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Abstract
Background: Hepatocellular carcinoma (HCC) is globally recognized as one of the most frequently occurring
primary malignant liver tumor, making the identi�cation of HCC biomarkers critically important.

Methods: The gene expression and clinicopathology analysis, GO enrichment analysis (GSEA) and immune
in�ltration analysis are based on data obtained from The Cancer Genome Atlas (TCGA), with additional
bioinformatics analyses performed. The statistical analysis was conducted in R. The protein-protein
interaction (PPI) networks was constructed and the module analysis was performed using STRING and
Cytoscape. Construction and evaluation of prognostic model based on PDRG1 and tumor status used
nomogram and calibration.

Results: The expression of PDRG1 was signi�cantly higher in HCC tumor tissues. High expression of PDRG1 in
HCC patients was signi�cantly correlated with poor Overall Survival and adverse clinicopathological features
including advanced T stage, residual tumor, histologic grade, vascular invasion, TP53 status and AFP level.
GO, GSEA revealed that PDRG1 was closely correlated with DNA repair, DNA replication and cell cycle.
Spearman correlation showed high expression of PDRG1 was signi�cantly correlated with Th2 cells level in
HCC patients. Nomograms based on PDRG1 and tumor stage had good predictive performance on overall
survival rates of HCC patients.

Conclusions: Our study demonstrated the potential signi�cance of PDRG1 expression in the diagnosis and
prognosis of HCC and further explored the function in HCC. Further study is still needed to con�rm these
results. The underlying mechanism revealed by these results provides a basis for PDRG1 as a new molecular
target for the prevention and treatment of HCC.

Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer, representing the �fth most common
cancer and the second leading cause of cancer-related mortality[1]. The mean survival time of HCC patients
without intervention is estimated between 6 and 20 months. The main treatments for HCC are tumor resection,
liver transplantation, microwave, radiofrequency, ablation, transcatheter arterial chemoembolization, targeted
drug sorafenib and so on, but the overall survival rate of patients with HCC is still not optimistic. Thus, there is
an urgent need to �nd effective prognostic biomarkers for HCC patients who can really bene�t from curative
treatment. In this study, we aim to establish a genetic marker and prognostic model that can predict the Overall
Survival (OS) of HCC patients by bioinformatics methods. And this model could assist doctors to develop
more individualized treatment plans.

p53 and DNA damage-regulated gene 1 (PDRG1) is a small oncogenic protein of 133 residues, locating in Exon
5 of 20q11.21[2]. In normal human tissues, PDRG1 exhibits maximal expression in the testis and minimal
levels in the liver. Increased expression of PDRG1 has been detected in several tumor including lung, breast,
stomach, colon, rectum and ovary cancers[3–7]. PDRG1 expression was found to be correlated with higher or
more advanced tumor stages, suggesting it could play an important role in cancer progression[8]. PDRG1
expression protein has been found as an interaction target for methionine adenosyltransferase catalytic
subunits MATα1 and MATα2. through this interaction, PDRG1 downregulates nuclear S-adenosylmethionine
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synthesis, hence impacting epigenetic methylations. Silencing of PDRG1 expression in hepatoma cells alters
their steady-state expression pro�le on microarrays, downregulating genes associated with tumor
progression[9]. The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) database recently
shared good platforms and data for genomic analysis or biological molecular markers with scienti�c research
personnel[10]. In this research, we studied the expression level of PDRG1 in HCC patients, and then evaluated
its relationship with the occurrence and development of HCC so as to see whether PDRG1 is a suitable
diagnostic and prognostic biomarker for HCC.

Materials And Methods

Data Source
Gene expression data with clinical information from LIHC project (371cases, Work�ow Type: HTSeq-FPKM)
were collected from the Cancer Genome Atlas (TCGA). Then, level 3 HTSeq-FPKM (Fragments Per Kilobase per
Million) data were transformed into TPM (transcript per million reads) for the further analyses. Unavailable or
unknown clinical features were regarded as missing values. This study meets publication guidelines.

Clinical And Prognostic Statistical Analysis
The RNAseq data from TCGA and GTEx in TPM format was downloaded from UCSC XENA, which has been
uniformly processed by the Toil process [11]. We compared the expression of PDRG1 in normal samples from
GTEx combined with TCGA and HCC samples from TCGA by Wilcoxon rank sum test. Moreover, we also
compared the expression of PDRG1 in HCC tumor issues compared with 50 pairs non-cancerous adjacent
tissues using Wilcoxon signed rank test. Then, we analyzed the the relations between clinical pathologic
characteristics and the expression level of PDRG1 using Wilcoxon rank sum test, Kruskal-Wallis rank sum test
and logistic regression. Clinicopathological characteristics associated with Overall Survival from TCGA HCC
patients using Cox regression and Kaplan-Meier method. The variables with p < 0.1 in Cox regression will be
included in multivariate Cox regression to compare the in�uence of PDRG1 expression on Overall Survival of
HCC patients. The cut-off value of PDRG1 expression was determined by its median value. P-values less than
0.05 were considered signi�cant in all tests. All statistical analyses were conducted using R (version 4.0.2).

Identi�cation Of Degs
The differentially expressed genes were analyzed by HTSeq-Counts data with DESeq2 package, considering
|logFC| 2 and p. adj < 0.05 as the threshold of differential genes (DEGs). The results of difference expression
analysis are shown by volcano plot (Fig. 3A) and heatmap (Fig. 3B). A total of 436 differentially expressed
genes were identi�ed, of which 321 were up-regulated and 115 were down regulated. The top20 of DEGs
including PCSK1, SPHK1, WNT7B, RP11-863K10.7, TMEM132A, ITIH5, PEBP4, PLEKHB1, TTYH1, UCHL1, SPIB,
COL9A2, ZG16B, CTH, C19orf33, LAMP5, KIAA1549L, CXCL5, SIX2, PROM1.

Functional Enrichment Analysis (Go)
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To predict the function of enrichment information of interactive genes of PDRG1, GO enrichment analyses
were performed within Metascape. PDRG1 associated genes engaged in several BP, CCs, and MFs. We found
that pattern speci�cation process, skeletal system development, multicellular organismal homeostasis,
reproductive structure development, epithelial cell differentiation, sensory organ development, metanephros
development, gonadal mesoderm development, mesenchyme development, and negative regulation of cell
differentiation had signi�cant regulation by these genes. Moreover, digestive tract development, digestion,
ossi�cation, neuron fate speci�cation, sphingolipid biosynthetic process, activation of adenylate cyclase
activity, memory, stem cell proliferation, antimicrobial humoral response, regulation of blood pressure also
involved in the regulation of PDRG1 interactive genes (Fig. 4A).

To further capture the relationships between the terms, a subset of enriched terms had been selected and
rendered as a network plot, where terms with a similarity > 0.3 were connected by edges. We selected the terms
with the best p-values from each of the 20 clusters, with the constraint that there are no more than 15 terms
per cluster and no more than 250 terms in total. The network is visualized using Cytoscape, where each node
represents an enriched term and is colored by its p-value (Fig. 4B).

Gene Set Enrichment Analysis (Gsea)
As many pathways contribute to tumor formation, the poor survival associated with high PDRG1 expression
may be related to a number of signaling pathways activated in HCC. GSEA of differences between low and
high PDRG1 expression data sets was performed to identify the key signaling pathways associated with
PDRG1. We selected C2.cp.v7.0.symbols.gmt [Curated] in MSigDB Collections as the reference gene set, each
gene set contains at least 10 genes and no more than 500 genes, calculation times was set as 10000. P Value
less than 0.05 and False discovery rate(FDR)less than 0.25 were identi�ed as signi�cant differences.
Statistical analysis and graphical plotting were conducted using R package ClusterPro�ler (3.8.0). Among
them, there are 342 datasets satisfying. We selected visual datasets were KEGG_CELL_CYCLE (NES = 2.034, p.
adj = 0.004, FDR = 0.003), KEGG_DNA_REPLICATION (NES = 1.914, p. adj = 0.005, FDR = 0.004),
REACTOME_DNA_REPAIR(NES = 1.655, p. adj = 0.004, FDR = 0.003) (shown in Fig. 5). The results suggest that
the dataset is signi�cantly enriched in the left red (high PDRG1 expression group).

Ppi Network Analysis
Following elimination of the DEGs with different expression tendency and isolated nodes in the network, a
total of 177 nodes and 367 edges were included in the PPI network (Fig. 6). The CytoNCA plugin was used to
analyze the centrality of nodes. The top 10 proteins, which were also de�ned as crucial proteins based on four
different centrality parameters, were presented in Table 3, and they included SST, CALCA, GLP1R, AFP, FOXG1,
GAGE2A, DLX2, CDX2, SIX3, FOXG1, NTS.
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Table 3
The top 10 proteins ranked based on the node centrality of the PPI network

rank Degree centrality Betweenness
centrality

Closeness centrality Eigenvector centrality

Gene
symbol

Expression

in HCC

Gene
symbol

Expression

in HCC

Gene
symbol

Expression

in HCC

Gene
symbol

Expression

in HCC

1 SST up-
regulated

FOXG1 up-
regulated

SST up-
regulated

SST up-
regulated

2 CHGA up-
regulated

UNC5D down-
regulated

ASCL1 down-
regulated

CALCA down-
regulated

3 CALCA down-
regulated

EPHA6 up-
regulated

LHX8 up-
regulated

CHGA up-
regulated

4 GAD2 up-
regulated

EFNA5 up-
regulated

DLX2 up-
regulated

TAC1 up-
regulated

5 CT45A1 up-
regulated

ASCL1 down-
regulated

CHGA up-
regulated

DRD1 down-
regulated

6 TAC1 up-
regulated

PAGE1 up-
regulated

GAD2 up-
regulated

NTS up-
regulated

7 DRD1 down-
regulated

GAGE2A up-
regulated

CDX2 up-
regulated

GAST up-
regulated

8 GAST up-
regulated

GAD2 up-
regulated

SIX3 up-
regulated

CRHR1 up-
regulated

9 GLP1R up-
regulated

SST up-
regulated

FOXG1 up-
regulated

ADCY8 down-
regulated

10 AFP up-
regulated

DLX2 up-
regulated

DRD1 down-
regulated

GLP1R up-
regulated

Analysis of immune in�ltration and its correlation with PDRG1 expression

Spearman correlation was employed to show the association between the expression level (TPM) of PDRG1
and immune cell in�ltration level quanti�ed by ssGSEA in the HCC tumor microenvironment. As shown in Fig.
7A, we found that PDRG1 expression was positively correlated with NK, CD56 bright cells, Tfh, Th2 cells, and
negatively correlated with neutrophils, Th17 cells, Tgd, DCs, Tcm, eosinophils, cytotoxic cells. Then we studied
the relation between the expression level of PDRG1 and the in�ltration levels of Th2 cells by Spearman
correlation analysis (Fig. 7B). The results suggested that the expression level of PDRG1 was signi�cantly
correlated with the in�ltration levels of Th2 cells. The correlation coe�cient R was 0.349 (P < 0.001). Moreover,
we analyzed the difference of Th2 cells in�ltration level between PDRG1 high and low expression groups by
Wilcoxon rank sum test statistical method. The results were shown in Fig. 7C. The Th2 cells in�ltration level in
high expression group of PDRG1 were much more than the ones in low expression group, the result was
statistically signi�cant (p <0.001).
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Development of prognostic model based on PDRG1 and
clinicopathological factors
We analyzed the diagnostic e�cacy of PDRG1 in HCC patients by ROC analysis. The area under the curve
(AUC) of PDRG1 (Fig. 8) was 0.962 (CI: 0.943–0.982), representing a very e�cient ability to identi�ed HCC
patients from healthy people. Then, we used Kaplan-Meier Plotter to evaluate the prognostic value of PDRG1 in
HCC with OS by Survminer package. High expression of PDRG1 was associated with worse OS (HR = 1.98
(1.39–2.83), p < 0.001) (Fig. 9). Moreover, we used univariate Cox regression analysis on OS in HCC patients
with clinicopathological characteristics and PDRG1 expression. The variables with p value < 0.1 in univariate
Cox regression will be included in further analyzation by multivariate Cox regression. The results were showed
in Table 4. The variables that meet this threshold were T stage (p < 0.001), M stage (paired 0.018), Pathologic
stage (p < 0.001), Tumor status (p < 0.001), TP53 status (p = 0.069) and PDRG1 (p < 0.001). Furthermore,
multivariate Cox regression showed that Tumor status (P = 0.002) and PDRG1 (P = 0.024) were independent
prognostic factors in OS of HCC patients. Furthermore, we compared the correlation of PDRG1 expression and
OS of different clinicopathological subgroups in HCC patients (Fig. 10–11). It showed that high expression of
PDRG1 was correlated with worse OS in T1&T2 stage (HR=1.872, P 0.008), T3 stage (HR 2.541, P 0.004), N0
stage (HR 1.778, P 0.009), M0 stage (HR 2.093, P 0.001). These results suggested that PDRG1 expression
level can impact the prognosis in HCC patients with different pathological stages.

To provide clinicians with a quantitative approach to predict the prognosis of HCC patients, a nomogram
(Fig. 12) was constructed to integrate PDRG1 and another independent prognostic variable tumor status. In
this nomogram based on multivariate Cox analysis, a point scale was used to assign points to these variables.
A straight line was drawn upward to determine the points to these variables, and the sum of the points
assigned for each variable was rescaled to a range from 0 to 100. The range of available values of PDRG1
was from 0 to 78, it indicated that PDRG1 played an important role in the contribution to the OS of HCC
patients. The points of the variables were accumulated and recorded as the total points. A worse prognosis
was represented by a higher total number of points on the nomogram. The probability of HCC patient survival
at 1, 3 and 5 years was determined by drawing a vertical line from the total point axis straight downward to the
outcome axis. OS rate at 1, 3 and 5 years of HCC patients with tumor-free status in high expression of PDRG1
group were 0.86, 0.69, 0.54. The bias-corrected line in the calibration plot was found to be close to the ideal
curve (the 45-degree line), which indicated good agreement between the prediction and observation (Fig. 13).

Figure 11. Kaplan-Meier Plotter showed that high expression of PDRG1 was associated with worse Overall
Survival of HCC patients in different subgroups of clinicopathological factors. A. T1&T2 stage (HR=1.872,
P 0.008); B. T3 stage (HR 2.541, P 0.004); C. N0 stage (HR 1.778, P 0.009); D. M0 stage (HR 2.093, P 0.001).

Figure 13: Calibration plot of the nomogram for predicting the probability of OS at 1, 3, and 5 years. red line: 1-
year OS; blue line: 3-year OS; green line: 5-year OS; grey line: ideal line.
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Table 4
univariate / multivariate Cox regression analysis on Overall Survival in HCC patients

Characteristics Total(n) Univariate analysis Multivariate analysis

HR (95% CI) P
value

HR (95% CI) P
value

T stage (T3&T4 vs. T1&T2) 367 2.540(1.785–
3.613)

< 
0.001

1.668(0.222–
12.539)

0.619

N stage (N1 vs. N0) 256 2.004(0.491–
8.181)

0.333    

M stage (M1 vs. M0) 270 4.032(1.267–
12.831)

0.018 1.310(0.308–
5.577)

0.715

Pathologic stage (Stage III &Stage IV vs.
Stage I &Stage II)

346 2.449(1.689–
3.549)

< 
0.001

1.450(0.194–
10.808)

0.717

Residual tumor (R1&R2 vs. R0) 341 1.571(0.795–
3.104)

0.194    

Histologic grade (G3&G4 vs. G1&G2) 365 1.120(0.781–
1.606)

0.539    

Gender (Male vs. Female) 370 0.816(0.573–
1.163)

0.260    

Age (> 60 vs. <=60) 370 1.248(0.880–
1.768)

0.214    

Race (White vs. Asian &Black or African
American)

358 1.245(0.867–
1.789)

0.235    

Weight (> 70 vs. <=70) 343 0.916(0.640–
1.312)

0.634    

Height ( > = 170 vs. < 170) 338 1.208(0.833–
1.753)

0.319    

Adjacent hepatic tissue in�ammation
(Mild &Severe vs. None)

233 1.228(0.755–
1.997)

0.409    

AFP (ng/ml) (> 400 vs. <=400) 277 1.056(0.646–
1.727)

0.827    

Albumin(g/dl) (< 3.5 vs. >=3.5) 296 1.085(0.665–
1.771)

0.743    

Prothrombin time ( < = 4 vs. >4) 293 0.752(0.496–
1.140)

0.179    

Child-Pugh grade (B&C vs. A) 238 1.616(0.797–
3.275)

0.183    

Fibrosis ishak score (3/4&5/6 vs. 1/2) 137 0.806(0.375–
1.737)

0.583    

Vascular invasion (Yes vs. No) 314 1.348(0.890–
2.042)

0.159    
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Characteristics Total(n) Univariate analysis Multivariate analysis

HR (95% CI) P
value

HR (95% CI) P
value

Tumor status 351 2.361(1.620–
3.441)

< 
0.001

2.189(1.328–
3.608)

0.002

TP53 status (Mut vs. WT) 357 1.434(0.972–
2.115)

0.069 1.460(0.870–
2.451)

0.152

PDRG1 (High vs. Low) 370 1.984(1.391–
2.828)

< 
0.001

1.747(1.077–
2.835)

0.024

Construction And Evaluation Of The Nomogram
we compared PDRG1 expression in patients with HCC and healthy people, and evaluated the discrimination
ability of PDRG1 in HCC by receiver operating characteristic (ROC) analysis using pROC package[23]. The
computed area under the curve (AUC) value ranging from 0.5 to 1.0 indicates the discrimination ability from 50
to 100%. All statistical tests were two tailed with a statistical signi�cance level set at 0.05 in this study.

To individualize the predicted survival probability for 1 year, 3 years and 5 years, a nomogram was constructed
based on the results of the multivariate analysis. The rms R package (version 6.0–1) was used to generate a
nomogram that included signi�cant clinical characteristics and calibration plots. Calibration and
discrimination are the most commonly used methods for evaluating the performance of models. In this study,
the calibration curves were graphically assessed by mapping the nomogram predicted probabilities against
the observed rates, and the 45° line represented the best predictive values.

Statistical analysis
All the data were presented as mean ± SD. OS was calculated by the Kaplan Meier method and analyzed with
the log-rank test. The univariate and multivariate analyses were calculated based on the Cox regression model.
The statistical analysis was performed as appropriate by chi-square test and t-test. The P value of the test was
2-tailed with a level of signi�cance (α) = 0.05. The P-value < 0.05 were considered statistically signi�cant.

Results

Identi�cation of high expression of PDRG1 in HCC tumor
tissue
The RNAseq data from TCGA and GTEx in TPM format was downloaded from UCSC XENA, which has been
uniformly processed by the Toil process [11]. We compared the expression of PDRG1 in normal samples from
GTEx combined with TCGA and HCC samples from TCGA by Wilcoxon rank sum test (Fig. 1A). It was found
that PDRG1 showed signi�cantly higher expression in tumor tissues than in normal tissues (P < 0.001).
Moreover, we also analyzed the expression of PDRG1 in HCC tumor issues compared with 50 pairs of non-
cancerous adjacent tissues using Wilcoxon signed rank test (Fig. 1B). It was found that the expression of
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PDRG1 was signi�cantly higher in HCC tumor tissues than non-cancerous adjacent tissues, and the result was
statistically signi�cant (p < 0.001).

Clinical Characteristics
The data were collected from TCGA on June 2020 and included 371 HCC patients with clinical characteristics
and PDRG1 expression data. According to the expression level of PDRG1, the patients were divided into two
groups: high expression of PDRG1 and low expression of PDRG1, considering the median was cut-off point.
The characteristics of HCC patients including gender, race, age, height, weight, TNM stage, pathologic stage,
residual tumor, histologic grade, adjacent hepatic tissue in�ammation, Child-Pugh grade, �brosis ishak score,
vascular invasion, tumor status, TP53 status, AFP (ng/ml), albumin (g/dl) and prothrombin time were collected
(Table 1). The data were analyzed by chi-square test or t-test. It showed that there were no signi�cant
differences in variables including gender (p = 0.484), race (p = 0.644), age (p = 0.275), height (p = 0.219), weight
(p = 0.15), N stage (p = 0.368), M stage (p = 1), adjacent hepatic tissue in�ammation (p = 0.246), Child-Pugh
grade (p = 0.65), tumor status (p = 0.069), albumin (p = 0.559) and prothrombin time (p = 0.106) in groups with
high/low expression of PDRG1. There were signi�cant differences in variables including T stage (p = 0.006),
pathologic stage (p = 0.018), residual tumor (p = 0.024), histologic grade (p < 0.001), �brosis ishak score (p = 
0.019), vascular invasion (p = 0.008), TP53 status (p < 0.001), AFP (p < 0.001).

Then we used Kruskal-Wallis rank sum test to compare the relation between expression of PDRG1 and
clinicopathological features in HCC patients (Fig. 2). It showed that the expression of PDRG1 in HCC patients
were signi�cantly associated with T stage (p = 0.006), pathologic stage (p = 0.012), residual tumor (p = 0.121),
histologic grade (p < 0.001), AFP (p < 0.001), �brosis ishak score (p = 0.007), vascular invasion (p = 0.035),
TP53 status (p < 0.001). Moreover, we used Logistics regression to analyze the relationship between
clinicopathological features of HCC patients and PDRG1 high/low 2 classi�cation (Table 2). We found that
PDRG1 expression was signi�cantly associated with T stage (p = 0.049), residual tumor (p = 0.047), histologic
grade (p < 0.001), vascular invasion (p = 0.006), TP53 status (p < 0.001), and AFP (p < 0.001).
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Table 1
Clinical Characteristics

Characteristics level Low
expression

of PDRG1

High
expression

of PDRG1

p Test*

T stage (%) T1 107(58.5%) 74(40.0%) 0.006  

T2 38(20.8%) 56(30.3%)    

T3 33(18.0%) 47(25.4%)    

T4 5(2.7%) 8(4.3%)    

N stage (%) N0 128(99.2%) 124(97.6%) 0.368 exact

N1 1(0.8%) 3(2.4%)    

M stage (%) M0 136(98.6%) 130(98.5%) 1.000 exact

M1 2(1.4%) 2(1.5%)    

Pathologic stage (%) Stage I 99(57.2%) 72(41.4%) 0.018 exact

Stage II 37(21.4%) 49(28.2%)    

Stage III 34(19.7%) 51(29.3%)    

Stage IV 3(1.7%) 2(1.1%)    

Residual tumor (%) R0 171(97.2%) 153(92.2%) 0.024 exact

R1 4(2.3%) 13(7.8%)    

R2 1(0.6%) 0(0.0%)    

Histologic grade (%) G1 39(21.2%) 16(8.8%) < 
0.001

 

G2 94(51.1%) 83(45.6%)    

G3 49(26.6%) 73(40.1%)    

G4 2(1.1%) 10(5.5%)    

Gender (%) Female 57(30.6%) 64(34.6%) 0.484  

Male 129(69.4%) 121(65.4%)    

Race (%) Asian 74(41.6%) 84(46.4%) 0.644 exact

Black or African
American

9(5.1%) 8(4.4%)    

White 95(53.4%) 89(49.2%)    

* classi�cation variables use chi-square test for statistical analysis, and “exact” indicates that the
statistical method is Fisher's exact test. Numerical variables use t-test for statistical analysis, "nonnorm" is
represented as a non-normal distribution, and Wilcoxon rank sum test is used for statistical analysis.
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Characteristics level Low
expression

of PDRG1

High
expression

of PDRG1

p Test*

Adjacent hepatic tissue
in�ammation (%)

Mild 50(37.6%) 49(48.5%) 0.246  

None 72(54.1%) 45(44.6%)    

Severe 11(8.3%) 7(6.9%)    

Child-Pugh grade (%) A 109(89.3%) 108(92.3%) 0.650 exact

B 12(9.8%) 9(7.7%)    

C 1(0.8%) 0(0.0%)    

Fibrosis ishak score (%) 0 49(40.5%) 25(27.5%) 0.019  

1/2 14(11.6%) 17(18.7%)    

3/4 10(8.3%) 18(19.8%)    

5/6 48(39.7%) 31(34.1%)    

Vascular invasion (%) No 117(72.7%) 89(57.8%) 0.008  

Yes 44(27.3%) 65(42.2%)    

Tumor status (%) Tumor free 110(62.1%) 91(52.0%) 0.069  

With tumor 67(37.9%) 84(48.0%)    

TP53 status (%) Mut 33(18.2%) 69(39.0%) < 
0.001

 

WT 148(81.8%) 108(61.0%)    

Age (median [IQR])   60.0[51.0,
68.0]

61.5[52.0,
69.0]

0.275 nonnorm

Height (median [IQR])   168.0[160.5,
175.0]

167.0[161.8,
172.0]

0.219 nonnorm

Weight (median [IQR])   71.5[59.0,
85.0]

68.5[59.0,
80.0]

0.150 nonnorm

AFP (ng/ml) (median [IQR])   8.0[3.0, 47.8] 30.0[6.0,
2212.5]

< 
0.001

nonnorm

Albumin(g/dl) (median [IQR])   4.0[3.4, 4.3] 4.0[3.5, 4.3] 0.559 nonnorm

Prothrombin time (median
[IQR])

  1.1[1.0, 9.8] 1.1[1.0, 8.7] 0.106 nonnorm

* classi�cation variables use chi-square test for statistical analysis, and “exact” indicates that the
statistical method is Fisher's exact test. Numerical variables use t-test for statistical analysis, "nonnorm" is
represented as a non-normal distribution, and Wilcoxon rank sum test is used for statistical analysis.
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Table 2
Logistics regression analyzed the relationship between clinicopathological features of HCC patients and two

classi�cations of high / low PDRG1 expression
Characteristics Odds Ratio in PDRG1

expression
Odds Ratio
(OR)

P
value

T stage (T3&T4 vs. T1&T2) 368 1.61(1.01–
2.61)

0.049

N stage (N1 vs. N0) 256 3.10(0.39–
63.07)

0.330

M stage (M1 vs. M0) 270 1.05(0.12–
8.82)

0.964

Pathologic stage (Stage III & Stage IV vs. Stage I &
Stage II)

347 1.61(0.99–
2.63)

0.055

Residual tumor (R1&R2 vs. R0) 342 2.91(1.07–
9.23)

0.047

Histologic grade (G3&G4 vs. G1&G2) 366 2.19(1.42–
3.39)

< 
0.001

Adjacent hepatic tissue in�ammation (Mild &
Severe vs. None)

234 1.47(0.87–
2.48)

0.147

AFP (ng/ml) (> 400 vs. <=400) 278 3.26(1.82-
6.00)

< 
0.001

Child-Pugh grade (B&C vs. A) 239 0.70(0.28–
1.69)

0.430

Fibrosis ishak score (3/4&5/6 vs. 1/2) 138 0.70(0.31–
1.55)

0.376

Vascular invasion (Yes vs. No) 315 1.94(1.22–
3.13)

0.006

Tumor status (With tumor vs. Tumor free) 352 1.52(0.99–
2.32)

0.055

TP53 status (Mut vs. WT) 358 2.87(1.78–
4.69)

< 
0.001

Discussion
The cloning and characterization of PDRG was �rst reported by X Luo et al [2]on 2003. In normal human
tissues, PDRG exhibited maximal expression in the testis and minimal levels in the liver. PDRG mRNA would be
upregulated by genotoxic stress containing ultraviolet radiation and the transcription factor Oct-1 via Oct-1
binding element located at -689/-683[2, 24], but it would be downregulated by tumor suppressor p53 though
directly binding to p53 binding element located at -240/-214[25–27] or p53 transcriptional repressor element
(TRE, located at -854/-834[28]) such as p21, PIG-3, PTGF-b1. PDRG1 is a nucleocytoplasmic protein of the
R2TP/prefoldin-like complex that has been found as part of different multiprotein complexes[29, 30]. Previous
studies on PPI involving PDRG1 identi�ed that the PDRG1 protein has been found as part of the RNA
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polymerase  complex[29], and the URI/prefoldin complex involved in nutrient signaling[30–32]. It may have a
role in chromatin remodeling, splicing and apoptosis[3, 33–35]. Moreover, studies also showed that PDRG1
was involved a variety of cellular physiological activities, such as apoptosis, DNA damage repair, cell cycle
regulation and promoting programmed cell death after growth factor starvation[2]. Zhang W et.al found that
PDRG1 plays an important role in diapause termination and cell cycle regulation in early embryonic
development of Artemia sinica[36]. The expression of PDRG1 was upregulated in several tumors including
colon (82%), rectum (78%), ovary (71%), lung (70%), stomach (68%), breast (63%) and uterus (62%) when
compared with their matched normal tissues[3]. It suggested that PDRG1 may be a high-value novel tumor
marker which could play an important role in cancer development and/or progression. Recent study indicated
that miR-214 could exert tumor-suppressive effects in bladder cancer by directly down-regulating oncogene
PDRG1[8]. Correlation of elevated PDRG1 and GLUT1 expression with poor pathological response has been
reported in residual rectal cancer cells after pre-operative chemotherapy[7]. Moreover, it was reported that
Oleuropein enhances radiation sensitivity of nasopharyngeal carcinoma by downregulating PDRG1 through
HIF1α-repressed microRNA-519d[37]. But there were fewer researches focused on the expression of PDRG1 in
HCC patients. In this study, we demonstrated that the expression of PDRG1 was higher in HCC tissues in
contrast to normal liver tissues, the result was consistent with previous studies on PDRG1 in other tumors.
High expression of PDRG1 in HCC patients was signi�cantly correlated with adverse clinicopathological
features, such as advanced T stage, residual tumor, histologic grade and vascular invasion. These results
suggested that PDRG1 may play a role in the development of HCC. In order to investigate the role of PDRG1 in
hepatocellular carcinoma, we performed GO analyses on PDRG1 co-expressed genes and found that PDRG1
participated in biological processes including pattern speci�cation process, skeletal system development,
multicellular organismal homeostasis, reproductive structure development, epithelial cell differentiation,
sensory organ development, metanephros development, gonadal mesoderm development, mesenchyme
development, and negative regulation of cell differentiation. In order to explore the underlying molecular
mechanisms of PDRG1 in HCC patients, we conduct GSEA comparing the high/low expression of PDRG1 in
HCC patients, and we found that PDRG1 participated in the DNA repair, DNA replication and cell cycle, the
result was consistent with previous studies. PDRG1 protein was found as an interaction target for the catalytic
subunits of methionine adenosyltransferases, indicated that it could downregulated the S-adenosylmethionine
synthesis, resulting in reduced DNA methylation levels[9]. Previous study had indicated that S-
adenosylmethionine and Methylthioadenosine were proapoptotic in human Hepatoma Cells (HepG2 cell)[38].
Increased expression of PDRG1 have been associated with several types of tumors that concomitantly show
global DNA hypomethylation, highlighting the importance of this interaction as one of the putative underlying
causes for cell transformation[39]. Moreover, PDRG1 played a valuable role in controlling cell growth
regulation involved in apoptosis and cell cycle regulation via interaction with proteins such as PDCD7, MAP1S,
CIZ[3]. PDRG1 could promote radioresistance involved the ATM/p53 signaling pathway in lung cancer[4].
Speci�c PDRG1 gene silencing may inhibit the growth and metastasis of gastric cancer cells through the
activation of ATM/p53 pathway[6],so we speculate that it could play a similar role in hepatocellular
carcinoma.

According to degree centrality and molecular module analysis of differentially expressed proteins in the PPI
network, the crucial proteins including SST, CALCA, GLP1R, AFP, FOXG1, GAGE2A, DLX2, CDX2, SIX3, FOXG1,
NTS were identi�ed. Here, we talked about 3 proteins including SST, CALCA, FOXG1. Somatostatin (SST) acts
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as an inhibitory peptide of various secretory and proliferative processes. SST and its analogues were found
involving growth arrest and apoptotic actions mediated directly by SSTR present on tumor cells and indirectly
via SSTR present on a nontumor cell target [40–42]. LincRNA-CALCA was reported as one of the most
downregulated lincRNA in cell line HCCLYM-H2(H2), which showed stable and high metastatic potential
speci�c to the lymph nodes[43]. Forkhead box G1 (FOXG1) is a member of the Fox transcription factor family
involved in regulation of many cancers. It was reported that FOXG1 played a key role in mediating cancer cell
metastasis through the Wnt/β-catenin pathway in HCC cells and predicted HCC prognosis after surgery[44].

Tumor-associated immune response plays a critical role in cancer pathogenesis. Here, we performed
Spearman correlation to show the association between the expression level of PDRG1 and immune cell
in�ltration level quanti�ed by ssGSEA in the HCC tumor microenvironment. The result indicated that high
expression of PDRG1 was signi�cantly correlated with Th2 cells level in HCC patients. Signi�cantly increased
of Th2 response would change the Th1/Th2 balance, induced an adverse immunologic effect on HCC
prognosis. However, the speci�c molecular mechanism of PDRG1 and immune cell in�ltration in HCC is still
unclear, which needs further experimental con�rmation.

Moreover, we demonstrated that Tumor status and PDRG1 were independent prognostic factors in OS of HCC
patients. Therefore, we propose a comprehensive assessment that combines Tumor status and PDRG1. The
calibration curve showed satisfactory agreement between the observed values and the predicted values for 1-,
3-, and 5-year OS. In summary, these �nding suggested that the nomogram base on PDRG1 and tumor status
was a well model for predicting short-term or long-term survival in HCC patients.

In addition, several limitations should be mentioned. Firstly, this study lacked further experimental veri�cation
of the effects on the expression and functions of PDRG1 in HCC. Secondly, the speci�c molecular mechanism
of PDRG1 in the development and progression in HCC is still unclear, which needs further experimental
con�rmation. Thirdly, our studies were only based on single-gene PDRG1, and it can’t be measured in serum.
Whether it can improve the diagnostic and prognostic e�cacy of hepatocellular carcinoma when analyze
PDRG1 combined with other genes, it need be further researched.

Conclusion
Our study demonstrated the potential signi�cance of PDRG1 expression in the diagnosis and prognosis of
HCC and further explored the function in HCC. Further study is still needed in order to con�rm these results.
The underlying mechanism revealed by these results provides a basis for PDRG1 as a new molecular target for
the prevention and treatment of HCC.

Abbreviations
PDRG1
p53 and DNA damage-regulated gene 1; HCC:Hepatocellular carcinoma; Gene set enrichment analysis (GSEA);
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Figures

Figure 1

(A) PDRG1 showed signi�cantly higher expression in cancer tissues than in normal tissues (P <0.001). (B)
PDRG1 was prominently overexpressed in HCC (P <0.001) compared with 50 pairs non-cancerous adjacent
tissue using Wilcoxon singed rank test (P <0.001).
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Figure 2

Correlation between PDRG1 expression and clinicopathological features in HCC patients was analyzed by
Kruskal-Wallis rank sum test. A: T stage (p=0.006); B: pathologic stage (p=0.012); C: residual tumor (p=0.121);
D: histologic grade (p<0.001); E: AFP (p<0.001); F: �brosis ishak score (p=0.007); G: vascular invasion
(p=0.035); H: TP53 status (p<0.001).
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Figure 3

(A) volcano plot of DEGs. (B) heatmap of top 20 DEGs

Figure 4

(A) Bar graph of enriched terms across input gene lists, colored by p-values. (B) Network of enriched terms:
colored by p-value, where terms containing more genes tend to have a more signi�cant p-value.
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Figure 5

Enrichment plots from the gene set enrichment analysis GSEA . The reference gene set is
h.all.v7.0.symbols.gmt [Hallmarks]. (A) KEGG_CELL_CYCLE, NES=2.034, p. adj=0.004, FDR=0.003. (B)
KEGG_DNA_REPLICATION, NES=1.914, p. adj=0.005, FDR=0.004. (C) REACTOME_DNA_REPAIR, NES=1.655, p.
adj=0.004, FDR=0.003. The results suggest that the dataset is signi�cantly enriched in the left red (high
PDRG1 expression group). NES, normalized ES; p. adj, adjust p value; FDR, false discovery rate.
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Figure 6

PPI network of DEGs was constructed using Cytoscape including 177 nodes and 367 edges. Downregulated
genes are marked in dark red; Upregulated genes are marked in light blue.
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Figure 7

The expression level of PDRG1 was associated with the immune in�ltration in the tumor microenvironment.
(A) Correlation between the relative abundances of 24 immune cells and PDRG1 expression level. The size of
dots shows the correlation coe�cient r of spearman. The color shows the P value. The threshold of P value
was 1, and threshold of the correlation coe�cient was 0. DCs, Dendritic cells; aDCs, activated DCs; iDCs,
immature DCs; Th, helper T cells; Treg, Regulatory T cells; T regular; Tgd, T gamma delta; Tcm, T central
memory; Tem, T effector memory; Tfh, T follicular helper. (B) Correlation between the expression level of
PDRG1 and in�ltration levels of Th2 cells. The correlation coe�cient R was 0.349 (P < 0.001). (C) The
difference of Th2 cells in�ltration level between PDRG1 high and low expression groups was analyzed by
Wilcoxon rank sum test statistical method, and the result was statistically signi�cant (p < 0.001).
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Figure 8

ROC curve of PDRG1 expression in HCC patients and healthy people; Abscissa: False Positive Rate (FPR);
vertical coordinate: True Positive Rate (TPR).
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Figure 9

Kaplan-Meier Plotter of Overall Survival in HCC patients with high- or low-expression of PDRG1. The bottom
half of the �gure shows in risk table, recorded the number of patients who are still following at each point in
time.

Figure 10

correlation of PDRG1 expression and Overall Survival of different clinicopathological subgroups in HCC
patients.

Figure 11

Kaplan-Meier Plotter showed that high expression of PDRG1 was associated with worse Overall Survival of
HCC patients in different subgroups of clinicopathological factors. A. T1&T2 stage (HR 1.872, P 0.008); B. T3
stage (HR 2.541, P 0.004); C. N0 stage (HR 1.778, P 0.009); D. M0 stage (HR 2.093, P 0.001).
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Figure 12

A nomogram predicting overall survival rates of HCC patients based on tumor stage and PDRG1
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Figure 13

Calibration plot of the nomogram for predicting the probability of OS at 1, 3, and 5 years. red line: 1-year OS;
blue line: 3-year OS; green line: 5-year OS; grey line: ideal line.


