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Abstract
Background: PCNA-associated factor, the protein encoded by the KIAA0101/PCLAF gene, is a cell-cycle
regulated oncoprotein that regulates DNA synthesis, maintenance of DNA methylation, and DNA-damage
bypass, through the interaction with the human sliding clamp PCNA. KIAA0101/PCLAF is overexpressed
in various cancers, including hepatocellular carcinoma (HCC). However, it remains unknown whether
KIAA0101/PCLAF overexpression is coupled to gene amplification in HCC.
Methods: KIAA0101/PCLAF mRNA expression levels were assessed by quantitative real-time PCR in 40
pairs of snap-frozen HCC and matched-non-cancerous tissues,KIAA0101/PCLAF gene copy numbers
were evaluated by droplet digital PCR (ddPCR) in 36 pairs of the tissues, and protein expression was
detected by immunohistochemistry (IHC) in 81 pairs of formalin-fixed paraffin-embedded (FFPE) tissues.
The KIAA0101/PCLAF gene copy number alteration and RNA expression was compared by Spearman
correlation, and the relationship between KIAA0101 protein expression and other clinicopathological
parameters was evaluated using Chi-square test.
Results: Our results demonstrated that KIAA0101/PCLAF mRNA levels were significantly higher in HCC
than in the matched-non-cancerous tissues (p<0.0001), and high KIAA0101/PCLAF mRNA levels in HCC
were associated with poor patient survival. The KIAA0101/PCLAF gene was not amplified in HCC and
KIAA0101/PCLAF gene copy numbers were not associated with KIAA0101/PCLAF transcript levels.
KIAA0101 protein was overexpressed in the majority of HCC tissues (77.8%) but was not be detectable in
matched-non-cancerous tissues. Significant correlations between the expression of KIAA0101 protein and
p53 tumor suppressor protein (p=0.002), and Ki-67 proliferation marker protein (p=0.017) were found.
However, KIAA0101 protein levels were not correlated with patient age, tumor size, or the expression of
AFP and HBsAg.
Conclusions: KIAA0101/PCLAF mRNA and protein overexpressionis frequently observed in HCC but
without concurrent KIAA0101/PCLAF gene amplification. Significant correlations between the expression
of KIAA0101 protein and p53 and Ki-67 proteins were observed in this study. Thus, detection of
KIAA0101/PCLAF mRNA/protein might be used, along with the detection of p53 and Ki-67 proteins, as
potential biomarkers to select candidate patients for further studies of novel HCC treatment related to
these targets.

Background
Current global trends project hepatocellular carcinoma (HCC) to be the sixth most common cancer and
the fourth leading cause of cancer-related deaths [1]. Therefore, the identification of novel biomarkers for
HCC diagnosis and prognosis could have great clinical utility and help improve patient outcomes. To this
end, we applied a genome-wide cDNA microarray analysis and found that KIAA0101/PCLAF transcripts
were significantly overexpressed in HCC tissues ( Supplement Table S1). The KIAA0101/PCLAF gene was
first cloned and sequenced from cDNA libraries of the immature myeloid leukemia cell line KG-1 [2].
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PCNA-associate factor, the protein encoded by the KIAA0101/PCLAF gene, is an oncoprotein containing
111 amino acid residues with a conserved PCNA-binding motif (PIP-box, at amino acid residues 62-72),
and also known as p15(PAF) or PAF15 [3], OEATC-1 (overexpressed in anaplastic thyroid carcinoma 1) [4],
and L5 [5].
Functionally, the KIAA0101 protein (PCNA-associate factor) is a cell-cycle regulated oncoprotein that
regulates DNA synthesis, maintenance of DNA methylation, and DNA-damage bypass, through its
interaction with the human sliding clamp PCNA [3, 6-14]. KIAA0101 protein is part of the eukaryotic DNAreplication complex with PCNA, DNA polymerase delta (DNA Pol δ), and the endonuclease Fen-1 [6] and is
primarily expressed during the S-phase of the cell cycle [7]. KIAA0101 gene expression is negatively
regulated by the Rb/E2F complex; loss of Rb/E2F-mediated inhibition during the G1/S transition leads to
upregulated KIAA0101 expression in the S-phase [7]. KIAA0101 protein levels drop rapidly at the mitotic
exit (late M and G1 phases) via polyubiquitination mediated by the anaphase-promoting
complex/cyclosome (APC/C) complex, a cell cycle-regulated E3 ubiquitin ligase, leading to its
degradation by the proteasome [8]. The depletion of KIAA0101 significantly decreases DNA synthesis [69], indicating that KIAA0101 modulates the function of PCNA as a processivity factor [10, 11]. KIAA0101
is an intrinsically disordered protein that binds via its central PIP-box to the front-face of PCNA and its Nterminus interacts with the inner ring of PCNA and passes through the PCNA from the back-face [10, 11].
UHRF1, an E3 ubiquitin ligase, ubiquitinates the N-terminal domain of KIAA0101 at Lys 15 and Lys 24
during the S-phase [9, 12]. Both the interaction of KIAA0101, via its PIP-box, with PCNA and the double
mono-ubiquitylation at Lys 15 and Lys 24 by UHRF1 are required for KIAA0101 function in both DNA
synthesis and maintenance of DNA methylation [9, 12-14]. Following UV-induced DNA damage, the
resultant replication-fork-blocks trigger rapid, proteasome-dependent removal of Lys 15/24-ubiquitylated
KIAA0101 from PCNA, which allows the interaction between monoubiquitinated PCNA and the translesion
DNA synthesis (TLS) DNA polymerase eta (POLH) at stalled replisomes, thus facilitating the bypass of
replication-fork-blocking lesions [9]. Following TLS-mediated damage bypass, the reassociation of
KIAA010 with PCNA may help to promote the dissociation of PCNA-associated TLS polymerases from
PCNA and consequently resumption of normal replication [9].
KIAA0101 is overexpressed in various solid tumors [3-6, 15, 16] but few studies have directly investigated
the expression of KIAA0101/PCLAF in hepatocellular carcinoma (HCC), and these have reported
contradictory results [17-19]. Guo et al. reported down-regulation of KIAA0101 protein expression in HCC
as compared with non-cancerous liver tissues [17], in contrast, Yuan et al. and Liu et al. reported
overexpression of KIAA0101 at both mRNA and protein levels in HCC tissues [18, 19]. Gene amplification
of cyclin D1, the regulatory component of the cyclin D1-CDK4 complex controlling the cell cycle G1/S
transition, has been detected and implicated in HCC development and progression [20-22]. However, it
remains unknown whether gene amplification of KIAA0101, the cell-cycle regulated oncoprotein, occurs or
is causally correlated with KIAA0101/PCLAF overexpression in HCC. Droplet Digital PCR (ddPCR) enables
high-throughput assessment of absolute gene copy number, compared with fluorescence in situ
hybridization (FISH), while maintaining the sensitivity and precision [23]. Therefore, the present study
aimed to correlate KIAA0101/PCLAF overexpression at the mRNA level, as detected by quantitative realPage 3/21

time PCR, with KIAA0101/PCLAF gene copy number alterations detected by ddPCR in HCC tissues. This
study also aimed to determine the relationships between KIAA0101 protein expression detected by IHC
and other HCC clinicopathological parameters.

Methods
Tissue procurement. HCC and matched non-cancerous tissues available from the same patients, were
obtained by surgical resections from the operating rooms, Department of Surgery, Ramathibodi Hospital.
Snap-frozen sections of resected liver tissues were prepared and stained with hematoxylin and eosin
(H&E). The H&E stained histological slides were reviewed by an experienced pathologist. Samples were
mapped with these H&E slides so that HCC and matched non-cancerous areas were selected for further
studies.
KIAA0101/PCLAF RNA expression level detection by real-time PCR
KIAA0101 transcript levels were detected by multiplex qRT-PCR using qPCR primers specific for KIAA0101
tv1 (Roche Diagnostics, Germany). We have verified the specific pairing of the qPCR primers with
KIAA0101 tv1 mRNA but not with KIAA0101 tv2 mRNA, as shown in Supplement Fig. S1. Total RNA from
40 pairs of HCC and matched non-cancerous tissues (Supplement Table S2 Cohort qRT-PCR) were
extracted from snap-frozen samples using the RNeasy kit including on-column DNase treatment (Qiagen,
Germany) according to the manufacturer’s recommendation. The cDNA was synthesized with iScript
Advanced cDNA Synthesis Kit (Biorad, USA). LightCycler® 480 Probes Master (Roche, Germany) was
used for performing multiplex qRT-PCR according to the manufacturer’s recommendation. The following
primers and probe were used for specific KIAA0101 tv1 PCR: Forward primer
5'AGAAAGGTGCTTGGTTCTTCC3'; Reward primer 5'GGGTTCCCTCCTGCATATTT3' , and UPL probe no.
53. Human PBGD Gene of Universal Probe Library Reference Gene Assays (Roche, Germany) was used as
an internal control. PCR was done in Light cycler 480 (Roche, Germany), with initial heating at 95๐C for 10
min followed by 40 cycles of 95๐C for 10 s, 60๐C for 30 sec, 72๐C for 1 sec, and cooling 40๐C for 30 sec.
Triplicate reactions were run for each sample. The expression level was calculated relative to the
constitutive housekeeping gene PBGD using the 2-∆∆CT method. The expression ratio (tumor/non-tumor)
more than 2 was determined as KIAA0101 mRNA overexpression. The PCR reaction mixture with no cDNA
template was used as a negative control.
The Cancer Genome Atlas (TCGA) data was interrogated for KIA0101/PCLAF and MKI67 transcript
expression levels in related to HCC patient survival using tools available at https://www.proteinatlas.org.
KIAA0101/PCLAF gene copy number alterations detected by droplet digital PCR (ddPCR)
DNA from 36 pairs of HCC and matched non-cancerous snap-frozen tissues (Supplement Table S3
Cohort ddPCR) were extracted by QIAamp DNA Mini Kit (Qiagen, Germany). DNA concentration was
measured by QubitTM dsDNA BR Assay (Invitrogen, Oregon USA). Copy number analysis was assessed by
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ddPCR according to the manufacturer’s recommendation (Bio-Rad, USA). Primer and probe for ddPCR™
copy number assay (Bio-Rad, USA): KIAA0101 (unique assay ID: dHsaCNS701823286) and AP3B1
(unique assay ID: dHsaCP100001) were used. The droplets were produced by a droplet generator of the
QX200 Droplet Digital PCR system (Bio-Rad) and were then transferred to a 96-well PCR plate for
amplification using the C1000 Touch Thermal Cycler (Bio-Rad) applying a thermal cycle beginning at 94
๐C for 10

min, followed by 35 cycles of 94 ๐C for 30 s and 60 ๐C for 60 s, and a final cycle of 98 ๐C for 10

min. Subsequently, a droplet reader (Bio-Rad) was used to calculate the number of both positive and
negative droplet events from each PCR reaction mixture. A PCR reaction mixture with no DNA template
was used as a reference control for potential PCR contamination. Triplicate reactions were run for each
sample. The ddPCR data were analyzed using the QuantaSoft analysis software (Bio-Rad), which
calculates the total number of droplets (positive droplets plus negative droplets).
KIAA0101. Ki-67, p53, and HBsAg protein expression detected by immunohistochemistry assay (IHC)
KIAA0101 protein expression was determined by IHC in 81 pairs of HCC and matched non-cancerous
tissues (Supplement Table S4 Cohort IHC). Tissues were fixed in 10% buffered formalin, processed and
embedded in paraffin. Serial 4-micron sections were cut and placed on superfrost® plus slides. Slides
were deparaffinized in xylene and rehydrated through graded concentrations of ethanol to distilled water,
and then processed with UltraVision Quanto Detection System (Labvision, USA). Antigen retrieval and
primary antibodies incubation time shown in Supplement Table S5 Reagent Slides were counterstained
with hematoxylin and mounted in permanent mounting medium and then scanned with the Pannoramic
MIDI digital slide scanner (3DHISTECH, Hungary). Tissues with positive staining for the specific
antibodies were used as positive controls, and tissues with the omission of the specific antibodies were
used as negative controls. The positive and negative controls were included in every batch of IHC
staining.
Ki-67 protein expression was assessed by visually estimated percentage of cells with positive staining in
the entire lesion. Ki-67 positive was defined as Ki-67 protein expression with positive nuclei ≥ 10% of
cells, as used in our previous study and others [24, 25]. KIAA0101, p53, and HBsAg protein expression
was individually determined by IHC as negative, or positive staining of tumor cells.. The cut-off value for
KIAA0101 protein positivity was a KIAA0101 staining with positive nuclei in ≥1% of cells, regardless of
the staining intensity, as previously reported by Yuan, et al.[18]. The cut-off value for p53 protein positivity
was a p53 staining with positive nuclei in ≥1% of cells, regardless of the staining intensity, as we
previously reported [24]. The cut-off value for HBsAg protein positivity was an HBsAg staining with
positive cytoplasmic staining > 1 cell in each tissue section, as we previously reported [26].
Serum Hepatitis B Surface Antigen (HBsAg) Assay
Chemiluminescent microparticle immunoassays (CMIA) for the qualitative detection of hepatitis B
surface antigen (HBsAg) in serum from the patients were performed using ARCHITECT HBsAg Qualitative
II assay with ARCHITECT i system equipment (Abbot Laboratories, Illinois, USA). Serum of 125 microliter
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(μl) was used for each test. ARCHITECT HBsAg Qualitative II Controls (negative- and positive-controls)
and Calibrators were used for quality control. The sample with the ratio of Sample Relative Light
Unit/Cut-off Relative Light Unit (S/CO) <1.000 was interpreted as nonreactive (negative). The sample with
the ratio of S/CO >1.000 was interpreted as reactive, which was then confirmed either if >100 S/CO by the
Alere Determine™ HBsAg Test, a rapid in vitro qualitative immunoassay, (Abbot Laboratories, Illinois,
USA), or if <100 S/CO by VIDAS® HBs Ag Ultra test, an Enzyme-Linked Fluorescent Assay (ELFA),
(bioMérieux S.A., Marcy-l'Étoile, France). When the sample with S/CO >1.000 was reactive with either of
the confirmatory tests, it was interpreted as HBsAg positive. The above strategy was based on WHO
guidelines on hepatitis B and C testing. Geneva: World Health Organization; 2017. License: CC BY-NC-SA
3.0 IGO. ISBN: 978-92-4-154998-1)[27].
Serum Alpha-Fetoprotein (AFP) Assay
Electrochemiluminescence immunoassays (ECLIA) for the in vitro quantitative determination of alphafetoprotein (AFP) in serum from the patients were performed using the AFP kit with a Cobas e601
analyzer (Roche Diagnostics Limited[27] GmbH, Mannheim, GM). Ten microliter (μl) serum is used for
each test. The normal cut-off value of serum AFP is ≤7.2 ng/ml.
Statistical analysis
Statistical analysis was performed with SPSS v.11.5 (SPSS Inc., Chicago Illinois, USA) or GraphPad Prism
7 (version 7.03). For quantitative data, the comparison between the two groups was done using Wilcoxon
signed rank test. Correlation between KIAA0101 gene copy number and KIAA0101 RNA expression was
determined by Spearman nonparametric-correlation. Correlations between KIAA0101 protein expression
and other clinicopathological parameters were determined by Chi-square test (x2 test). P<0.05 was
considered statistically significant.

Results
KIAA0101/PCLAF transcript is significantly over-expressed in HCC.
KIAA0101/PCLAF RNA expression levels were evaluated by real-time PCR in 40 pairs of HCC and
matched non-cancerous snap-frozen tissues. The mean relative RNA expression levels in HCC and
matched non-cancerous tissues were 5.19±4.31 and 1.67±0.9, respectively. Significantly higher
expression of KIAA0101 RNA in HCC tissues was observed (p<0.0001) (Fig. 1A). This finding was
confirmed through interrogation of TCGA data, which also showed that KIAA0101/PCLAF and MKI67
transcripts were significantly upregulated in HCC. The high RNA expression levels of these genes in HCC
were associated with the poor patient survival: KIAA0101/PCLAF (p=0.000033) and MKI67
(p=0.0000036) (Fig. 1B). MKI67 is the gene encodes for the proliferation marker protein Ki-67.
KIAA0101/PCLAF transcript levels are independent of gene copy number.
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KIAA0101 gene copy numbers were determined by ddPCR in 36 pairs of HCC and matched non-cancerous
snap-frozen tissues. The results showed that KIAA0101 gene copy numbers were less than 4 copiesand
therefore not amplified in all HCC tissues.. Consequently, KIAA0101 gene copy numbers in HCC and
matched non-cancerous tissues were not significantly different (p=0.24) (Fig. 2). Correlation between
KIAA0101 gene copy numbers and KIAA0101 RNA expression levels was evaluated in 27 pairs of the
snap-frozen tissues. However, no correlation was found between KIAA0101 gene copy numbers and
KIAA0101 RNA expression levels (r=0.002)(Fig. 3).
Correlations of KIAA0101 protein overexpression and clinicopathological parameters.
Eighty-one patients (69 men, 12 women; age range 23–94 years, median 56 years) resected for HCC were
included in the KIAA0101 protein IHC study. The clinicopathological parameters of these patients are
summarized in Table 1 Tumor size was ≥ 5 cm in 49% of patients Serum HBsAg was detected in 64% of
patients. Serum alpha-fetoprotein (AFP) values were ≥ 500 ng/ml in 23% of patients examined. The p53
and Ki-67 protein expression were detected in 43.2% and 46.9 % of HCC tissues examined, respectively.
KIAA0101 protein expression was evaluated by IHC in 81 pairs of HCC and matched non-cancerous FFPE
tissues. KIAA0101 protein was overexpressed, defined as positive nuclear staining, in 77.8% of HCC
tissues examined but was not detectable, defined as negative nuclear staining, in 100% of non-cancerous
tissues examined (Fig. 4) Representative KIAA0101 protein expression detected by IHC is shown in Fig. 5.
The IHC image illustrates that the nuclear localization of KIAA0101 protein expression was significantly
correlated with p53 tumor suppressor protein (p=0.002)and Ki-67 proliferation marker protein (p=0.01), as
shown in Table 1 . However, no correlations was observed between KIAA0101 protein and age, tumor size,
and expression of AFP, and HBsAg.

Discussion
PCNA-associated factor, the protein encoded by the KIAA0101/PCLAF gene, is a cell-cycle regulated
oncoprotein that functions through the interaction with PCNA [3, 6-14]. KIAA0101 is overexpressed in
various cancers [3-6, 15, 16]. However, few studies have directly investigated KIAA0101 expression in
HCC, with contradictory results [17-19]. Furthermore, it remains unknown whether KIAA0101
overexpression is coupled to gene amplification in HCC. The present study aimed to investigate potential
correlations between KIAA0101 mRNA overexpression, detected by quantitative real-time PCR, and
KIAA0101 gene copy number alterations detected by ddPCR in our collected liver tissues. The study also
aimed to investigate potential correlations between KIAA0101 protein expression, detected by IHC, and
other clinicopathological parameters.
In hepatocellular carcinoma (HCC), only a few studies have directly investigated the protein expression of
KIAA0101, and interpretation of these studies are hampered by the use of different antibodies. First, as
the antibody for KIAA0101 was not commercially available, Guo et al. prepared their own polyclonal
rabbit antibody against a full-length KIAA0101-His tag and they reported down-regulated KIAA0101
protein expression in HCC as compared with non-cancerous liver tissues [17]. Yuan et al. used
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semiquantitative reverse-transcription polymerase chain reaction (RT-PCR) for measurements of
KIAA0101 mRNA, and a mouse monoclonal antibody against a full-length KIAA0101-GST tag (clone
3C11-1F11, Abnova) for immunohistochemical (IHC) analysis. They reported overexpression of KIAA0101
at both mRNA and protein levels in approximately 60% of HCCs, and found the association of KIAA0101
overexpression with higher tumor grade, higher tumor stage, and early tumor recurrence concordant with
poor prognosis [18]. Yuan et al. also found a correlation of KIAA0101 overexpression with p53 mutations;
p53 mutation, which occurred in approximately 50% of HCCs in their study [18]. Lastly, Liu et al. reported
that the KIAA0101 gene can be alternatively spliced to produce 2 transcriptional variants, which are
translated to 2 protein variants: (1) KIAA0101 tv1 protein, the canonical sequence of 111 amino acid
residues containing the PIP-box, and (2) KIAA0101 tv2 protein, the alternative sequence of 65 amino acid
residues not containing the PIP-box [19, 28]. Liu et al. showed overexpression of KIAA0101 tv1 at both
mRNA and protein levels in ~70% of HCC tissues (~ 40% in stage I-II, and ~80% in stage III-IV HCCs) as
assessed by semiquantitative RT-PCR, virtual northern blot, western blot, and IHC analysis [19]. For IHC
analysis, Liu et al. used a goat polyclonal antibody against a peptide mapping at the C-terminus of
KIAA0101 (sc‐65163 antibody, Santa Cruz Biotechnology). In addition, Liu et al. found that doxorubicin
(Adriamycin, ADR) treatment down-regulated the expression of KIAA0101 tv1 whereas the treatment
increased the acetylation of p53 [19]. Recently, Liu et al. showed that KIAA0101 tv2 was highly expressed
in adjacent non-tumorous liver tissues (NTs) as compared to HCC tissues, and KIAA0101 tv2 could induce
cell cycle arrest and apoptosis [28]. Using transfection, Liu et al. showed that KIAA0101 tv2 could inhibit
the function of KIAA0101 tv1 by partially down-regulating KIAA0101 tv1, by acting similar as a short
hairpin RNA (shRNA) [28].
In our present study, as expected, KIAA0101 mRNA and protein expression levels were significantly higher
in HCC than in the matched non-cancerous liver tissues, consistently with previous studies by Yuan et al.,
and Liu et al. [18, 19], but in contrast to Guo et al.[17]. We found no amplification of KIAA0101 gene in
HCC, and no significant difference of KIAA0101 gene copy numbers in HCC and matched non-cancerous
tissues, as well as no correlation between KIAA0101 gene copy numbers and KIAA0101 RNA expression.
Our results indicate that KIAA0101 overexpression in HCC is not secondary to KIAA0101 gene
amplification. Previous studies have suggested that KIAA0101 expression is regulated by the p53-p21
pathway [6], and the Rb/E2F pathway [7], as well as the NF-kB (p50) pathway [29], and the cAMPdependent transcription factor ATF-3 [30]. Recently, Zhang, et al. demonstrated that KIAA0101 is a direct
transcriptional target of Forkhead box protein M1 (FoxM1), which may account for KIAA0101
overexpression in HCC [31].
This study also found significant correlations of KIAA0101 protein overexpression with p53 tumor
suppressor protein overexpression, and with Ki-67 proliferation marker protein overexpression. The TP53
tumor suppressor gene, the most frequently mutated gene in cancer, encodes the p53 tumor suppressor
protein [32, 33] The wild-type p53 protein is a sequence-specific DNA-binding transcription factor, which
upregulates many important genes regulating various cellular processes, including cell cycle arrest, DNA
repair, and cell death (apoptosis). The p53 protein has been known as the most important tumor
suppressor and “the guardian of the genome”[34].
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The p53 tumor suppressor protein is active as a tetramer, with four identical chains of 393 residues.
Domain structure of the full-length p53 protein consists of an N-terminal transactivation domain,
followed by a proline-rich region, the central DNA-binding domain responsible for sequence-specific DNA
binding, the tetramerization domain regulating the oligomerization state of p53, and the extreme Cterminus [35]. According to Cancer Genome Atlas Research Network, the TP53 gene is inactivated by
mutation in about 30% of HCC patients; the mutations are truncating mutations (frame-shift, nonsense,
and splice-site mutations) in about one-third, and non-truncating mutations (missense) in about two-third.
Most missense mutations of TP53 occur in the central DNA-binding domain and result in the defective
p53 function [36].
The significant risk factors for HCC include chronic infections with the hepatitis B (HBV) or C (HCV) virus
and exposure to dietary aflatoxin B1 (AFB1) or alcohol consumption. TP53 gene mutations occur in more
than 50% of AFB1-induced HCC, in up to 45% of HBV-related HCC, and in 13% of HCV-related HCC [37].
AFB1 frequently generates the hotspot TP53-R249S mutation and cooperates with HBV in causing TP53
mutations in HCC. Chronic HBV and HCV infection also induces reactive nitrogen/oxygen species that
can damage DNA and mutate cancer-related genes such as TP53. [38] HBx, the X gene of HBV, is the
most common open reading frame integrated into the hepatic genome, and the integrated HBx is
frequently mutated in HCC [38]. Mutant HBx proteins still retain their capability to bind to p53 protein and
attenuate DNA repair and p53-mediated apoptosis. Thus, both viruses and chemicals are the causative
agents of TP53 mutations during the molecular pathogenesis of HCC [38]. The p53 tumor suppressor
protein is a short-lived transcription factor promoting cell-cycle arrest or apoptosis when cells encounter
stress stimuli such as oncogene activation or DNA damage. The p53 protein is usually kept at low levels
in unstressed cells by continuous ubiquitylation, primarily via the p53 protein interaction with the E3
ubiquitin-protein ligase Mdm2, then degradation by the 26S Proteasome [39]. However, in stressed cells,
p53 ubiquitylation is suppressed, and p53 protein is stabilized and accumulates in the nucleus, where it
forms a tetramer. Only tetrameric p53 protein appears to be fully active as a transcriptional activator or
repressor of distinct target genes containing p53 sequence-specific DNA binding sites. Furthermore, in
stressed cells, p53 protein is subject to various post-translational modifications, including
phosphorylation and acetylation, that influence p53 target genes' expression. Phosphorylation and
acetylation of p53 protein generally result in stabilization and accumulation of p53 protein in the nucleus,
promoting transcriptional activation/repression of target genes. Missense-mutant p53 proteins generally
show intense phosphorylation and acetylation at sites known to stabilize wild-type p53 protein. Thus,
these post-translational modifications possibly facilitate the accumulation of dysfunctional mutant p53
in the nucleus [39].
An analysis of the TP53 gene and pathway alterations in 32 cancer subtypes, including HCC, from The
Cancer Genome Atlas (TCGA), has been recently published [40]. More than 90% of TCGA Cancers with
TP53 mutations exhibit second allele loss by mutation, chromosomal deletion, or copy-neutral loss of
heterozygosity (LOH). TP53 mutations are associated with enhanced chromosomal instability, including
increased amplification of oncogenes (CCND1, CCNE1, ERBB2, and MYC) and deep deletion of tumor
suppressor genes (RB1, PTEN, and WWOX) [40]. As compared with their non-mutated tumors, tumors with
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TP53 mutations display enhanced expression of cell cycle progression genes and proteins (cyclin B1,
cyclin E1, FOXM1, and CDK1). Mutant TP53 cancers contained enhanced p53 protein expression,
presumably the mutant p53 proteins derived from non-truncating (missense) mutations. Besides, proteins
associated with the DNA damage response were also upregulated in mutant TP53 cancers [40]. . In HCC,
TP53 gene mutation is significantly correlated to p53 protein overexpression [41]. Consequently, p53
protein overexpression determined by IHC can predict P53 gene mutations in HCC patients [42]. Therefore,
the correlation between KIAA001 protein overexpression and p53 protein overexpression, found in this
study, is consistent with the correlation between KIAA0101 overexpression and P53 gene mutation in HCC
as reported by Yuan et al. [18].
The Ki-67 proliferation marker protein is the nuclear antigen recognized Ki-67 antibody; this antigen is
present in proliferating cells but absent in resting cells [43]. The Ki-67 protein is a protein phosphatase 1
(PP1)-binding protein that organizes the mitotic chromosome periphery [44]. The Ki-67 protein acts as a
biological surfactant and is required to maintain individual mitotic chromosomes dispersed in the
cytoplasm following nuclear envelope disassembly [45]. The Ki-67 protein serves as the proliferation
marker and correlated with tumor growth rate and poor prognosis in HCC [46, 47]. Furthermore, KIAA0101
also serves as a proliferation marker and a poor prognosis marker in HCC [18]. Correlation between
KIAA0101 overexpression and the Ki-67 protein has been reported in breast cancer by Kais Z et al.[48].
However, to the best of our knowledge, the present study is the first report that shows the correlation of
KIAA0101 protein overexpression and the Ki-67 protein in HCC.
Our study shows the significant correlations of KIAA0101 protein overexpression with p53 protein and Ki67 protein overexpression. Thus, it indicates that p53 protein accumulation and overexpression in HCC,
most likely caused by non-truncating (missense) TP53 mutations [40], links with the enhanced cell cycle
progression that requires the overexpression of KIAA0101 protein to cooperate with the PCNA for DNA
synthesis and repair [10, 11]. The enhanced cell cycle progression also involves the overexpression of Ki67 proliferation marker protein for maintaining individual mitotic chromosomes dispersed in the
cytoplasm during the enhanced cell division [45].
Currently, the development of targeted cancer therapies are being actively investigated against
KIAA0101/p15PAF by agents with inhibitory functions similar to KIAA0101 tv2 [28], against p53 by antimutant p53 agents or MDM2/4 antagonists [49, 50], against Ki-67 by exploitation of MKI67 promoter to
drive the expression of siRNAs or therapeutic genes [51], and against PCNA by inhibitors that are targeted
to modified PCNA involved in DNA repair [52]. These attempts might translate into the novel therapeutics
for HCC in the near future. Our study suggests that the candidates for these novel targeted therapies
would be patients with KIAA0101 overexpression in their HCC tissues, which also correlated with p53
overexpression/mutation and Ki-67 overexpression.

Conclusions
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In summary, KIAA0101 overexpression, at mRNA and protein levels, frequently occurs in HCC without
concurrent KIAA0101 gene amplification, indicating that KIAA0101 is probably transcriptional
upregulated by other factors, such as FoxM1 or transcription factors in p53-p21 pathway, Rb/E2F
pathway, etc. Significant correlations between the expression of KIAA0101 protein and p53 and Ki-67
proteins were observed in this study, indicating the connection of the aberrant p53 pathways and the
enhanced cell cycle progression. Thus, detection of KIAA0101 mRNA/protein might be used, along with
the detection of p53 and Ki-67 proteins, as potential biomarkers to select candidate patients for further
studies of novel HCC treatment related to these targets.

Abbreviations
HCC: hepatocellular carcinoma; PCNA: proliferating cell nuclear antigen; KIAA0101: PCNA-associated
factor (KIAA0101/PCLAF); tv1: transcriptional variant 1 (the canonical sequence) ; tv2: transcriptional
variant 2 ; Rb/E2F complex: Retinoblastoma-associated protein/Transcription factor E2F complex;
APC/C: anaphase-promoting complex/cyclosome (APC/C) complex; ddPCR: droplet digital PCR; real-time
PCR; p53: p53 tumor suppressor protein; TP53: TP53 tumor suppressor gene; Ki-67: Ki-67 proliferation
marker protein; MKI67: gene of Ki-67 proliferation marker protein

Declarations
Ethics approval and consent to participate
This study was approved by the Ethics Committee on Research involving Human Subjects of the Faculty
of Medicine, Ramathibodi Hospital, Mahidol University. As this retrospective study was observational and
link anonymized, no patient informed consent was required.
Consent for publication
Not applicable
Availability of data and material
All data generated or analyzed during this study are included in this published article.
Competing interests
The authors declare that they have no competing interest.
Funding
Financial support of this work was provided by a Research Grant from the Ramathibodi Foundation,
Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Thailand. The funding bodies played no

Page 11/21

role in the design of the study and collection, analysis, and interpretation of data and in writing the
manuscript.
Authors' contributions
RP designed and coordinated the overall study. AT performed detection of KIAA0101 RNA expression and
gene copy number, IHC of KIAA0101, p53 and Ki-67 proteins, as well as statistical analysis. JAM
performed interrogation of The Cancer Genome Atlas (TCGA) data for KIA0101/PCLAF and MKI67
transcript expression. AT wrote the first draft of the manuscript and contributed to every draft thereafter.
RP, PS, SL, and JAM contributed to later drafts of the manuscript. All authors analyzed the results, read
and approved the manuscript for submission.
Corresponding author
Correspondence to Ravat Panvichian
Acknowledgements
The authors thank Professor Amnuay Thithapandha for assistance in editing the paper, and Koset
Pinpradap for help in tissue sections.
Author information
Affiliations
Research Center, Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand
Anchalee Tantiwetrueangdet
Department of Internal Medicine, Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand
Ravat Panvichian
Department of Pathology, Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand
Pattana Sornmayura
Department of Surgery, Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand
Surasak Leelaudomlipi
Center for Personalized Cancer Therapy,University of Massachusetts Boston, USA
Jill A. Macoska

References
Page 12/21

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A: Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA

Cancer J Clin 2018, 68(6):394-424.
2. Nagase T, Miyajima N, Tanaka A, Sazuka T, Seki N, Sato S, Tabata S, Ishikawa K, Kawarabayasi Y,
Kotani H et al: Prediction of the coding sequences of unidentified human genes. III. The coding
sequences of 40 new genes (KIAA0081-KIAA0120) deduced by analysis of cDNA clones from human
cell line KG-1. DNA Res 1995, 2(1):37-43.
3. Yu P, Huang B, Shen M, Lau C, Chan E, Michel J, Xiong Y, Payan DG, Luo Y: p15(PAF), a novel PCNA
associated factor with increased expression in tumor tissues. Oncogene 2001, 20(4):484-489.
4. Mizutani K, Onda M, Asaka S, Akaishi J, Miyamoto S, Yoshida A, Nagahama M, Ito K, Emi M:
Overexpressed in anaplastic thyroid carcinoma-1 (OEATC-1) as a novel gene responsible for
anaplastic thyroid carcinoma. Cancer 2005, 103(9):1785-1790.
5. Petroziello J, Yamane A, Westendorf L, Thompson M, McDonagh C, Cerveny C, Law CL, Wahl A,
Carter P: Suppression subtractive hybridization and expression profiling identifies a unique set of
genes overexpressed in non-small-cell lung cancer. Oncogene 2004, 23(46):7734-7745.
6. Hosokawa M, Takehara A, Matsuda K, Eguchi H, Ohigashi H, Ishikawa O, Shinomura Y, Imai K,
Nakamura Y, Nakagawa H: Oncogenic role of KIAA0101 interacting with proliferating cell nuclear
antigen in pancreatic cancer. Cancer Res 2007, 67(6):2568-2576.
7. Chang CN, Feng MJ, Chen YL, Yuan RH, Jeng YM: p15(PAF) is an Rb/E2F-regulated S-phase protein
essential for DNA synthesis and cell cycle progression. PLoS One 2013, 8(4):e61196.
8. Emanuele MJ, Ciccia A, Elia AE, Elledge SJ: Proliferating cell nuclear antigen (PCNA)-associated
KIAA0101/PAF15 protein is a cell cycle-regulated anaphase-promoting complex/cyclosome
substrate. Proc Natl Acad Sci U S A 2011, 108(24):9845-9850.
9. Povlsen LK, Beli P, Wagner SA, Poulsen SL, Sylvestersen KB, Poulsen JW, Nielsen ML, Bekker-Jensen
S, Mailand N, Choudhary C: Systems-wide analysis of ubiquitylation dynamics reveals a key role for
PAF15 ubiquitylation in DNA-damage bypass. Nat Cell Biol 2012, 14(10):1089-1098.
10. De Biasio A, de Opakua AI, Mortuza GB, Molina R, Cordeiro TN, Castillo F, Villate M, Merino N,
Delgado S, Gil-Carton D et al: Structure of p15(PAF)-PCNA complex and implications for clamp
sliding during DNA replication and repair. Nat Commun 2015, 6:6439.
11. De March M, Barrera-Vilarmau S, Crespan E, Mentegari E, Merino N, Gonzalez-Magana A, RomanoMoreno M, Maga G, Crehuet R, Onesti S et al: p15PAF binding to PCNA modulates the DNA sliding
surface. Nucleic Acids Res 2018, 46(18):9816-9828.
12. Karg E, Smets M, Ryan J, Forne I, Qin W, Mulholland CB, Kalideris G, Imhof A, Bultmann S, Leonhardt
H: Ubiquitome Analysis Reveals PCNA-Associated Factor 15 (PAF15) as a Specific Ubiquitination
Target of UHRF1 in Embryonic Stem Cells. J Mol Biol 2017, 429(24):3814-3824.
13. Nishiyama A, Mulholland CB, Bultmann S, Kori S, Endo A, Saeki Y, Qin W, Trummer C, Chiba Y,
Yokoyama H et al: Two distinct modes of DNMT1 recruitment ensure stable maintenance DNA
methylation. Nat Commun 2020, 11(1):1222.
Page 13/21

14. Gonzalez-Magana A, de Opakua AI, Merino N, Monteiro H, Diercks T, Murciano-Calles J, Luque I,
Bernado P, Cordeiro TN, Biasio A et al: Double Monoubiquitination Modifies the Molecular
Recognition Properties of p15(PAF) Promoting Binding to the Reader Module of Dnmt1. ACS Chem
Biol 2019, 14(10):2315-2326.
15. Cheng Y, Li K, Diao D, Zhu K, Shi L, Zhang H, Yuan D, Guo Q, Wu X, Liu D et al: Expression of
KIAA0101 protein is associated with poor survival of esophageal cancer patients and resistance to
cisplatin treatment in vitro. Lab Invest 2013, 93(12):1276-1287.
16. Zhu K, Diao D, Dang C, Shi L, Wang J, Yan R, Yuan D, Li K: Elevated KIAA0101 expression is a marker
of recurrence in human gastric cancer. Cancer Science 2013, 104(3):353-359.
17. Guo M, Li J, Wan D, Gu J: KIAA0101 (OEACT-1), an expressionally down-regulated and growthinhibitory gene in human hepatocellular carcinoma. BMC Cancer 2006, 6:109.
18. Yuan RH, Jeng YM, Pan HW, Hu FC, Lai PL, Lee PH, Hsu HC: Overexpression of KIAA0101 predicts
high stage, early tumor recurrence, and poor prognosis of hepatocellular carcinoma. Clin Cancer Res
2007, 13(18 Pt 1):5368-5376.
19. Liu L, Chen X, Xie S, Zhang C, Qiu Z, Zhu F: Variant 1 of KIAA0101, overexpressed in hepatocellular
carcinoma, prevents doxorubicin-induced apoptosis by inhibiting p53 activation. Hepatology 2012,
56(5):1760-1769.
20. Zhang YJ, Jiang W, Chen CJ, Lee CS, Kahn SM, Santella RM, Weinstein IB: Amplification and
overexpression of cyclin D1 in human hepatocellular carcinoma. Biochem Biophys Res Commun
1993, 196(2):1010-1016.
21. Nishida N, Fukuda Y, Komeda T, Kita R, Sando T, Furukawa M, Amenomori M, Shibagaki I, Nakao K,
Ikenaga M et al: Amplification and overexpression of the cyclin D1 gene in aggressive human
hepatocellular carcinoma. Cancer Res 1994, 54(12):3107-3110.
22. Joo M, Kang YK, Kim MR, Lee HK, Jang JJ: Cyclin D1 overexpression in hepatocellular carcinoma.
Liver 2001, 21(2):89-95.
23. Hindson BJ, Ness KD, Masquelier DA, Belgrader P, Heredia NJ, Makarewicz AJ, Bright IJ, Lucero MY,
Hiddessen AL, Legler TC et al: High-throughput droplet digital PCR system for absolute quantitation
of DNA copy number. Anal Chem 2011, 83(22):8604-8610.
24. Panvichian R, Tantiwetrueangdet A, Angkathunyakul N, Leelaudomlipi S: TOP2A amplification and
overexpression in hepatocellular carcinoma tissues. Biomed Res Int 2015, 2015:381602.
25. Luo Y, Ren F, Liu Y, Shi Z, Tan Z, Xiong H, Dang Y, Chen G: Clinicopathological and prognostic
significance of high Ki-67 labeling index in hepatocellular carcinoma patients: a meta-analysis. Int J

Clin Exp Med 2015, 8(7):10235-10247.
26. Tantiwetrueangdet A, Panvichian R, Sornmayura P, Sueangoen N, Leelaudomlipi S: Reduced HBV
cccDNA and HBsAg in HBV-associated hepatocellular carcinoma tissues. Med Oncol 2018,
35(10):127.
27. World Health Organization: WHO guidelines on hepatitis B and C testing. Geneva; 2017.
Page 14/21

28. Liu L, Liu Y, Chen X, Wang M, Zhou Y, Zhou P, Li W, Zhu F: Variant 2 of KIAA0101, antagonizing its
oncogenic variant 1, might be a potential therapeutic strategy in hepatocellular carcinoma.

Oncotarget 2017, 8(27):43990-44003.
29. Li K, Ma Q, Shi L, Dang C, Hong Y, Wang Q, Li Y, Fan W, Zhang L, Cheng J: NS5ATP9 gene regulated
by NF-kappaB signal pathway. Arch Biochem Biophys 2008, 479(1):15-19.
30. Turchi L, Fareh M, Aberdam E, Kitajima S, Simpson F, Wicking C, Aberdam D, Virolle T: ATF3 and
p15PAF are novel gatekeepers of genomic integrity upon UV stress. Cell Death Differ 2009, 16(5):728737.
31. Zhang T, Guo J, Gu J, Chen K, Wang Z, Li H, Wang G, Wang J: KIAA0101 is a novel transcriptional
target of FoxM1 and is involved in the regulation of hepatocellular carcinoma microvascular
invasion by regulating epithelial-mesenchymal transition. J Cancer 2019, 10(15):3501-3516.
32. Hollstein M, Sidransky D, Vogelstein B, Harris CC: p53 mutations in human cancers. Science 1991,
253(5015):49-53.
33. Kandoth C, McLellan MD, Vandin F, Ye K, Niu B, Lu C, Xie M, Zhang Q, McMichael JF, Wyczalkowski
MA et al: Mutational landscape and significance across 12 major cancer types. Nature 2013,
502(7471):333-339.
34. Lane DP: Cancer. p53, guardian of the genome. Nature 1992, 358(6381):15-16.
35. Joerger AC, Fersht AR: Structural biology of the tumor suppressor p53. Annu Rev Biochem 2008,
77:557-582.
36. Cancer Genome Atlas Research Network. Electronic address wbe, Cancer Genome Atlas Research N:
Comprehensive and Integrative Genomic Characterization of Hepatocellular Carcinoma. Cell 2017,
169(7):1327-1341 e1323.
37. Shiraha H, Yamamoto K, Namba M: Human hepatocyte carcinogenesis (review). Int J Oncol 2013,
42(4):1133-1138.
38. Hussain SP, Schwank J, Staib F, Wang XW, Harris CC: TP53 mutations and hepatocellular carcinoma:
insights into the etiology and pathogenesis of liver cancer. Oncogene 2007, 26(15):2166-2176.
39. Bode AM, Dong Z: Post-translational modification of p53 in tumorigenesis. Nat Rev Cancer 2004,
4(10):793-805.
40. Donehower LA, Soussi T, Korkut A, Liu Y, Schultz A, Cardenas M, Li X, Babur O, Hsu TK, Lichtarge O et
al: Integrated Analysis of TP53 Gene and Pathway Alterations in The Cancer Genome Atlas. Cell Rep
2019, 28(5):1370-1384 e1375.
41. Hsu HC, Tseng HJ, Lai PL, Lee PH, Peng SY: Expression of p53 gene in 184 unifocal hepatocellular
carcinomas: association with tumor growth and invasiveness. Cancer Res 1993, 53(19):4691-4694.
42. Liu J, Li W, Deng M, Liu D, Ma Q, Feng X: Immunohistochemical Determination of p53 Protein
Overexpression for Predicting p53 Gene Mutations in Hepatocellular Carcinoma: A Meta-Analysis.

PLoS One 2016, 11(7):e0159636.

Page 15/21

43. Gerdes J, Schwab U, Lemke H, Stein H: Production of a mouse monoclonal antibody reactive with a
human nuclear antigen associated with cell proliferation. Int J Cancer 1983, 31(1):13-20.
44. Booth DG, Takagi M, Sanchez-Pulido L, Petfalski E, Vargiu G, Samejima K, Imamoto N, Ponting CP,
Tollervey D, Earnshaw WC et al: Ki-67 is a PP1-interacting protein that organises the mitotic
chromosome periphery. Elife 2014, 3:e01641.
45. Cuylen S, Blaukopf C, Politi AZ, Muller-Reichert T, Neumann B, Poser I, Ellenberg J, Hyman AA, Gerlich
DW: Ki-67 acts as a biological surfactant to disperse mitotic chromosomes. Nature 2016,
535(7611):308-312.
46. Ng IO, Lai EC, Fan ST, Ng M, Chan AS, So MK: Prognostic significance of proliferating cell nuclear
antigen expression in hepatocellular carcinoma. Cancer 1994, 73(9):2268-2274.
47. Ng IO, Na J, Lai EC, Fan ST, Ng M: Ki-67 antigen expression in hepatocellular carcinoma using
monoclonal antibody MIB1. A comparison with proliferating cell nuclear antigen. Am J Clin Pathol
1995, 104(3):313-318.
48. Kais Z, Barsky SH, Mathsyaraja H, Zha A, Ransburgh DJ, He G, Pilarski RT, Shapiro CL, Huang K,
Parvin JD: KIAA0101 interacts with BRCA1 and regulates centrosome number. Mol Cancer Res 2011,
9(8):1091-1099.
49. Duffy MJ, Synnott NC, McGowan PM, Crown J, O'Connor D, Gallagher WM: p53 as a target for the
treatment of cancer. Cancer Treat Rev 2014, 40(10):1153-1160.
50. Bykov VJN, Eriksson SE, Bianchi J, Wiman KG: Targeting mutant p53 for efficient cancer therapy. Nat

Rev Cancer 2018, 18(2):89-102.
51. Yang C, Zhang J, Ding M, Xu K, Li L, Mao L, Zheng J: Ki67 targeted strategies for cancer therapy. Clin

Transl Oncol 2018, 20(5):570-575.
52. Altieri AS, Kelman Z: DNA Sliding Clamps as Therapeutic Targets. Front Mol Biosci 2018, 5:87.

Table
Table 1. Correlations between KIAA0101 overexpression and other clinicopathological parameters (n=81).
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KIAA0101 overexpression†
Variables
Negative

Positive

< 50

2(9.1%)

20 (90.9%)

> 50

16(27.1%)

43 (68.2%)

<5 cm

9 (22%)

32 (78%)

>5 cm

9 (22.5%)

31 (77.5%)

P*

Age

0.07

Tumor size

0.953

AFP
< 500

12 (20%)

> 500

5 (26.3%)

48 (80%)
14 (73.7%)

0.385

HBsAg
Negative
Positive

7 (24.1%)

22 (75.9%)

11 (21.2%)

41 (78.8%)

16 (34.8%)

30 (65.2%)

2 (5.7%)

33 (94.3%)

Negative (<10%)

14 (32.6%)

29 (67.4%)

Positive (≥ 10%)

4 (10.5%)

34 (89.5%)

0.757

p53 protein expression
Negative
Positive

0.002

Ki-67 protein expression

†Result

given as n (%)

*Chi-square (χ²) test
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0.017

Figure 1
(a) Relative KIAA0101 RNA expression levels in 40 pairs of HCC and matched non-cancerous tissues were
analyzed by real-time PCR. (b) TCGA data analyzed for KIAA0101 AND MKI67 RNA expression in 365
HCC tissues and the patient survival.

Figure 2
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KIAA0101 gene copy numbers determined by ddPCR in HCC and matched non-cancerous tissues (n=36).

Figure 3
No correlation between KIAA0101 gene copy numbers and KIAA0101 RNA expression levels in 27 pairs of
HCC and matched non-cancerous tissues (Spearman r=0.02364).

Page 19/21

Figure 4
Summary of KIAA0101 protein expression detected by IHC as positive- and negative-staining in HCC and
matched non-noncancerous tissues (n=81).
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Figure 5
Representative of KIAA0101 protein expression: (a) KIAA0101 protein expression detected by IHC revealed
negative staining in matched non-cancerous tissues. (b) KIAA0101 protein expression detected by IHC
revealed positive nuclear staining in HCC tissues.
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