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Prefoldins (PFDNs), a group of proteins known to be associated with
cytoskeletal rearrangement, are involved in tumor progression in various
cancer types. However, little is known about the roles of PFDNs in
hepatocellular carcinoma (HCC). Herein, we investigated the transcriptional
and survival data of PFDNs from The Cancer Genome Atlas (TCGA) database.
Gene Ontology (GO), Gene Set Enrichment Analysis (GSEA), and single-sample
gene set enrichment analysis (ssGSEA) were used to evaluate the potential
functions of PFDN1/2/3/4. We also detected the expression of PFDN1/2/3/4 via
immunohistochemistry (IHC), Western blotting, and real-time PCR in our
clinical samples. We found that the PFDN family showed elevated expression
in HCC tissues, while only PFDN1/2/3/4 were found to be significantly
correlated with poor prognosis of patients with HCC in the TCGA database.
Further investigation was associated with PFDN1-4. We found that the
expression of PFDN1/2/3/4 was significantly associated with advanced
clinicopathologic features. Apart from the TCGA database, IHC, real-time
PCR, and immunoblotting identified the overexpression of PFDN1/2/3/4 in
HCC tissues and HCC cell lines. Taken together, these results indicated that
PFDN1/2/3/4 might be novel prognostic biomarkers and treatment targets for
patients with HCC.
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Introduction

Primary liver cancer is the sixth most common malignant tumor
and ranks fourth in cancer-related death worldwide (Villanueva,
2019). More than 1 million patients are estimated to die from liver
cancer in 2030, based on annual projections from the World Health
Organization. Hepatocellular carcinoma (HCC) is the most
common type of liver cancer because of hepatitis virus (HBV
and HCV) infection, alcohol abuse, or non-alcoholic fatty liver
disease (NAFLD) (Geier et al., 2002; Craig et al., 2020). Although
significant progressions in treatment methods have been achieved,
HCC patients who underwent liver surgery are more likely to suffer
from postoperative recurrence and distant metastasis, and their 5-
year overall survival is less than 20% (Ji and Wang, 2012; Llovet et al,
2015). In addition, due to lack of sensitive diagnostic markers,
patients with HCC are more likely to be diagnosed at advanced
stages and lose treatment opportunities. Thus, we must improve the
diagnosis and treatment of patients with liver cancer by identifying
novel biomarkers and exploring the molecular mechanisms of HCC.

Prefoldins (PFDNs), which contain six different subunits
(PFDN1-6), are a jellyfish-like co-chaperone promoting correct
protein synthesis in the cytosol, especially actin and tubulin
monomers (Vainberg et al, 1998). PFDNs in chaperonin-
mediated folding are not only specific to cytoskeleton
components but are also involved in assembling cytoplasmic
complexes and maintaining the stability of functional proteins. In
addition to these functions, members of the PFDN family also
participate in regulating the transcription of genes in the nucleus,
including removal of HIV integrase and repression of c-Myc (Mori
et al,, 1998; Boulon et al,, 2012; Payan-Bravo et al., 2018; Esteve-
Bruna et al, 2020). A recent study reported that the family of
prefoldins regulates co-transcriptional pre-mRNA splicing by
supporting the recruitment of the splicing machinery to the
human genome during transcript elongation (Payan-Bravo et al,
2021).

Therefore, the dysregulated expression of PFDN may lead
to various diseases (Mo et al., 2020). Every subunit of PFDN
has different functions, and their roles in cancer seem
contradictory. For example, PFDN1 promotes EMT and
lung cancer development by suppressing the expression of
cyclin A mRNA and enhances colorectal cancer progression
via cytoskeletal reorganization (Wang et al., 2015; Wang et al.,
2017). PFDN2 disturbs the organization of the tubulin
cytoskeleton by interacting with hepatitis C virus F protein
and predicts a poor prognosis for patients with gastric cancer
(Tsao et al.,, 2006; Yesseyeva et al., 2020). PFDN3, also known
as von Hippel-Lindau (VHL)-binding protein 1 (VBP1),
represses cancer metastasis by enhancing HIF-la
degradation induced by pVHL (Kim et al., 2018). High
PFDN4 expression predicts better prognosis of patients
with 2010).
PFDN5 accelerates cell migration by contributing to

colorectal cancer (Miyoshi et al,

filopodium formation and promotes degradation of c-Myc
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by recruiting an E3 ubiquitin ligase complex (Kimura et al.,
2007; Fan et al, 2020). In addition, PFDN6 serves as a
potential biomarker of the prognosis of childhood acute
lymphoblastic leukemia (ALL) and might predict the
efficacy of chemotherapy (Dehghan-Nayeri et al, 2017).
PFDN2, PFDN6, and PFD-like proteins (URI, UXT, and
PDRG1) form a noncanonical complex that acts as a co-
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FIGURE 1

Differential expression levels of the PFDN family. (A)
Transcription levels of the PFDN family in different cancers
(Oncomine). (B,C) Expression levels of the PFDN family in HCC.
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chaperone of Hsp90 (Houry et al., 2018). Nevertheless,
potential research on the PEDN family in HCC is still limited.

This study aimed to investigate the prognostic value and
potential function of the PFDN family in HCC using gene
sequencing technology and bioinformatics analysis. Based on
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clinicopathological parameters and survival information from
The Cancer Genome Atlas (TCGA), we comprehensively
analyzed the relationship between the six PFDN members and
HCC. Clinical samples from patients with HCC were subsequently
used to analyze the differential expression of PFDN1-4.
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Prognostic value of the mRNA level of the PFDN family in HCC (Kaplan—Meier Plotter). (A) Higher expression of PFDN1 was significantly
associated with OS and PFI of patients with HCC. (B) Higher transcriptional expression of PFDN2 was significantly associated with OS and DSS of
patients with HCC. (D,E) Higher expression of VBP1 and PFDN4 was significantly associated with OS, PFl, and DSS of patients with HCC. (F,G)
However, PFDN5 and PFDN6 mRNA expression showed no correlations with prognosis of patients with HCC.(a)(b)

Materials and methods

Data and preprocessing

The mRNA expression data and clinicopathological
with  HCC
374 tumors and 50 normal tissues) were downloaded from

information for  patients
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(containing

TCGA
criteria were OS less than 30 days and normal HCC
tissues. Then, the FPKM information of 374 HCC samples
was further analyzed. Unknown and unavailable clinical

(https://portal.dgc.cancer.gov/). Exclusion

parameters from 374 samples were considered missing
values, and the information is shown in Supplementary
Table S1.
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Expression of the PFDN family in HCC
samples from the Oncomine and TCGA
datasets

Oncomine datasets (https://www.oncomine.org/resource/
login.html) were used to analyze the PFDN mRNA expression
levels in different cancers. The transcriptional expression of
PEDNs in tumor specimens was compared with those in
normal tissues or adjacent normal tissues in the TCGA
database, using Wilcoxon rank sum tests or Wilcoxon signed-
rank tests. Using the pROC (1.17.01) package, a receiver
operating characteristic (ROC) curve was constructed to
the of the PFDN family
discriminating patients with HCC. Based on statistical

evaluate performance in
ranking, PFDN1 expression greater or less than the median
was recognized as the PFDNI-high or PFDNI-low group.
Applying the DEseq2 (4.0) package and Student’s t test,
differentially expressed genes (DEGs) from TCGA between
the PEDN1-low and PFDNI-high groups were analyzed, using
an absolute log(FC) greater than 1.5 and adj p-value < 0.05. The
other three genes (PFDN2-4) were analyzed using similar
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The DEGs of PFDNI1/2/3/4
Supplementary Table S2-S5.

methods. are shown in

Clinical analysis of the prognosis and
pathological parameters associated with
PFDN1-4

The survival curve was generated using the survival R package
(3.2-10) and the survminer R package (0.4.9). The relationships
between clinicopathological characteristics and PFDN1-4 expression
were determined using the Kruskal-Wallis test or Wilcoxon signed-
rank test and logistic regression analysis.

Analysis of immune cell infiltration

Based on the TCGA database, we performed single-sample gene
set enrichment analysis (ssGSEA) from “GSVA” (R package) to
quantify the relative infiltration of 24 types of immunocytes (Bindea
et al,, 2013; Hanzelmann et al, 2013). Spearman’s correlation and
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Wilcoxon rank sum tests were used to investigate the correlations
between PFDN1-4 expression and different immune cells, as well as
the association of infiltration of Th2 and Tth cells with high- and low-
expressing PFDN (PFDN1-4) groups.

Construction of the PPl network and gene
set enrichment analysis
A PFDNI1-4-related protein-protein interaction (PPI)

network was constructed using the Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING) database
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(https://string-db.org/) (Szklarczyk et al., 2019) to explore the
connections between PFDN1-4 and other genes. A minimum
required interaction score >0.7 and Cytoscape 3.7.1 (Shannon
et al., 2003) were applied to visualize these interactions and
further identify the key genes related to PFDN1-4. In addition,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genome (KEGG) analyses were performed on key genes with
the package R “clusterProfiler” to identify potential biological
functions affected by PFDN1-4 (Yu et al., 2012). In this study,
GSEA was performed using the Molecular Signatures
Database (MSigDB). The differences
between the PFDNI1-low and PFDNI-high group were

in biofunctions
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analyzed by the R package clusterProfiler. An adjust p-value <
0.05 and false discovery rate (FDR) q-value<0.25 were deemed
identify associated biological
pathways. The other three genes (PFDN2-4) were analyzed
using similar methods.

criteria  to significantly

Construction and evaluation of the
nomogram and prognostic model

Based on a multivariate Cox regression analysis, a nomogram
was constructed to predict 1-year, 3-year, and 5-year survival
probabilities. We used the rms R package to construct the
nomogram. The Hmisc R package was used to evaluate the
C-index and calibration plot. In this study, we applied the
C-index the ability  with
1000 bootstrap resamples.

to determine discrimination

Hepatocellular carcinoma specimens and
hepatocellular carcinoma cells

We collected paired HCC and adjacent noncancerous tissue
from patients who underwent surgical resection at the First
Affiliated Hospital of Harbin Medical University between May
2020 and May 2021. Ethical approval was obtained from The
First Affiliated Hospital of Harbin Medical University Research
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Ethics Committee, and informed consent was obtained from each
patient. The human HCC cell lines HepG2, Huh7, SK-Hep-1,
HCCLM3, and Bel-7402 were obtained from the Chinese
Academy of Science (Shanghai, China). Normal WRL-68 liver
cells were obtained from AcceGen (Fairfield, United States). All
cell lines were cultured in Dulbecco’s modified Eagle’s medium
(Gibco, United States) supplemented with 10% fetal bovine serum
(Gibco, United States), 100 U/mL penicillin, and 100 pg/ml
streptomycin. All cells were incubated in incubators containing
5% CO, at 37°C.

Quantitative real-time PCR and
immunoblotting analysis

Quantitative real-time PCR and Western blot analyses were
performed as previously described (Wang et al., 2021). Detailed
information about the primers used for quantitative real-time
PCR is given in Supplementary Table S6. Information regarding
all primary antibodies used in this study is given in
Supplementary Table S7.

Immunohistochemical staining

After a series of processes including dewaxing, rehydration in
a graded series of alcohol solutions, antigen retrieval, and
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All statistical analyses were conducted with R (version 3.6.3).

One-way analysis of variance (ANOVA) and two tailed Student’s

t test were used to analyze the data. All figures were plotted using

the R package ggplot2 (3.3.3). p-value of< 0.05 was considered

statistically significant.
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Enrichment plots from GSEA and PPl network of PFDN1/2/3/4. Results of GSEA showed that cell cycle checkpoint, G2-M phases, Rho GTPase
activation, and GPCR ligand binding were overlapping functions with PFDN1/2/3/4 alterations. These functions also were significantly enriched in the
high-PFDN1 expression group (A), in the high-PFDN2 expression group (B), in the high-PFDN3 expression group (C), and in the high-PFDN4
expression phenotype (D). (E) Cytoscape MCODE app selected 50 genes. (F) GO analysis of PFDN1-/2-/3-/4-related genes.(a)(b)

Results

Increased expression of the PFDN family in
hepatocellular carcinoma patients

First, the Oncomine database was chosen to compare the
mRNA levels of the PFDN family between tumor and normal
tissues. The results showed increased expression of the PFDN family
in multiple cancer tissues (Figure 1A). The Oncomine analysis also
indicated that PFDN3/4 was significantly overexpressed in HCC
tissues, with fold changes of 2.364 and 2.758 and p-value of 4.76E-
66 and 6.50E-71, in the Roessler Liver 2 dataset (Roessler et al,
2010). In the Roessler Liver dataset, PFDN4 was also overexpressed
in HCC patients, with a fold change of 3.253 and a p-value of 6.11E-
11 (30). In addition, an analysis of the TCGA database showed
significantly higher mRNA levels of the PFDN family in HCC tissues
than in liver tissues or adjacent liver tissues (Figures 1B,C). In the
TCGA database, we found 41 paired clinical samples show increased
expression of PFDN1 (41/51); 49 paired clinical samples show
increased expression of PFDN2 (49/51); 49 paired clinical
samples show increased expression of VBP1 (49/51); 43 paired
clinical samples show increased expression of PFDN4 (43/51);
42 paired clinical samples show increased expression of PFDNS5;
49 paired clinical samples show increased expression of PFDNG6 in
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HCC tissues. The AUCs for the PEDN family were 0.916, 0.926,
0.952, 0.904, 0.850, and 0.971, respectively (Supplementary Figure
S1). This result suggested that these genes had potential value to
discriminate HCC and normal liver tissues.

Prognostic value of the level of PFDN
transcripts in HCC

After identifying the differential expression of the PFDN
family in HCC, we subsequently explored the relationship
between the transcriptional expression of the PFDNs and the
clinical outcomes of patients with HCC using the TCGA
database. Overall survival (OS), progression-free interval
(PFI), and disease-specific survival (DSS) are presented in
Figure 2. These results indicated that, with the exception of
PFDN5 and PFDNG6, higher expression of PFDN1-4 was
significantly correlated with worse clinical outcomes of
patients with HCC. Higher expression of PFDN1 (HR = 1.49,
95% CI: 1.05-2.10, p = 0.025), PFDN2 (HR = 1.49, 95% CI:
1.05-2.11, p = 0.024), VBP1 (HR = 1.47, 95% CI: 1.03-2.08, p =
0.031), and PFDN4 (HR = 1.78, 95% CI: 1.25-2.53, p = 0.001) was
significantly associated with shorter OS of liver cancer patients.
HCC patients expressing higher levels of the PFDN1 (HR = 1.35,
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95% CI: 1.01-1.81, p = 0.043), VBP1 (HR = 1.38, 95% CI:
1.03-1.85, p = 0.031), and PFDN4 (HR = 145, 95% CL
1.08-1.94, p = 0.013) transcripts experienced significantly
shorter PFL. In addition, increased expression of PFDN2
(HR = 1.56, 95% CI: 1.00-2.44, p = 0.049), VBP1 (HR = 1.78,
95% CI: 1.13-2.81, p = 0.013), and PFDN4 (HR = 2.06, 95% CI:
1.31-3.24, p = 0.002) was significantly correlated with a shorter
DSS. Based on these findings, PFDN1/2/3/4 were significantly
associated with prognosis of patients with HCC, and these genes
become useful biomarkers to predict the survival of liver cancer
patients.

Correlations between the expression of
the PFDN1/2/3/4 mRNAs and
clinicopathological variables

In addition to the prognostic value of PFDN1-4, we intended

to investigate the relationship between the levels of
PFDN1-4 transcripts and the clinical parameters of patients
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with HCC. Figures 3A-E show that higher expression of the
PFDN1 and PFDN4 mRNAs was significantly related to the T
stage (T2 &T3 &T4 vs. Tl, p = 0.002; p = 0.009), AFP
(>400 vs. <400, p = 0.007; p < 0.001), and histological grade
(G3 &G4 vs. G1 &G2, p < 0.001; p < 0.001). Increased expression
of PFDN2 was significantly correlated with the T stage (T2 &T3
&T4 vs. T1, p = 0.037), AFP level (>400 vs. <400, p = 0.014),
histological grade (G3 &G4 vs. G1 &G2, p < 0.001), and vascular
invasion (yes vs. no, p = 0.005). VBP1 expression was
significantly higher in HCC patients with T2 &T3 &T4 stage
than in T1 stage (p < 0.001) and higher in patients with HCC of
pathological grade lll &IV than in stage | &Il HCC patients (p =
0.009). Moreover, we also performed univariate Cox regression of
OS, DSS, and PFI of HCC patients with PEDN1-4 (Figure 3F-H).
The results disclosed that, apart from clinical factors, poorer OS
was prominently associated with PFDN1 expression (high vs.
low; p = 0.025, HR = 1487 (95% CI: 1.051-2.103)),
PFDN2 expression (high vs. low; p = 0.024, HR = 1.492 (95%
CI: 1.054-2.112)), VBP1 expression (high vs.low; p=0.031, HR =
1.466 (95% CI: 1.035-2.078)), and PFDN4 expression (high vs.
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Expression of PFDN1-4 in clinical samples and HCC cell lines. (A—C) Expression of PFDN1/2/3/4 in HCC samples (IHC, WB, and real-time qPCR).
(D,E) Expression of PFDN1/2/3/4 in the normal liver cell line and HCC cell lines (real-time qPCR, WB).
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low; p = 0.001, HR = 1.781 (95% CI: 1.255-2.529)). The
expression of PFDN2 (high vs. low; p = 0.049, HR = 1.437
(95% CI: 1.001-2.438)), VBPI (high vs. low; p = 0.013, HR =
1.782 (95% CI: 1.131-2.810)), and PFDN4 (high vs. low; p =
0.001, HR = 2.061 (95% CI: 1.310-3.243)) exerted prominent
effects on DSS. In addition, a shorter PFI of patients with HCC
was prominently correlated with PFDN1 expression (high vs.
low; p = 0.043, HR = 1350 (95% CI: 1.010-1.805)),
VBP1 expression (high vs. low; p = 0.031, HR = 1.379 (95%
CI: 1.030-1.847)), and PFDN4 expression (high vs. low; p =
0.013, HR = 1.448 (95% CI: 1.083-1.938)). These results
suggested that PFDNI-4 might
outcomes of patients with HCC.

indicate worse clinical

Connections between the expression of
PFDN1-4 and immune cell infiltration

Infiltrating immune cells undertake crucial roles in the
tumorigenesis and metastasis of HCC. According to previous
studies, Th2 and Tth cells contributed to tumor progression and
metastasis by suppressing immune system function (De Monte
et al, 2011; Fleming et al., 2017; Crotty, 2019). In the present
study, an ssGSEA of the HCC tumor microenvironment, and
Spearman’s correlation analysis were performed to evaluate the
association between immune cell infiltration and the expression
of four members of the PFDN family (Figures 4A-D).
PFDN1-4 expression was positively correlated with Th2 cell
infiltration (R = 0.26, p < 0.001; R = 0.17, p < 0.001; R = 0.43, p <
0.001; and R = 0.39, p < 0.001, respectively) (Supplementary
Figure S2A). The expression of PFDN1/3/4 levels was positively
correlated with Tth cell infiltration (R = 0.218, p < 0.001; R =
0.154, p = 0.003; and R = 0.26, p < 0.001, respectively)
(Supplementary Figure S2B). In addition, the infiltration of
Th2 and Tth cells was significantly enriched in the PFDN (1/
3/4)-high group compared with the PFDN (1/3/4)-low group of
patients with HCC (Figures 4E,F). This result implied that
PFDN1-4 might promote the progression of HCC by

modulating the immune environment.

Potential functions and pathways
regulated by PFDN1-4 alterations in
patients with hepatocellular carcinoma

GSEA was used to screen significant differences between the
low- and high-PFDN1 expression group (adjusted p < 0.05, FDR
q value < 0.25) in the enrichment of MSigDB Collection
(c2.cp.v7.2.symbols.gmt). The other three genes (PFDN2/
PFDN3/PFDN4) were analyzed using a similar method
(Supplementary Table S8-S11). In addition, we constructed a
Venn diagram to find the overlapping part of the GSEA results.
Among the intersecting parts, we found that cell cycle
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checkpoints, mitotic G2-M phases, Rho GTPase activation,
and GPCR ligand binding were significantly associated with
PFDN1/2/3/4 alterations, and these pathways are also referred
to the progression and tumorigenesis of HCC (Figures 5A-D).

Protein—protein interaction network and
analysis of related biofunction

Using the STRING database, we intended to investigate the
interactions between PFDN1-4 and other genes. The interaction
score was chosen as 0.7. Then, Cytoscape software was used to
visualize the protein-protein interactions. Furthermore,
MCODE embedded in Cytoscape was used to identify the key
gene clusters in the network (Figure 5E). These genes were
subjected to GO and KEGG analyses using the R package
clusterProfiler (3.14.3) (Supplementary Table S12). Figure 5F
shows that the GO functions of these four genes in the PFDN
family were mainly related to protein folding, regulation of
protein localization in the nucleus and chromosome, and
GTPase activity. KEGG analysis showed that gap junctions,
apoptosis, and tight junctions were related to tumor progression.

Construction and evaluation of the
nomogram including PFDN1/2/3/4 for
patients with hepatocellular carcinoma

PFDN1-4 other
clinicopathological factors were used to construct nomograms

expression  and independent
that would better predict the survival rates of patients with HCC
(Figures 6A-D). Based on a multivariate Cox analysis of the
nomogram, a point scale was used to assign points to these
variables. The points of the variables were accumulated and
recorded as the total scores. A worse prognosis was reflected
by higher points in the nomogram. A calibration plot was used to
analyze the prediction efficiency of the nomogram (Figures
6E-H). We observed that the C-index of the nomograms was
0.647 (95% CI, 0.618-0.677), 0.634 (95% CI, 0.600-0.669), 0.623
(95% CI, 0.588-0.657), and 0.650 (95% CI, 0.617-0.682). Based
on this result, the prognostic nomograms of PFDN1/2/3/4 have
relatively good discrimination ability.

Identification of the differential expression
of PFDN1/2/3/4 in our clinical samples

After analyzing the TCGA database using bioinformatics
methods, the differential
expression of PFDN1/2/3/4 in our clinical samples and cell
lines. PFDN1/2/3/4 was substantially overexpressed in HCC
tissues compared with adjacent noncancerous tissues, as

we subsequently determined

determined by real-time PCR (Figure 7A). The expression
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levels of these genes were evaluated using real-time PCR and
Western blotting (Figure 7B,C). Moreover, we found 16 paired
samples show elevated PFDN1 mRNA and protein expression
(16/20); 17 paired samples show elevated PFDN2 mRNA and
protein expression (17/20); 15 paired samples show elevated
VBP1 mRNA and protein expression (15/20); 14 paired
samples show elevated PFDN4 mRNA and protein expression
(14/20) in our clinical samples. The results were consistent with
the findings described previously. In addition, we detected the
expression of PFDN1/2/3/4 in the normal liver cell line WRL-68
and five HCC cell lines using real-time PCR and Western
blotting. Increased levels of PFDN1/2/3/4 were observed in
HCC cell lines compared with the normal liver cell line
(Figure 7D,E). Therefore, PFDN1/2/3/4 could be reliable and
new biomarkers for diagnosis of patients with HCC. Further
experiments are needed to reveal the potential molecular
functions of PFDN1/2/3/4 in HCC.

Discussion

Although significant achievements in the treatment methods
and diagnosis of HCC have been reported, the 5-year survival of
patients is far from satisfactory (Iguchi et al., 2015; Yang et al,
2016). We must further explore reliable and new biomarkers for
HCC. Our study was the first to comprehensively elucidate the
prognostic value of the PFDN family in HCC using the TCGA
database. Although an increased expression of the PFDN family
was detected in the TCGA database, only PFDN1-4 showed
prognostic value in patients with HCC. We also identified
increased mRNA and protein expression of PFDN1-4 in our
clinical samples. These findings might enhance the accuracy of
diagnosis and provide new targets for precision therapy for
patients with HCC.

PFDNS, containing six different subunits (PFDN1-6), actas a
co-chaperone of the chaperonin CCT in the folding of
cytoskeletal proteins. In addition to its classical function, the
PFDN family also participates in maintaining cytoplasmic
proteostasis. Recently, PFDNs have been shown to be involved
in nuclear functions, including binding the transcription start
sites of genes, recruiting transcriptional corepressors, and
regulating co-transcriptional splicing.

Previous studies have illustrated that PFDNs participate in
various diseases. In mucinous colorectal adenocarcinoma
(MAC), PEDNI1 is a direct target of filamin A interacting
protein 1-like (FILIP1L) and is degraded by the proteasome.
PFDN1 induces neoplastic characteristics in aggressive
aneuploid MAC (Kwon et al., 2021). PFDN1 also functions
as an indicator of poor prognosis in patients with non-small
cell lung cancer (Penate et al., 2020). In our study, significantly
increased expression of the PEDN1 was found in HCC tissues.
In addition, higher expression of the PFDNI1 potentially
predicts a shorter OS and PFI for patients with HCC.
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PFDNI1 also has a close relationship with worse T stage,
higher AFP level, and histological grade. We performed
GSEA to analyze the potential function of PFDN1 in HCC.
The interleukin-related signaling pathways, Rho GTPase
pathways, and the PI3K-AKT pathway were significantly
enriched in the PFDNI1-high group. A PFDNl-related
nomogram was constructed with PFDN1 expression and
other clinical variables (T stage, N stage, and pathological
stage). The C-index of the PFDNI-related Cox model for
predicting overall survival was 0.647 (95% CI: 0.618-0.677).

PFDN2, a subunit of the PFDN complex, has been reported
to regulate the cytoskeleton. PEDN2 was found to be associated
with type 2 diabetes (Chang et al, 2017) and predicts poor
prognosis for patients with metastatic urothelial carcinoma
(Riester et al.,, 2014). In this study, an increased mRNA level
of PEDN2 was observed to be significantly associated with the T
stage, AFP level, histological grade, and vascular invasion.
Patients with HCC in the PFDN2-high group experienced
shorter OS and DSS. GSEA revealed that GPCR ligand
binding, DNA repair, mitotic G2-M phase, and cell cycle
checkpoint were significantly correlated with PFDN2-high
phenotype. Therefore, PFDN2 might perform its function in
the nucleus. The C-index of the nomogram containing
PFDN2 and clinical features was 0.643 (95% CI: 0.600-0.699).

PFDN3, also known as VBP1, might play opposite roles in
different cancers. In addition to its canonical role in promoting
newly synthesized protein folding, VBP1 is related to
proteasome- and autophagy-mediated protein degradation.
VBP1 binds HBx and induces NF-kB activation in HCC (Kim
et al., 2008). VBP1 also predicts poor prognosis for patients with
gastric cancer and non-small cell lung cancer (Periate et al., 2020;
Yesseyeva et al., 2020). However, VBP1 was reported to suppress
the EMT in cancer (Kim et al, 2018). In this study, we
documented that higher expression of VBP1 predicted poorer
prognosis (OS and PFI) for patients with HCC and was
significantly associated with an advanced T stage and
pathological stage. Functional analysis, which included GPCR
ligand binding, Rho GTPase signaling pathway, PI3K-AKT
signaling pathway, and DNA repair, was enriched in the
VBP1-high group. Hence, we speculated that VBP1 might
promote HCC progression through its functions in the
cytoplasm and nucleus. The C-index of the nomogram
combining VBP1 and other clinical features was 0.623 (95%
CI: 0.588-0.657).

PFDN4 might promote tumor progression through multiple
pathways. PFDN4, when combined with SHC4 and CHORDCl,
regulates extracellular vesicle secretion in prostate cancer (Urabe
et al., 2020). The correlations between PFDN4 expression and
clinical parameters were similar to those of PFDNI. Higher
PFDN4 expression was related to a poorer prognosis (OS,
PFI, and DSS) of patients with HCC. GSEA results indicated
that GPCR ligand binding, Rho GTPase signaling pathways, and
processing of capped introns containing pre-mRNA were
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significantly associated ~with PFDN4 alteration. Thus,
PFDN4 might promote the development of HCC by
regulating the splicing of pre-mRNA. The deeper mechanism
of PFDN4 in HCC requires further investigation. The C-index of
the PFDN4 nomogram was 0.650 (95% CI: 0.617-0.682).

Recently, the focus of researchers had shifted to tumor-
infiltrating immune cells, which might influence the progression
and metastasis of cancer. As shown in our study, PFDNI-4
expression levels were positively associated with Th2 and Tth cell
infiltration. Previous studies had illustrated that Th2 cells and Tth
cells might contribute to development of cancer. Therefore, these
results implied that PEDN1-4 promoted the tumorigenesis of HCC
by modulating immune cell infiltration.

We employed the STRING database to identify related
genes and subsequently analyze these genes using Cytoscape
to explore the molecular functions of PFDN1-4. GO and
KEGG analyses showed that in addition to their canonical
functions, such as unfolded protein binding and microtubule
and chaperon complexes, PFDN1-4 participated in nuclear
functions. These functions included regulation of protein
localization to the nucleus and chromosome. These findings
were consistent with those of some recent studies that PFDNs
participate in folding transcriptional regulators and regulating
pre-mRNA splicing. These mechanisms require further
study and might help us identify new therapeutic targets
in HCC.

Although PFDN5 and PFDN6 showed differential
expression in HCC tissues compared with adjacent tissues,
no connections were observed between the expression of
these genes and prognostic value. Perhaps, we should further
explore the prognostic values of PEDN5 and PFDNG6 in our own
samples.

We must admit that some limitations existed in the present
study. The detailed mechanisms by which PFDN1/2/3/
4 modulated HCC progression, immune cell infiltration, and
signaling pathway activation require further investigation.
Moreover, the prognostic value of PFDN1-4 requires further
validation and amendment in a larger clinical cohort.

In conclusion, by performing a bioinformatics analysis, we
clarified that PFDN1-4 possess significant potential as novel
therapeutic targets and prognostic biomarkers in HCC. In-depth
biological experiments and larger-scale clinical samples are
needed to confirm our conclusions.

Conclusion

In conclusion, this study first reported the PFDN family in
HCC. Our study demonstrated that upregulated expression of the
PFDN family in HCC, while only PFDN1/2/3/4 showed
prognostic value in the TCGA database. The expression of
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PFDN1/2/3/4 was significantly associated with advanced
clinical parameters of patients with HCC. PFDN1/2/3/4 also
regulated Th2 and Tth cell infiltration. Alteration of PFDN1/2/3/
4 was related to cell cycle checkpoints, G2-M phases, Rho GTPase
activation, and GPCR ligand binding. Our clinical samples
further confirmed the increased expression of PFDN1/2/3/4 in
HCC tissues compared with adjacent tissues. These results
implied that PFDN1/2/3/4 could be effective biomarkers for
patients with HCC. The potential biological mechanisms of
PFDN family in HCC need further exploration.
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