to less than 16% [8]. Early
diagnosis for HCC currently relies on ultrasound surveil-
lance (US) and serological assessment of alpha-fetoprotein
(AFP). Among HCC patients with cirrhosis regardless of
the tumor stage, the diagnostic sensitivity and specificity of
AFP are 41-65% and 80-94%, respectively [9], although the
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detection rate of early tumors is only 33% [10]. Furthermore,
while the sensitivity of ultrasound imaging for HCC diag-
nosis is 84%, it is only 47% for the early stages [11]. Thus,
sensitive biomarkers are urgently needed to diagnose HCC
at the early stage and predict patient prognosis.

MPDZ, also known as MUPPI1, is a multi-PDZ domain
protein located on human chromosome 9p24-p22. It con-
tains 13 PDZ structures that mediate signal transduction by
binding to the C-terminus of other proteins [12]. Given its
lack of an intrinsic catalytic function, MPDZ likely binds to
the intercellular adhesion molecules at tight junctions [13],
since it has been detected near the junctions of epithelial
and endothelial cells, as well as neuronal synapses [14—16].
The choroid plexus of the central nervous system related
to the expression of MPDZ [17], and it is also the main
source of the cerebrospinal fluid (CSF) [18, 19]. MPDZ is
in fact closely associated with congenital hydrocephalus
[20]. In addition, MPDZ promotes Gi coupling and signal-
ing at the Mt1 melatonin receptor [21], regulates p38 MAP
kinase activity, enhances NMDA receptor-dependent syn-
aptic AMPA receptor activity [22], and regulates angiogen-
esis by interacting with the Notch ligands DLL1 and DLL4
[23]. Recently, studies have demonstrated the pivotal role of
MPDZ in tumorigenesis [24-26]. However, little is known
regarding the potential regulatory functions and clinical sig-
nificance of MPDZ in HCC, and the underlying mechanisms
remain unclear.

Materials and methods
Data sources

RNA sequencing (RNA-seq) as well as the corresponding
clinical data of HCC samples were retrieved from TCGA
(The Cancer Genome Atlas). The gene expression data were
normalized using the “limma” package scale [27]. In addi-
tion, the GSE14520, GSE62232, GSE76427, GSE121248,
and GSE136247 datasets were extracted from GEO (The
Gene Expression Omnibus) to validate MPDZ expression
in HCC.

ROC analysis

Receiver operating characteristic (ROC) curves were plot-
ted to quantify MPDZ’s prognostic ability for HCC [28] by
calculating the area under the curve (AUC).

Survival analysis

HCC cases from TCGA and GSE14520 datasets were clas-

sified into the MPDZ"€" and MPDZ'*" groups according
to the median expression level. Kaplan—Meier survival
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curves were plotted for both groups and compared using
the log-rank test. The clinicopathological characteristics
obtained from TCGA and GSE14520 datasets are sum-
marized in Tables 1 and 2. The risk values of MPDZ and
individual clinicopathological features were determined
by constructing a nomogram using the rms package in R,
and the total risk score was calculated by summing the risk
values of each variable [29]. Cox regression analysis was
performed to identify the factors significantly associated
with the overall survival (OS) of HCC patients. The cal-
culation of thee risk score was conducted by multiplying
coefficients () from the Cox regression model with the
gene expression levels as follows: (1 * gene 1)+ (B2*
gene 2)+ (P 3 * gene 3)+...+ (Pn * gene n) [30-32]. Since
the calculated risk score was negative, the constant 5 was
added to the score in TCGA and 7 was added to the score
in GSE14520. Time-dependent ROC curves were drawn
using the survival ROC package [30]. Survival analysis
was also performed for different subgroups stratified on
the basis of the clinicopathological factors.

Table 1 Clinical profile of TCGA-LIHC patients in this study

TCGA Low MPDZ High MPDZ X? P value
Age (years)

<60 92 (0.56) 73 (0.44) 4.020 0.045
>60 89 (0.45) 108 (0.55)

Missing 0 0

Histologic grade

Gl1+G2 95 (0.41) 135 (0.59) 20.190 <0.001
G3+G4 84 (0.66) 43 (0.34)

Missing 2 3

Gender

Female 66 (0.56) 52 (0.44) 2.464 0.116
Male 115 (0.47) 129 (0.53)

Missing 0 0

Race

Asian 94 (0.60) 62 (0.40) 13.193 0.001
Black 7 (0.44) 9 (0.56)

White 73 (0.41) 107 (0.59)

Missing 7 3

Tumor stage

Stage I and I1 121 (0.48) 132 (0.52) 3.773 0.052
Stage [l and IV 51 (0.60) 34 (0.0.40)

Missing 9 15

BMI (kg/m’)

<18.5 15 (0.71) 6 (0.29) 12.610 0.006
18.5-24.9 85 (0.55) 69 (0.45)

25-29.9 45 (0.51) 43 (0.49)

>30 23 (0.34) 45 (0.66)

Missing 13 18
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Table 2 Clinical profile of patients in this study from the GSE14520
database

GSE14520 Low MPDZ High MPDZ X? P value
Gender

Female 12 (0.41) 17 (0.59) 0.999 0.318
Male 94 (0.51) 89 (0.49)

Missing 0 0

Age (years)

<60 95 (0.55) 77 (0.45) 9.984 0.002
60 11 (0.28) 29 (0.72)

Missing 0 0

Main tumor size

<5CM 65 (0.47) 72 (0.53) 1.218 0.270
>5CM 41 (0.46) 33 (0.54)

Missing 0 1

Multinodular

Yes 29 (0.64) 16 (0.36) 4.768 0.029
No 77 (0.46) 90 (0.54)

Missing 0 0

Cirrhosis

Yes 98 (0.50) 97 (0.50) 0.064 0.800
No 8 (0.50) 9 (0.50)

Missing 0 0

AFP

<300 ng/ml 43 (0.37) 72 (0.63) 16.833  <0.001
>300 ng/ml 62 (0.66) 32 (0.34)

Missing 1 2

AFP alpha-fetoprotein

HPA analysis

The Human Protein Atlas (HPA, https://www.proteinatlas.
org/) is a database of immunohistochemical (IHC) images
of specimens from a wide range of cancers [33]. The IHC
images for MPDZ in HCC tissues were downloaded from
HPA.

PPI network analysis

The STRING database was used to build the protein—protein
interaction (PPI) network [34] for MPDZ. The interactions
with a composite score> 0.4 were defined as statistically
significant.

GeneMANIA analysis

The GeneMANIA website was used for the prediction
MPDZ’s function as well as the identification of genes with
similar functions in HCC [35].

Immune infiltration analysis

The tumor immune estimation resource (TIMER) algorithm
was used to analyze the infiltration of six immune cell types
in HCC and their correlation with MPDZ expression.

Gene set enrichment analysis (GSEA)

The pathways and functions associated with MPDZ were
identified through c2 (c2.all.v7.5.1.symbols.gmt) and c5
(c5.all.v7.5.1.symbols.gmt) molecular signature database
(MSigDB) in GSEA 4.2.3 [36]. TCGA-LIHC patients were
allocated into the MPDZ"&" group or the MPDZ!®" group
based on the median expression. GSEA-derived gene enrich-
ment groups with FDR <0.25 and P <0.05 with an align-
ment parameter set to 1,000 were considered statistically
significant.

Identification of differentially expressed genes
(DEGs)

The DEGs between the MPDZ"¢" and MPDZ'*Y TCGA-
LIHC were screened using the R package LIMMA, with
the criteria of llog2 (Fold Change)l> 1.5 and P <0.05. The
DEGs were visualized in the form of a volcano plot using
the ggplot2 package.

Functional annotation

The analyses of Gene Ontology (GO) [37] as well as Kyoto
Encyclopedia of Genes and Genomic Pathways (KEGG)
[38] of DEGs were carried out using Database for Annota-
tion, Visualization, and Integrated Discovery (DAVID). The
enriched biological functions and pathways were visualized
by "Goplot, Hmisc, and ggplot2".

Immunohistochemistry

After cut into sections (4 pm thick), the paraffin-embedded
tissues were dewaxed in xylene and then hydrated through
an ethanol gradient (100%, 95%, 85%, and 75%). The sec-
tions were heated in 0.1 M citrate buffer (pH-6.0) at 95 °C
for 15 min to unmask the antigens, and thereafter immersed
in 0.3% H,0, for 20 min at room temperature to block the
endogenous peroxidase activity. The slides were incubated
overnight with the primary antibody (Affinity, USA) at 4 °C,
followed by the secondary antibody (ZSGB-Bio, China)
at 37 °C for 30 min, and the Detection System PV-9000
(ZSGB-Bio, China) at 37 °C for 20 min. After developing
color with the diaminobenzidine (DAB) solution (Dako,
Denmark), the sections were counterstained with hematoxy-
lin solution. The slides were evaluated independently by two
pathologists in a blinded manner. The staining intensity was
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scored as follows: (1) 0: negative staining; (2) 1: light stain-
ing; (3) 2: brown; and (4) 3: tan. The percentage of positive
cells was scored as follows: (1) 1: 0-10%; (2) 2: 10-50%;
(3) 3: 50-75%; and (4) 4: 75-100%. Both scores were mul-
tiplied, and the samples were classified on the basis of the
total score as high expression >4 and low expression < 4.

DNA methylation

To analyze MPDZ and the relationship between DNA meth-
ylation in HCC, this study adopts MethSurv platform to
explore (https://biit.cs.ut.ee/methsurv/), which is a survival
analysis of DNA methylation patterns of effective tools [39].

Statistical analysis

SPSS version 25.0 and R (version 4.2.0) as well as GraphPad
Prism 8.0 were used for statistical analyses. Differential gene
expression of the normal and tumor tissues was compared by
Student’s t test. Chi-square or Fisher’s exact test was used to
investigate the relationship of MPDZ gene expression with
clinicopathological features. Univariate and multifactorial
Cox proportional risk regression models were applied to
identify the prognostic value of various clinical features. A
P value < 0.05 indicated statistical significance.

Results
MPDZ is downregulated in HCC

Analysis of pan-cancer datasets in TIMER revealed higher
expression of MPDZ in 15 tumor types compared to the
corresponding normal tissue (Fig. 1A). However, MPDZ
was significantly downregulated in the HCC tissues com-
pared to the normal liver tissues in TCGA-LIHC database
(P<0.0001; Fig. 1B). Consistent with this, lower MPDZ
mRNA levels were detected in the liver cancer tissues in
the GSE14520, GSE136247, GSE76427, GSE62232, and
GSE121248 datasets (Fig. 1C-G). The diagnostic efficacy
of MPDZ was evaluated by ROC analysis, and AUC was
greater than 0.8 in all examined datasets (TCGA =0.8665,
GSE14520=0.8783, GSE136247 =0.8850,
GSE76427 =0.6987, GSE62232 =0.8086,
GSE121248 =0.7386,), indicating that MPDZ expression
can accurately diagnose HCC (Fig. lH-M). MPDZ protein
expression was also lower in HCC tissues than in normal
liver tissues as per HPA data (Fig. 2A). In contrast to the cor-
responding normal tissues, the protein expression of MPDZ
in hepatocellular carcinoma tissues was lower according to
immunohistochemistry (Fig. 2B-E).
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MPDZ is a prognostic factor in HCC

Higher MPDZ mRNA expression was significantly related
to better OS (P=0.0024 in TCGA, Fig. 2E; P=0.0012 in
GSE14520, Fig. 2F). Furthermore, multivariate Cox propor-
tional hazards regression identified MPDZ as an independent
prognostic factor in TCGA (P=0.002, 95% CI 0.383-0.814,
Table 3) and GSE14520 (P =0.005, 95% CI 0.312-0.816,
Table 4) datasets. Time-dependent ROC curves confirmed
the Kaplan—Meier survival analysis with respective AUC
values of 0.5813 (95% CI 0.5184-0.6441) and 0.6252
(95% CI 0.5468-0.7037) in TCGA and GSE14520 data-
sets (Fig. 2G, H). GSE136247, GSE76427, GSE62232, and
GSE121248 were not included in the analysis due to missing
survival data.

The data from TCGA and GSE14520 were used for con-
structing a prognostic nomogram. As shown in Fig. 3A,
B, low MPDZ expression significantly correlated to worse
prognosis in TCGA and GSE14520. The patients in both
cohorts were then classified into the high and low risk
groups based on the risk score of the nomogram. In TCGA,
the risk score’s AUC for the prediction of 1-, 3-, and 5-year
OS among HCC patients was found to be 0.598, 0.595, and
0.607, respectively (Fig. 4A), and 0.618, 0.578, and 0.56 in
GSE14520 (Fig. 4B).

Furthermore, the combination of low MPDZ expres-
sion and tumor stage III/ IV was correlated to worse OS
compared to the other three groups in TCGA (P <0.001,
HR =3.388, 95% CI 2.096-5.476, Fig. 5A, Table 5). Finally,
stratified survival analysis on the basis of clinicopathological
features in TCGA showed that MPDZ expression was sig-
nificantly correlated to the OS in the < 60 years, histological
tumor grade G1+ G2, female, Asian, tumor stage III and IV,
and BMI 18.5-29.9 subgroups (Table 6).

Screening and biological function of DEGs

Based on the median MPDZ mRNA expression, 362 HCC
patients in TCGA were classified into either the high or low
expression group. We identified 176 DEGs between the two
groups, of which 162 genes were upregulated and 17 genes
were downregulated (Fig. 5B). The DEGs were function-
ally annotated by GO and KEGG pathway analyses (Fig. 5C,
D). KEGG enrichment results showed that the DEGs are
associated with steroid hormone biosynthesis, metabolic
pathways, retinol metabolism, primary bile acid biosynthe-
sis, tyrosine metabolism, glycolysis/gluconeogenesis, and
PPAR signaling pathway (Fig. 5E). In addition, the signifi-
cantly enriched GO terms associated with DEGs included
drug metabolic processes, monooxygenase activity, iron ion
binding, cyclooxygenase P450 pathway, retinol metabolic
processes, oxidoreductase activity, and estrogen metabolic
processes (Fig. 5F).
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Identification of prognostic DEGs expressed between HCC and normal liver tissues. Besides,
the expression of SLC10A1, ADH4, CYP3A4, CYP8BI,
TAT, TESC, and SPP1 was related to HCC patients’ OS

with statistical significance (Fig. 6B).

The top 10 upregulated and downregulated genes were
screened from the DEGs identified in TCGA. As shown
in Fig. 6A, all 20 genes were found to be differentially
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Fig.2 A Representative immunohistochemical images of MPDZ in
HPA; B-D Representative immunohistochemical images of MPDZ
and D corresponding histograms; Kaplan—-Meier survival curves (E)

Bioinformatics analysis

The key genes involved in HCC development were
identified using GeneMANIA and STRING. The PPI
network indicated that the MPDZ gene was mainly co-
expressed with MPP5, CSPG4, SYNGAP, PLEKHGS,
PLEKHA1, HTR2C, AMOT, GRIN2B, IER5, FAT4,
AMOTLI, SSTR3, CRBI1, KIT, and AMOTL?2 (Fig. 7A).
The gene—gene relationship network generated by Gene-
MANIA showed that MPDZ is associated with F11R,
CLDN1, PLEKHA1, HTR2C, SSTR3, CSPG4, CXADR,
RIMS2, LIN7C, TEAD2, and CLDNS5 (Fig. 7B). In addi-
tion, the TIMER algorithm showed that MPDZ correlated
positively with the infiltration of CD4 + T cells, B cells,
macrophages, CD8 + T cells, dendritic cells, and neutro-
phils (Fig. 7C). To investigate the correlation between
MPDZ expression and immune infiltration, we determined
the enrichment scores of 23 immune cells in the MPDZ
expression low/high group. Our findings showed that a
higher enrichment score for ten immune cells and a lower
enrichment score for five immune cells were observed in
the low MPDZ expression group compared to the high
MPDZ expression group. We observed a negative cor-
relation between SARDH expression and levels of infil-
tration of ten immune cells, but a positive correlation
between SARDH expression and levels of infiltration of
five immune cells (Fig. 7D-F).
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and ROC curves (G) of MPDZ in TCGA; and Kaplan—Meier survival
curves (F) and ROC curves (H) of MPDZ in GSE14520

GSEA

The MPDZ"" group was significantly enriched in AKT
pathway, PPAR signaling pathway, MTOR pathway, hepa-
tocellular carcinoma progression, hepatocellular carcinoma
survival, and vascular invasion in HCC from the c2 reference
gene set (Fig. 8A-F). The results of the c7 reference gene
set showed significant enrichment of bile acid and bile salt
transport, fat oxidation, negative regulation of TOR signal-
ing, regulation of fatty acid metabolic processes, regulation
of gluconeogenesis, and steroid biosynthesis (Fig. 8G-L).

Ferroptosis pathway

Ferroptosis has been found to have a critical effect on HCC
development [40—42]. To further explore the association
between MPDZ expression and 25 genes involved in the
ferroptosis pathway, we analyzed RNA-seq data from TCGA
database [43]. The results showed that MPDZ expression
was negatively correlated with five genes in the ferroptosis
pathway and positively correlated with eight genes (Fig. 9).

Methylation
To further explore the association between MPDZ expres-

sion and 24 genes involved in the ferroptosis pathway
[44], we analyzed RNA-seq data from TCGA database.
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Table 3 COX regression analysis for OS in HCC patients from TCGA

Variable Patients No. of events MST (days) Univariate analysis Multivariate analysis
(n=362) HR (95%CI) P value HR (95%CI) P value

Age (years)

<60 165 54 2116 1

>60 197 75 1622 1.216 (0.857-1.727) 0.273

Missing 0 0

Histologic grade

G1+G2 230 78 1791 1

G3+G4 127 47 1622 1.122 (0.780-1.612) 0.535

Missing 5 4

Gender

Female 118 50 1560 1

Male 244 79 2486 0.825 (0.578-1.178) 0.290

Missing 0 0

Race

Asian 156 44 NA 1

Black 16 6 1149 1.558 (0.663-3.659) 0.309

White 180 74 1386 1.306 (0.896-1.904) 0.165

Missing 10 5

Tumor stage

Tand II 253 68 2532 1

Il and IV 85 47 660 2.484 (1.709-3.609) <0.001  2.558 (1.758-3.721) <0.001

Missing 24 14

BMI (kg/m?)

<18.5 21 6 3258 1

=18.5-24.9 154 55 1694 1.529 (0.647-3.614) 0.333

=25-29.9 88 28 2131 1.131 (0.465-2.752) 0.786

>30 68 23 2116 1.269 (0.508-3.171) 0.610

Missing 31 17

MPDZ

Low expression 181 77 1271 1

High expression 181 52 2456 0.583 (0.410-0.830) 0.003  0.558 (0.383-0.814) 0.002

Missing 0 0

HCC, hepatocellular carcinoma; MST, median survival time; OS, overall survival; HR, hazard ratio; CI, confidence interval

The results showed that MPDZ expression was negatively
correlated with three genes in the m6A methylation and
positively correlated with 12 genes (Fig. 10).

A comprehensive examination of the prognostic rel-
evance of DNA methylation levels and intragenic CpG
islands of the MPDZ gene was performed using the Meth-
Surv database. The results showed that the majority of
these CpG sites exhibited hypermethylation. Specifically,
two CpG sites ¢g14404301 and cg22117143 showed that
the DNA methylation level was correlated with the prog-
nosis of HCC (Fig. 11).

Discussion

MPDZ expression among HCC/normal liver tissues was
analyzed using TCGA-LIHC dataset [45] and validated the
results in GSE14520, GSE136247, GSE76427, GSE62232,
and GSE121248 datasets in this study. In contrast to the
normal tissues, MPDZ was found to be downregulated in
HCC tissues; thus, it was identified as a tumor suppres-
sor. Furthermore, MPDZ showed high diagnostic efficacy
for HCC in GSE76427 (AUC=0.6987) and GSE121248
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Table 4 COX regression analysis for OS in HCC patients from GSE14520

Variable Patients No. of events MST (months) Univariate analysis Multivariate analysis
=212) HR (95%CI) P value HR (95%CI) P value
Gender
Female 29 8 NA 1
Male 183 74 NA 1.704 (0.821-3.534) 0.152
Missing 0 0
Age (years)
<60 172 69 NA 1
>60 40 13 NA 0.761 (0.420-1.376) 0.366
Missing 0 0
Main tumor size
Small 137 46 NA 1
Large 74 36 533 1.925 (1.222-3.031) 0.002 1.137 (0.680-1.902) 0.005
Missing 1 0
Multinodular
Yes 45 23 NA 1
No 167 59 479 1.607 (0.992-2.604) 0.054
Missing 0 0
Cirrhosis
Yes 195 80 NA 1
No 17 2 NA 4.335 (1.065-17.638)  0.041 4.281 (1.049-17.469)  0.043
Missing 0 0
AFP
Low 115 39 NA 1
High 94 43 NA 1.546 (1.002-2.385) 0.049 1.086 (0.674-1.750) 0.734
Missing 3 0
Missing 0 0
MPDZ
Low expression 181 52 53.3
High expression 181 30 NA 0.484 (0.309-0.759) 0.002 0.505 (0.312-0.816) 0.005
Missing 0 0

HCC, hepatocellular carcinoma; MST, median survival time; OS, overall survival; HR, hazard ratio; CI, confidence interval, AFP, alpha-fetopro-

tein

(AUC =0.7386) datasets, and therefore can be considered
as a potential diagnostic marker.

A high expression of MPDZ was related with a better
OS in TCGA-CIHC and GSE14520 datasets including a
total of 474 cases. In addition, MPDZ had a greater con-
tribution to HCC prognosis in the nomogram including
multiple clinicopathological characteristics for both data-
sets. The combination of MPDZ and tumor stage resulted
in greater prognostic differences between the groups in
TCGA-LIHC dataset. Furthermore, stratified survival
analysis confirmed the prognostic relevance of MPDZ in
the < 60 years, histological grade G1 + G2, female, Asian,
tumor stage III/IV and BMI 18.5-29.9 subgroups. MPDZ
expression also correlated positively with the infiltration
of immune cells. Given the promising results obtained
with immune checkpoint inhibitors (ICIs) against liver

@ Springer

cancer [46], and the importance of the tumor immune
landscape in therapeutic responses [47, 48], we can sur-
mise that MPDZ may regulate HCC progression by modu-
lating immune cell infiltration.

MPDZ is a signal transduction protein that binds to mul-
tiple proteins or protein complexes. Recent studies have
shown that MPDZ is strongly correlated with alcohol addic-
tion [49], hydrocephalus [16, 20], epilepsy susceptibility
[50], other neuropathies, and even cancer. Liu et al. reported
that MPDZ inhibits lung carcinogenesis by regulating the
Hippo-YAP signaling pathway [51]. Furthermore, Huang
et al. showed that MPDZ is a potential biomarker for early
diagnosis and prognosis among patients with clear cell renal
cell carcinoma [52]. A recent study associated mutations
in MPDZ with drug resistance and relapse in glioblastoma
patients [53].
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GO and KEGG enrichment analysis revealed that MPDZ
was associated with the biosynthesis of steroid hormone
biosynthesis/primary bile acid, PPAR signaling pathway,
tyrosine metabolism, glycolysis/gluconeogenesis, drug
metabolic processes, steroid metabolic processes, monooxy-
genase activity, cyclooxygenase pathway, retinol metabolic
processes, oxidoreductase activity, and estrogen metabolic
processes. The PPAR signaling pathway [54], cyclooxyge-
nase pathway [55], and oxidoreductase activity [56] have
been found to exert a pivotal impact on the development
of hepatocarcinoma. In addition, PPAR signaling [57] and
tyrosine metabolism [58] are strongly related to drug resist-
ance in HCC patients. The results of GSEA further showed
that MPDZ was significantly enriched in biological func-
tions such as fat oxidation [59], negative regulation of TOR
signaling [60], regulation of fatty acid metabolic processes
[61], regulation of gluconeogenesis [62], transport of bile

4 6 8 10 12 14 16 18 20 22 24 26

0.9 0.8 0.7 0.6

r T T T 1
0.9 0.8 0.7 0.6 0.5
0.9 0.8 0.7 0.6 0.5

acids and bile salts [63], AKT pathway [64], PPAR signaling
pathway [57], and HCC progression, survival, and vascular
invasion, which confirm that MPDZ is strongly associated
with the development of hepatocellular carcinoma.

Recent investigations have revealed that ferroptosis plays
a crucial role in the progression of HCC [65]. No studies
have explored the potential regulatory mechanisms of MPDZ
and ferroptosis pathway. In this study, we explored the rela-
tionship between MPDZ and ferroptosis in HCC using bio-
informatics methods based on TCGA database. Our results
showed that MPDZ expression was negatively correlated
with five genes in the ferroptosis pathway and positively
correlated with eight genes. MPDZ may be involved in the
regulation of ferroptosis to affect the survival and progres-
sion of HCC cells.

Increasing evidence has suggested that epigenetic
changes by DNA methylation and m6A methylation play an

@ Springer
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Fig.4 Prognostic risk model
for MPDZ in hepatocellular
carcinoma. A TCGA and B
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important role in HCC [66, 67]. Recent studies have shown
that MPDZ expression is regulated by CpG island hyper-
methylation, MPDZ expression is significantly downregu-
lated in lung cancer tissues, negatively correlated with DNA
hypermethylation, and reduced MPDZ expression predicts
poor outcome [51]. In this study, two CpG sites cg14404301
and cg22117143 showed that the DNA methylation level
was correlated with the prognosis of HCC. In addition,
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MPDZ expression of HCC was negatively correlated with
three genes in the m6A methylation and positively correlated
with 12 genes.

Our study has some limitations that ought to be consid-
ered. First, both TCGA and GSE14520 datasets have incom-
plete clinical information, which may affect the credibility
of our results. Second, additional functional experiments are
needed to verify the biological function of MPDZ. Finally,
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MPDZ and tumor stage in hepatocellular carcinoma from the TCGA
database; B volcano plot of DEGs. Red dots: upregulated; green dots:
downregulated; black dots: non-differentially expressed genes; gene
names: the 10 most significantly upregulated genes and the 10 most

we based our conclusions solely on retrospective data, and
the clinical relevance of MPDZ will have to be ascertained
through multicenter studies. In conclusion, we have reported
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significantly downregulated genes in expression screened according
to llog,(Fold Change)l. C Circle plot for displaying the relationship
between gene and GO terms; D circle plot for displaying the relation-
ship between gene and KEGG pathway; E bubble plot for GO terms,
and F bubble plot for KEGG pathway

the prognostic value of MPDZ in HCC for the first time, and
MPDZ warrants further investigation as a biomarker for the
diagnosis and prognosis of HCC.
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Table 5 Combined effect survival analysis of tumor stage and MPDZ

Group Tumor stage MPDZ Patients No. of events MST (days) Univariate analysis (95% CI) P value
A ITand II Low 121 38 3258 1 -

B Iand II High 132 30 2456 0.741 (0.458-1.199) 0.222
C Il and IV High 51 32 419 3.388 (2.096-5.476) <0.001
D II and IV Low 34 15 1210 1.220 (0.670-2.222) 0.515

MST, median survival time; No. of events, number of events; HR, hazard ratio; CI, confidence interval

Table 6 Stratified analysis of MPDZ for OS in HCC from TCGA

TCGA Low MPDZ  High MPDZ  Crude HR (95% CI) Crude P value  Adjusted* HR (95%CI) Adjusted* P value
Age (years)

<60 92 (0.56) 73 (0.44) 0.378 (0.210-0.680) 0.001 0.306 (0.160-0.585) <0.001
>60 89 (0.45) 108 (0.55) 0.795 (0.502-1.259) 0.329 0.838 (0.514-1.366) 0.487
Missing 0 0

Histologic grade

G1+G2 95 (0.41) 135 (0.59) 0.588 (0.376-0.921) 0.020 0.561 (0.346-0.910) 0.019
G3+G4 84 (0.66) 43 (0.34) 0.506 (0.257-0.994) 0.048 0.519 (0.256-1.052) 0.069
Missing 2 3

Gender

Female 66 (0.56) 52 (0.44) 1.111 (0.633-1.952) 0.714 1.843 (0.986-3.443) 0.459
Male 115 (0.47) 129 (0.53) 0.408 (0.257-0.648) <0.001 0.345 (0.208-0.572) <0.001
Missing 0 0

Race

Asian 94 (0.60) 62 (0.40) 0.218 (0.097-0.489) <0.001 0.242 (0.107-0.548) 0.001
Black 7(0.44) 9 (0.56) 0.440 (0.072-2.671) 0.372 0.792 (0.132-4.767) 0.799
White 73 (0.41) 107 (0.59) 0.897 (0.566-1.420) 0.643 0.932 (0.832-2.370) 0.782
Missing 7 3

Tumor stage

Stage I and I1 121 (0.48) 132 (0.52) 0.728 (0.450-1.178) 0.196 - -
Stage Ill and IV~ 51 (0.60) 34 (0.0.40) 0.323 (0.167-0.625) 0.001 - -
Missing 9 15

BMI (kg/m?)

<18.5 15 (0.71) 6 (0.29) 0.849 (0.093-7.734) 0.884 0.000 (0-6.320E+ 148) 0.947
18.5-24.9 85 (0.55) 69 (0.45) 0.288 (0.151-0.549) 0.000 0.305 (0.156-0.596) 0.001
25-29.9 45(0.51) 43 (0.49) 0.568 (0.267-1.209) 0.142 0.422 (0.179-0.998) 0.049
>30 23 (0.34) 45 (0.66) 0.955 (0.401-2.272) 0.917 1.082 (0.428-2.738) 0.868
Missing 13 18

*Adjusted for tumor stage of TCGA; MST, median survival time; No. of events, number of events; HR, hazard ratio; CI, confidence interval;
OS, overall survival
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Fig. 11 A Correlation between MPDZ expression levels and methylation levels and their clinical features. B, C Kaplan—-Meier curves of two

methylation sites in MPDZ

In contrast to the tissues of the normal liver, MPDZ is
downregulated in the tissues of HCC and portends a worse
prognosis. MPDZ is a novel biomarker for the diagnosis
and prognosis of HCC.
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