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Epigenetic mechanisms, such as histone deacetylases (HDACs), play an important role in the commence-
ment and development of hepatocellular carcinoma (HCC). Previously, we have identified proteins with
binds with HDAC1 and HDAC3 in liver cancer cells and also have shown that depletion of either HDAC1 or
HDAC3 suppressed the expression of HDAC1/3 interacting proteins, including the prefoldin protein 2/6
(PFDN2/6), CR4-NOT transcription complex subunit 1 (CNOT1), and high mobility group 20B
(HMG20b). In this study, online databases were utilized to analyze the expression of HDAC1/3,
PFDN2/6, CNOT1, and HMG20b in a large panel of liver cancer cell lines, cancer tissues, and human nor-
mal and tumor liver tissues. These databases are ‘‘RNA Expression Atlas (https://www.ebi.ac.uk/gxa/
home), Cancer Genome Atlas (TCGA), gene expression profiling interactive analysis (GEPIA), integrative
molecular databases of hepatocellular carcinoma (HCCDB), human protein atlas, and Kaplan-Meier
Plotter for RNA sequences in liver cancer (http://kmplot.com/analysis/index.php?p=service&cancer=
liver_rnaseq#). The expression of these genes was verified experimentally in human HepG2 cells via
semi-quantitative RT PCR. The results showed that all these genes are expressed in twenty-three human
liver cancer cell lines, higher expression in human liver cancer than normal tissues. However, HDAC1 and
PFDN2 are expressed at higher levels than other genes analyzed in this study. The analysis of these six
genes in 364 human liver cancer patients by Kaplan Meier plotter predicted HDAC1 and PFDN2 as poor,
while HMG20b as a favorable prognostic biomarker in hepatocellular carcinoma. PFDN2 and HMG20b are
novel prognostic markers of hepatocellular carcinoma, identified first in this study. Further clinical stud-
ies are needed to verify the expression and patient survival concerning the expresion of PFDN2 and
HMG20b in human hepatocellular carcinoma patients.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The management of any cancer relies on validating biomarkers
to predict cancer patients’ recurrence and survival. Suitable treat-
ment approaches may be adopted for an individual patient based
on the expression of certain prognostic factors (Baylot et al.,
2020). These prognostic factors are essential for predicting
patients’ survival outcomes, and they provide a guideline for decid-
ing therapeutic applications according to risk. Hepatocellular carci-
noma (HCC) is the predominant liver cancer, accounting for around
6% of newly diagnosed cancers worldwide. Clinically, many
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advances have been made to treat HCC; however, its prognosis
remains poor (Petrizzo et al., 2018; Qin and Tang, 2002).

Alpha-fetoprotein (AFP) was primarily used as a serum biomar-
ker to diagnose HCC in clinical practice (Zhu et al., 2019). However,
the specificity of AFP is undetermined, and the elevation of AFP has
been observed in other tumors and conditions (Wong et al., 2015).
Following these discoveries, serum osteopontin (OPN) is another
serum biomarker that has been proposed for the diagnosis of
HCC. Moreover, while OPN is associated with poor prognosis and
dedifferentiated HCC (Pan et al., 2003), the accuracy of OPN at early
tumor stages of HCC detection is not certain. Insulin growth factor-
1 (IGF-1) has also been proposed to detect patients with an
advanced HCC diagnosis but has not been implemented in daily
practice (Pinero et al., 2020). It should be noted that elevated
Glypican-3 (GPC3) levels have been reported in HCC, specifically
(Tremosini et al., 2012), and GPC3 is considered a poor prognostic
biomarker for HCC. However, the prognostic values of GPC3 were
significantly varied when evaluating the overall survival and
disease-free survival status of HCC patients (Liu et al., 2018). More
specifically, compared to AFP, GPC3 showed a medium level of
accuracy (Hippo et al., 2004). Besides these, other biomarkers, such
as vascular endothelial growth factor (VEGF), angiopoietin 2 (ANG-
2), Golgi protein 73 (Gp-73), hepatic growth factor (HGF), and c-
MET, have also been proposed as serum biomarkers to diagnose
HCC or as prognostic biomarkers for HCC. Most of these biomarkers
have shown poor prognostic potential, either in early or advanced
HCC, and most of the suggested biomarkers are not used in clinical
practice. Therefore, the real challenge is developing novel biomark-
ers that can be used for early diagnosis, adequate treatment, and
post-treatment prognosis.

With new advancements in molecular biology and fields related
to cancer biology, differential gene expression in HCC has been
meticulously studied. For instance, the molecular factors related
to cancer cell invasion, metastasis, recurrence, and survival factors
related to HCC have been explored. Post-translational modification
of histones facilitates the number of biological processes via chro-
matin modification, resulting in the expression or repression of tar-
get genes. Their misregulation in cancer can result in the
inappropriate activation of oncogenes or, otherwise, inactivation
of tumor suppressors. Next, histone acetylation, which broadly
influences chromatin’s compaction state, is largely associated with
active transcription, whereas histone deacetylation (HDAC) is asso-
ciated with an inactive transcription. (Di Cerbo and Schneider,
2013). Eleven (11) human zinc-dependent HDACs are known so
far. They are grouped into different classes based on their general
sequence homology to yeast; HDAC1, 2, 3, 8 are grouped in class
I; class IIa comprises HDAC4, 5, 7, 9; and class IIb includes HDAC6,
10. In contrast, class III comprises non-zinc-dependent HDACs –
so-called sirtuins. HDAC11 is categorized as class IV.

Many cancers, including HCC, have been linked to histone
deacetylases (HDACs). (Eckschlager et al., 2017). The upregulation
of HDAC1 and HDAC2 was believed to be the reason for high mor-
talities of hepatocellular carcinoma patients (Ler et al., 2015).
Moreover, the upregulation of HDACs 1–3 has been reported by
(Quint et al., 2011), and ‘‘HDAC200 was proposed as an independent
prognostic marker of survival in HCC. It was additionally reported
that HCC patients with high mortality rates had higher expression
of various HDAC isoforms, especially HDAC1 and HDAC3, and this
hyperexpression was also related to poor prognosis (Liu et al.,
2014; Lu et al., 2018). Bearing in mind the important role
”HDAC1/300 plays in liver carcinogenesis, HDAC1/3 interacting pro-
teins were previously identified in HepG2 cells (Farooq et al., 2013;
Farooq and Wadaan, 2013).

The main objective of this study was to analyze the expression
of HDAC1/3, PFDN2/6, CNOT1, and HMG20b in a large panel of liver
cancer cell lines, to check the differential expression in cancer vs.
2

normal human liver tissues by utilizing online databases which
are designed for such purposes. In addition, the prognostic values
of these five genes were analyzed using a Kaplan-Meier plotter.
2. Material and methods

2.1. Cell culture

Human HCC cell line (HepG2) was obtained from the American
Type Culture Collection (ATCC, Manassas, VA, USA) and maintained
in Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (FBS) (Thermo
Fisher Scientific, Waltham, MA, USA) in a humidified atmosphere
of 5% (v/v) CO2 and 95% air at 37 �C.
2.2. Reverse transcriptase-polymerase chain reaction (RT PCR)

Total RNA was isolated using a total RNA purification kit (Jena
Bioscience, Jena Germany; Cat.No. PP-210S). The RNA was reverse
transcribed into first-strand cDNA using a two-step cDNA Synthe-
sis Kit from Roche Cat.No.11 483 188 001 following the instruction
manual. The sequences of primers and PCR conditions were the
same as described previously (Al-Yhya et al., 2021)
2.3. Identification of differential gene expression (IDEG)

The online and freely available Gene Expression Profiling Inter-
active Analysis database (GEPIA: http://gepia.cancer-pku.cn/index.
html) (Tang et al., 2017) was used to analyze selected genes differ-
entially expressed in Hepatocellular carcinoma (LIHC) and normal
liver cells.
2.4. Analyzing HCC tumor grade-related expression of the gene

UALCAN is a comprehensive, user-friendly, and interactive web
resource for analyzing cancer OMICS data (Chandrashekar et al.,
2017). UALCAN was searched to analyze the differential expression
of genes at various stages of the tumor.
2.5. mRNA expression in a panel of liver cancer cell lines

The mRNA expression levels of the selected genes across 23
hepatocellular carcinoma and hepatoblastoma cancer cell lines
were analyzed using the Expression Atlas from The European
Bioinformatics Institute (EMBL-EBI) online database (Petryszak
et al., 2016).
2.6. Protein expression analysis

The publicly available Human Protein Atlas database (http://
www.proteinatlas.org/) was used to validate the expression of can-
didate genes on transcriptional and translational levels.
2.7. Survival analysis of HDAC1/3-interacting proteins using Kaplan–
Meier (KM) analysis

The association of patients’ overall survival (OS) with mRNA
expression of HDAC1, HDAC3, CNOT1, PFDN2, PFDN6, and HMG20b
in human liver cancer was analyzed using a KM plot, as described
previously (Menyhart et al., 2018).
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3. Results

3.1. The HDAC1/3 interacting genes overexpressed in twenty-three
human hepatocellular carcinoma cell lines.

The online RNA seq expression database, containing the expres-
sion of RNA-seq of the entire human genome in 934 human cancer
cell lines (https://www.ebi.ac.uk/gxa/experiments/E-MTAB-2770/
Results), was searched to analyze the expression of these six genes
in human liver cancer cell lines. The database contains a panel of
23 human cancer cell lines of hepatoblastoma and hepatocellular
carcinoma origin. The search results indicated that all these cell
lines express HDA1, HDAC3, CNOT1, PFDN2, PFDN6, and HGM20B,
albeit the expression level of genes varies from cell line to cell line.
As shown in Fig. 1A, HDAC1 and PFDN2 are expressed at a higher
level than other genes. PFDN2 shows the highest expression
between 60 and 180 fragments per kilobase of transcript per mil-
lion mapped reads (FPKM), while HDAC1 expression is between
40 and 90 FPKM. The third highly expressed gene is CNOT 1, with
an expression between 20 and 50 FPKM.
Fig. 1. A: Differential expression of HDAC1/3 interacting proteins in liver cancer cell
carcinoma and hepatoblastoma cancer cell lines. The data was analyzed using the Express
Reverse transcriptase-polymerase chain reaction (RT PCR) to validate the expression of H
TBL1X 10 HMG20b. 3 HDAC1 7 CDKA1. 4 HDAC3 8 PFDN2 1 KB DNA ladder.
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Semi-quantitative RT-PCR was used to check the expression of
genes in the HepG2 cell line. The PCR analysis shows higher
HDAC1, HDAC3, CNOT1, PFDN2, PFDN6 and lowers CDKA1 and
HMG20b RNA expression in HepG2 cells. The expression of these
six genes is presented in Fig. 1B.
3.2. Differential gene expression (DEG) analysis of six selected genes in
hepatocellular carcinoma vs. adjacent normal tissues

The Gene Expression Profiling Interactive Analysis (GEPIA
http://gepia.cancer-pku.cn/index.html) database was searched to
check the expression of these genes in hepatocellular carcinoma
(LIHC) tumor samples (n = 369) and adjacent normal tissues
(n = 50). The differential gene expression analysis in HCC was con-
ducted with a criterion of P < 0.05 and |log2FC| > 2. The GEPIA
revealed higher expression of the candidate six genes in HCC tumor
samples than in normal tissues. However, the tumor tissues
showed a higher expression of HDAC1 compared to HDAC3,
CNOT1, PFDN6, and HMG20b (Fig. 2).
lines. The mRNA expression levels of the selected genes across 23 hepatocellular
ion Atlas from The European Bioinformatics Institute (EMBL-EBI) online database. B:
DAC1/3 interacting genes in HepG2 cells. 1 GAPDH 5 CNOT1 9 PFDN6. 2 Actin Beta 6

https://www.ebi.ac.uk/gxa/experiments/E-MTAB-2770/Results
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Fig. 2. Identification of differential gene expression (IDEG). The online and freely available Gene Expression Profiling Interactive Analysis database (GEPIA: http://
gepia.cancer-pku.cn/index.html) was used to analyze selected genes differentially expressed in Hepatocellular carcinoma (LIHC) and normal liver cells.

Fig. 3. Analyzing tumor grade-related expression of the genes in HCC. University of Alabama Cancer Database (UALCAN) UALCAN is a comprehensive, user-friendly, and
interactive web resource for analyzing cancer OMICS data. UALCAN (http://ualcan.path.uab.edu/) was searched to analyze the differential expression of genes at various
stages of HCC.
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3.3. HCC tumor grade-related differential expression of genes

UALCAN is an interactive web resource for analyzing cancer
OMICS data, allowing users to identify biomarkers or perform in
silico validation of potential genes of interest. This analysis can
be very helpful to identify biomarkers expressed at the very early
stages of tumors to design better strategies for the treatment of
HCC. To analyze the differential expression of six genes at various
tumor grades of HCC in this present research, the UALCAN database
was searched, and the results are presented in Fig. 3. It was
revealed that all the genes exhibited varying expression levels in
all tumor grades. The HDAC1 was expressed at a weaker level 75
transcript per million (TPM) at grade 1 of HCC, and its expression
enhanced with the progression of the tumor. The highest level of
HDAC1 was detected at grade 4 (130 TPM), and a higher level of
HDAC3 was detected at the early stage of HCC (45 TPM grade 1).
Interestingly, the expression of HDAC3 remained stable until grade
3, after which a downregulation was detected at grade 4 of HCC.

Similarly, the CNOT1 was also expressed at the early stages of
HCC with varying expression levels at 45, 50, and 45 TPM at stages
1, 2, and 3, respectively, while its expression dropped significantly
at grade 4 HCC. As shown in Fig. 3, PFDN2 was expressed at a
higher level at grade 3 HCC, with an expression of almost 400
TPM. However, the expression of PFDN2 significantly decreased
at grade 4, and 250 TPM was detected at this grade HCC. A similar
trend in the expression of PFDN6 in the development of HCC was
also detected. The PFDN6 was detected at a higher level at grade
1 with 250 TPM, while the highest expression of PFDN6 was
detected at grade 3 of HCC with 300 TPM. The expression of PFDN6
Fig. 4. Kaplan–Meier plot showing the prognostic value and overall survival (OS) of se
HDAC1, HDAC3, CNOT1, and PFDN2 are unfavorable prognostic markers of HC C, while
carcinoma.
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was reduced at grade 4 of HCC. The HMG20b was detected at all
grades of HCC; its expression remained steady at grades 1, 2, and
3, and grade 4 showed a higher expression.

3.4. Protein expression in tissues with immunohistochemistry

To analyze protein expression patterns in normal human tissues
and HCC tissues, the Human Protein Atlas database (https://www.
proteinatlas.org) was analyzed. The relative expression of six genes
at the protein level is shown in Fig. 4. Immunohistochemistry anal-
ysis here reveals higher protein expression of HDAC1, HDAC3,
CNOT1, and PFDN2 in HCC tissues than normal liver tissues.
HDAC1, HDAC3 were expressed in the nucleus of positive liver
cells, while cytoplasmic staining was observed for CNOT1 and
PFDN2. As shown in Fig. 4, a weaker to moderate staining of PFDN6
and HMG20b was detected in HCC tissues than normal liver tis-
sues. The subcellular localization staining shows cytoplasmic
staining of PFDN6 and nuclear staining of HMG20b.

3.5. Determining the prognostic value of HDA1/3 interacting proteins
in liver cancer

To investigate the prognostic values of HDAC1/3, CNOT-1,
PFDN2/6, and HMGG20 in hepatocellular carcinoma, an online
Kaplan–Meier plotter analysis tool (http://kmplot.com/analysis/in-
dex.php?p=service&cancer=liver_rnaseq#) was utilized. The 5-year
overall survival (OS) rate of 364 HCC patients (250 males and 121
females) expressing the mRNA of HDAC1, HDAC3, CNOT1,
PFDN2/6, and HMG20b was investigated. As shown in Fig. 5, the
lected HDAC1/3 interacting genes. The expression data showed that expression of
expression of HMG20b and PFSDN6 favorable prognostic markers in hepatocellular

https://www.proteinatlas.org/
https://www.proteinatlas.org/
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high mRNA expression of HDAC1 (HR = 2.25, 95% CI: 1.57–3.24, p =
6.8e � 06), PFDN2 (HR = 1.53, 95% CI: 1.04–2.23, p = 0.28), HDAC3
(HR = 1.21, 95% CI: 0.8–1.83, p = 0.36), and CNOT1 (HR = 1.22, 95%
CI: 0.85–1.75, p = 0.028), and low mRNA expression of HMG20b
(HR = 0.71, 95% CI: 0.49–1.03, p = 0.073) and PFDN6 (HR = 0.73,
95% CI: 0.5–1.08, p = 0.11) was observed in HCC tissues. High
mRNA expression of HDAC1 and PFDN2 showed an association
with significantly shorter OS and unfavorable outcomes. HDAC3
and CNOT1 also showed associations with an unfavorable out-
come, but this was not statistically significant. HMG20b expression
was associated with significantly longer OS with a favorable out-
come. PFDN6 was also associated with a favorable outcome, but
this was not significant. The expression data showed that HDAC1,
HDAC3, CNOT1, and PFDN2 are oncogenes, while HMG20b and
PFSDN6 are tumor suppressor genes in hepatocellular carcinoma.
4. Discussion

Prognosis remains an integral part of the patient assessment to
improve patient survival, especially in liver cancer patients, and
Fig. 5. Protein expression analysis. Immunohistochemistry analysis here reveals higher p
normal liver tissues, whereas higher protein expression of HMG20b in normal liver tis
database (http://www.proteinatlas.org/).
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make good therapeutic and disease management decisions. Prog-
nostic factors, when applied appropriately, allow for the stratifica-
tion of patients’ risks to categorize therapy based on the possible
outcome. Unfortunately, studies investigating prognostic factors
in HCC have been characterized with heterogenous subjects having
different underlying factors such as the presence or absence of liver
diseases such as cirrhosis (Tandon and Garcia-Tsao, 2009), making
results from such studies inapplicable to a wider population. Con-
ventionally, studies investigating the prognostic value of specific
genes do so by examining one gene at a time, which is time-
consuming and labor-intensive, not to talk of the cost implication
(Huang da et al., 2009). On the contrary, through the application
of bioinformatics tools, we were able to analyze multiple differen-
tially expressed genes (listed above), which were further investi-
gated by enrichment analysis. Findings showed that these genes
are implicated in the pathophysiology of HCC. A search of online
TCGA cancer tissue data (https://www.proteinatlas.org/
ENSG00000204220-PFDN6/pathology) suggested a moderate to
high-level expression of PFDN6 in liver cancer tissues than the nor-
mal human liver.
rotein expression of HDAC1, HDAC3, CNOT1, PFDN2, and PFDN6 in HCC tissues than
sues as compared to HCC. The data has been analyzed using Human Protein Atlas

https://www.proteinatlas.org/ENSG00000204220-PFDN6/pathology
https://www.proteinatlas.org/ENSG00000204220-PFDN6/pathology
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Eukaryotic prefoldins (PFDN) are hexameric chaperone com-
plexes consisting of six different subunits (26), and their main
job is to keep freshly generated peptides stable and promote
proper cytoskeletal protein folding, preventing protein misfolding
and aggregation (27). PFDN2 is a 154-amino-acid protein with a
16,648-dalton molecular mass. PFDN2 is linked to malignancies
and can be used as a biological marker for various disorders. For
bladder tumor classification and clinical outcome, PFDN2 is a pre-
dictive biomarker. The expression of PFDN2 in diverse subtypes of
gastric cancer is a biological indicator of poor prognosis and shows
poor overall survival. PFDN6 is a hydrophilic protein in the major
histocompatibility complex with an unknown function
(Yesseyeva et al., 2020a). However, expression of PFDN6 was asso-
ciated with overall poor survival in gastric and chemotherapy in
acute lymphocytic leukemia (Dehghan-Nayeri et al., 2017; Mo
et al., 2020). It is reported that j-actin is the major component
of the actin cytoskeleton in hepatocellular carcinoma tissues. The
j-actin reduced the interaction between actin and PFDN2, causing
poor cytoskeletal organization and promoting abnormal cells’
growth, proliferation, or metastasis in liver cancer (Riester et al.,
2014).

We previously have discovered that several PFDN subunits have
a significant affinity for HDAC1 in hepatocellular carcinoma HepG2
cells (Farooq et al., 2013), strengthening the notion that PFDN sub-
units are involved in hepatocellular carcinoma progression and
metastasis. The oncogenic behavior of PFDN2 in hepatocellular
cancer (HCC) patients suggests that it could be used as a novel
therapeutic target to treat liver cancer. Although PFDN2 and
PFDN6 affect liver cancer, the underlying mechanism has yet to
be discovered.

The 5-year survival of liver cancer patients expressing HDAC1,
HDAC3, CNOT1, PFDN2/6, and HMG20b was calculated via
Kaplan–Meier analysis. The results have indicated that high
expression of HDAC1, HDAC3, CNOT1, and PDNF2 reflects short
or medium-term survival, suggesting an unfavorable prognosis
for HCC patients. Another study has also reported the overexpres-
sion of HDAC1, HDAC3, and PFDN2 as unfavorable prognostic
biomarkers and reduced recurrence-free survival in liver cancer
patients (Freese et al., 2019; Wu et al., 2010). HDACs 1 and 3 are
highly expressed in the nucleus, where they are involved in numer-
ous functions by regulating different pathophysiological processes,
such as mitosis, apoptosis, and tumorigenesis (Ji et al., 2019). The
oncogenic behavior of PFDN2 in hepatocellular cancer (HCC)
patients suggests that it could be used as a novel therapeutic target
to treat liver cancer (Yesseyeva et al., 2020a). PFDN6, on the other
hand, was associated with a favorable outcome, but this was not
statistically significant. PFDN2 was also previously reported as a
poor prognostic biomarker in gastric cancer (Yesseyeva et al.,
2020b).

HMG20b is a non-sequence-specific DNA binding protein that
belongs to the high mobility group (HMG) family (Sumoy et al.,
2000). HMG20b is necessary for cytokinesis during cell division,
and its mutation was reported to result in the failure of cytokinesis
in human epithelial cancer (Lee et al., 2011; Lee and Venkitaraman,
2014). The role of HMG20b in liver cancer is unknown. In a recent
study, the suppression of liver tumor growth in mice has been
reported by inhibition of HMGB1. (Li et al., 2018). The Kaplan–
Meier analysis of liver cancer patients expressing HMG20b showed
increased five years overall survival (OS) than patients with low
expression, suggesting it as a favorable prognostic biomarker in
liver cancer. The expression and prognostic value of HMG20b in
liver cancer have never been reported before; thus, we consider
it a novel findings in this study.

PFDN6, HMG20b are the important component of the CoREST
complex and regulate many biological processes along with HDAC.
The exact mechanism of how PFDN6 regulates HMG20b is not
7

known. It is well established that the CoREST complex generally
silent the gene expression and contributes to cancer and other dis-
eases. The role of each member of the CoREST complex should be
investigated; however, in the present scenario, the regulation of
PFDN6 and HMG20b by HDAC1 would be the most feasible bio-
chemical pathway involved for liver cancer progression and metas-
tasis. Human HMG20b is a rare tumor suppressor gene that may
promote carcinogenesis through heterozygous mutations caused
by missense mutagenesis. A study has demonstrated that the car-
boxyl (C)-terminal region of HMG20b, is essential for cytokinesis
and reported that this region is inactivated by missense mutation
causing breast cancer (Lee and Venkitaraman, 2014).

5. Conclusion

Our recent and previous work has revealed that CNOT1,
PFDN2/6, and HMG20b. overexpressed in most cell lines originated
from human liver carcinoma. The analysis of human protein atlas,
cancer atlas, and similar online databases has shown the higher
expression of these genes in human cancer tissues compared to
normal liver. The computational analysis done in this study has
identified PFDN6 and HMG20b as novel prognostic biomarkers in
liver cancer. Further clinical studies are needed to verify the rela-
tionship between the expression of PFDN2 and HMG20b and
patient survival in human hepatocellular carcinoma patients.
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