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Abstract: Several studies have revealed that the abnormal expression of chromatin assembly fac-
tor 1, subunit A (P150) (CHAF1A) was involved in the development of some types of malignant
tumors. However, CHAF1A expression and its role in hepatocellular carcinoma (HCC) remain
poorly characterized. In this study, we first investigated CHAF1A expression in six cell lines and
116 pairs of HCC and matched normal tumor-adjacent tissues to evaluate the clinicopathological
characteristics of CHAF1A in HCC. Then, we detected the proliferation and apoptosis in HCC cells.
In addition, a subcutaneous tumor model in nude mice was performed to evaluate tumor growth
in vivo. We found that the expression of CHAF1A was significantly higher in HCC tissues than
that in adjacent nontumor tissues (P<<0.01). Clinical analysis indicated that CHAF1A expression
was significantly correlated with the tumor—node—metastasis stage, tumor number, and tumor dif-
ferentiation in HCC tissues (P<<0.05, respectively). We also found that CHAF 1A may potentially
function as a poor prognostic indicator for 5-year overall and disease-free survival in patients with
HCC (P<0.05, respectively). The elevated expression of CHAF1A was also observed in HCC cell
lines compared with that in normal LO2 hepatic cell line (P<<0.01). HCC cancer cells exhibited
inhibition of cell growth, reduction in colony-formation ability, increased cell apoptosis rate, and
impaired tumorigenicity in nude mice after CHAF1A knockdown. Collectively, we propose that
CHAF1A by potentially mediating cancer cell proliferation plays an important role in promoting
the development of HCC and may serve as a potential therapeutic target in HCC.

Keywords: CHAF1A, hepatocellular carcinoma, HCC, prognostic factor, proliferation

Introduction
Hepatocellular carcinoma (HCC) is currently one of the most common aggressive
malignant tumors due to its high recurrence rate and increasing incidence, and has
become the third leading cause of cancer deaths worldwide.! It is reported that HCC
is the second prevalent cause of cancer-related mortality among males and the third
among females in the People’s Republic of China, while the incidence rate is also
increasing rapidly in many other countries including the US and Western countries.**
Unfortunately, the treatment options for liver cancer are still quite limited and not
satisfactory, and the specific pathogenesis and progression mechanism of HCC also
remain inadequately understood.?¢ In this regard, a better understanding of the underly-
ing mechanisms of HCC and identification of effective prognostic biomarkers of HCC
are eagerly awaited to improve the survival rate of patients with HCC.

Recently, accumulating evidences suggest that chromatin remodelers and his-
tone modifiers are emerging as essential and vital roles in the development and
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progression of cancer.” It is worthy to mention that chro-
matin assembly factor-1 (CAF-1), as a highly conserved
histone chaperone heterotrimer and consisting of p48, p60,
and p150 subunits, is involved in various fundamental bio-
logical processes, can facilitate DNA replication during the
formation of nucleosome, and is involved in the restoration
of chromatin structure after DNA repair.®'° Previous find-
ings indicated that CAF-1, subunit A (P150) (CHAF1A),
the core component of CAF-1, was involved in DNA rep-
lication, regulation of related gene expression, and DNA
mismatch repair, and epigenetic regulation of embryonic
stem cell plays an irreplaceable role in multiple biological
functions.'""* Recently, increasing studies have indicated
that the dysregulated expression of CHAF1A is correlated
with many cancer types, including breast cancer, prostate
squamous cell carcinoma, glioma, and neuroblastoma.'*! In
addition, CHAF1A deregulation is significantly associated
with genomic instability in the recessively inherited bloom
syndrome and contributes to high predisposition to leukemia,
lymphoma, and other solid carcinomas.?? Hence, we infer that
CHAF1A could also be a malfunctional mediator of cancer
including HCC. Nevertheless, the role of CHAF1 in HCC
remains quite largely unknown.

In this study, we confirmed that CHAF1A was highly
expressed in HCC tissues and HCC cancer cells, and the
elevated expression level of CHAFIA was significantly
correlated with poor clinicopathological features in patients
with HCC and an independent prognostic factor for predicting
both the overall and disease-free 5-year survival of patients
with HCC. In addition, we also clarified that CHAF1A could
promote cell proliferation in HCC cells. Our results suggested
that CHAF 1A could facilitate the proliferation of HCC cells,
thereby promoting HCC growth and tumor progression, and
it may also serve as a potential prognostic factor in HCC.

Materials and methods

Clinical samples and cell lines

All HCC tissues and matched pericarcinous liver tissues
(>2 cm distance of the surgical margin) were collected
from pathologically confirmed patients with HCC who had
undergone liver resection at the First Affiliated Hospital of
Xi’an Jiaotong University. None of the patients had received
preoperative chemotherapy, radiotherapy, or radiofrequency
ablation, and the patients with the evidence of concomitant
extrahepatic disease were excluded from this study. All the
patients enrolled in this study provided written informed
consent before surgery, and all protocols were approved by
the ethics committee of the First Affiliated Hospital of Xi’an

Jiaotong University as instructed by the 1975 Declaration of
Helsinki. HCC stages were assigned according to the seventh
edition of the tumor—node—metastasis (TNM) classification
criteria of the International Union Against Cancer. Tumor cel-
lular differentiation was assessed using Edmondson’s classi-
fication. The clinicopathological data are shown in Table 1.

Cell lines including LO2, Huh7, Hep3B, HepG2, MHCC-
97H, and SMMC-7721 were purchased from the Institute
of Biochemistry and Cell Biology, Chinese Academy of
Sciences (Shanghai, People’s Republic of China). All the
abovementioned cells were grown in Dulbecco’s Modified
Eagle’s Medium (Thermo Fisher Scientific, Waltham, MA,
USA) that contained 10% fetal bovine serum (Thermo
Fisher Scientific) supplemented with 100 U/mL penicillin
and 100 ug/mL streptomycin (Sigma-Aldrich Co., St Louis,

Table | Correlations between CHAFIA expression and

clinicopathologic features in HCC

Characteristics N CHAFIA P-value

protein level
High Low

Sex 0.824
Female 26 12 14
Male 90 46 44

Age (years) 0.525
=45 30 17 13
>45 86 41 45

HBsAg status 0.652
Negative 25 14 I
Positive 9l 44 47

Cirrhosis 0.675
No 31 14 17
Yes 85 44 41

AFP (ug/L) 0.171
=400 40 24 16
>400 76 34 42

Tumor size 0.010*
=5cm 38 12 26
>5cm 78 46 32

Tumor number 0.011*
Single 76 31 45
Multiple 40 27 13

Vascular invasion 0.411
No 83 39 44
Yes 33 19 14

Edmondson grade 0.001*
I 66 24 42
v 50 34 16

TNM stage 0.021*
I+ 73 30 43
I+ 1v 43 28 15

Note: *P<<0.05, obtained by Pearson’s chi-square test.

Abbreviations: AFP, o-fetoprotein; CHAF I A, chromatin assembly factor |, subunit
A (P150); HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; TNM,
tumor—node—metastasis.
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MO, USA). All cells were cultured in 10 mL of medium at
37°C in a humidified atmosphere of 5% CO.,.

Quantitative real-time polymerase chain

reaction

The following primers were used: CHAF1A (forward
5'-GGAGCAGGACAGTTGGAGTG-3’; reverse,
5-GACGAATGGCTGAGTACAGA-3") and B-actin
(forward 5-GGGAAATCGTGCGTGACAT-3’; reverse
5’-CTGGAAGGTGGACAGCGAG-3). Total RNA was
isolated using the RNeasy Kit from Qiagen NV (Venlo, the
Netherlands). The product of cDNA synthesis was carried
out using the High-Capacity cDNA Reverse Transcription
Kit from Thermo Fisher Scientific. Polymerase chain reaction
(PCR) amplification for the quantification of the product was
performed using an ABI PRISM 7300 Sequence Detection
System (Thermo Fisher Scientific) and an SYBR® Premix Ex
Taq™ I (Perfect Real Time) Kit (Takara Bio, Shiga, Japan).
Each reaction was performed in triplicate. B-Actin was
regarded as internal control, and the relative mRNA expres-
sion was calculated by the 244 comparative method.

Immunoblotting

The following primary antibodies were used in the Western
blot assays: rabbit monoclonal CHAF1A (ab126625, 1:1,000;
Abcam) and mouse monoclonal B-actin (sc-47778, 1:1,000;
Santa Cruz Biotechnology Inc., Dallas, TX, USA) antibody. The
steps for Western blotting were followed as described earlier.”!
Protein samples were separated by denaturing gel electrophore-
sis and then transferred to polyvinylidene fluoride membrane;
blots were probed overnight with the primary antibodies.
Blots were incubated with horseradish peroxidase-conjugated
goat anti-rabbit secondary antibodies (111-035-003; Jackson
ImmunoResearch), and goat anti-mouse secondary antibodies
(115-035-003) were used at a 1:5,000 dilution followed by
washing three times with tris-buffered saline and tween 20.
The signals on band were visualized using the HyGLO HRP
Detection Kit from Denville (Metuchen, NJ, USA).

Immunohistochemical staining

Immunohistochemistry (IHC) was performed on paraform-
aldehyde-fixed paraffin sections. The following antibodies
were used in IHC along with a streptavidin peroxidase
conjugate: rabbit CHAF1A (ab126625, 1:100; Abcam) and
Ki-67 (ab15580, 1:200; Abcam) antibodies, and a rabbit
secondary antibody kit (SV0002; Boster Biotechnology) was
applied. The THC steps were performed as reported earlier.?
After all steps were completed, IHC staining was scored

independently in a blinded situation by two experienced
pathologists. A semiquantitative scoring system based
on the product of staining intensity and together with the
percentage of positive liver cells was applied in this study.
Immunostaining intensity was evaluated as the following four
grades: 0, negative; 1, weak; 2, moderate; 3, strong, and the
percentage of positive cells was categorized into the follow-
ing groups: 0, 0%; 1, 1%—10%; 2, 11%-50%; 3, 51%—80%:;
and 4, >80%. The immunostaining intensity and average
percentage of positive cells were evaluated for ten high
independent magnification fields. Then, the final weighed
expression score was obtained (0—12) after multiplying the
staining intensity by the percentage of positive cells.

Immunofluorescence

Briefly, HCC cells were fixed with 100% methanol for
5 minutes and permeabilized using 0.3% Triton X-100 for
15 minutes, then the slides were incubated in blocking buffer
(5% bovine serum albumin) for 1 hour at 37°C, and they were
incubated with mouse monoclonal Ki-67 (ab6526, 1:200;
Abcam) antibodies at 4°C overnight. The next day, the slides
were washed three times with phosphate-buffered saline and
then incubated with Alexa Fluor® 488 AffiniPure Goat Anti-
Mouse secondary antibodies (Yeasen, Shanghai, People’s
Republic of China) at room temperature for 60 minutes.
Finally, the slides were washed with phosphate-buffered
saline after 4’,6-diamidino-2-phenylindole (DAPI) staining
for 10 minutes. Fluorescence images were captured by fluores-
cence microscope (Carl Zeiss Meditec AG, Jena, Germany).

RNAI transfections

The following RNAI target sequence (CHAF1A-shRNA
sequence, 5’-CCGACTCAATTCCTGTGTAAA-3") was used
to knockdown CHAF1A expression, and the nontarget shRNA
sequence; 5’-TTCTCCGAACGTGTCACGT-3’ was applied
as a negative control (Qiagen NV). The CHAF1A-shRNA and
negative control shRNA plasmids were transfected into HCC
cells using Lipofectamine 2000 (Thermo Fisher Scientific).
Stably transfected cell clones were selected and enriched
by the limited dilution method and then used in subsequent
experiments. CHAF1A clone expressions were confirmed
using quantitative PCR (qPCR) and Western blot analysis.

Cell proliferation detection

HCC cells were seeded into 96-well plates at a density of
5,000 cells/well for 24 hours, and the status of cell proliferation
was assessed using a 5-bromodeoxyuridine (BrdU) (chemilu-
minescent; Hoffman-La Roche Ltd., Basel, Switzerland) cell
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proliferation enzyme-linked immunosorbent assay method.
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was also applied to assess cell viability
at 0 hour, 24 hours, 48 hours, and 72 hours. The absorbance
was measured at 490 nm using a Multifunction Microplate
Reader (POLARstar OPTIMA; BMG, Offenburg, Germany).
To evaluate the colony-formation ability, cells were resus-
pended and seeded onto six-well plates at a density of
3,000 cells/well and incubated for 2 weeks. After fixation,
colonies were stained with 0.5% crystal violet. Colonies were
then counted and photographed. The tests were independently
performed in triplicates. For cell cycle analysis, collected
cells were stained with 50 pg/mL propidium iodide (Sigma-
Aldrich Co.) staining solution containing 100 pg/mL RNAse,
following which the cells were fixed in ice-cold 70% ethanol
at 4°C for at least 2 hours. Triplicate samples containing at
least 1x10° cells each were subjected to flow cytometry.

Cell apoptosis detection

We performed several distinct assessments to get the con-
vincing results of cell apoptosis. First, cell apoptosis was
measured by fluorescence microscopy to identify apoptotic
nuclear changes (chromatin condensation and nuclear frag-
mentation) after staining cells with DAPI. Then, the caspase
3/7 activity assay was performed by using an Apo-ONE®
Homogeneous Caspase-3/7 assay (Promega Corporation,
Fitchburg, WI, USA), as described in our earlier study.*
Finally, an Annexin-V-FLUOS Staining Kit (Hoffman-La
Roche Ltd.) was used to evaluate the level of apoptosis.

Tumorigenicity in nude mice

A nude mouse xenograft model was established by using
5-week-old female BALB/c nude mice (Centre of Laboratory
Animals, The Medical College of Xi’an Jiaotong University,
Xi’an, People’s Republic of China). Mice were housed in
two sterilized cages at a constant temperature and humidity
and bred under a specific pathogen-free condition. All mice
were randomly assigned to two groups and were inoculated
subcutaneously into the flank of each nude mouse with 5x10°
Hep3B cells. Tumor size was measured every 5 days from day
1 to 21 after implantation. Mice were sacrificed on the 21st day
after inoculation, and their tumor volumes were measured. The
tumor volumes were calculated by the following formula:

Volume = Width? x Length x0.5 (1)
The xenograft tumor tissue was explanted for routine path-

ological examination. All animal protocols were approved
by the Institutional Animal Care and Use Committee of

Xi’an Jiaotong University and the animal care guidelines of
the Institutional Animal Care and Use Committee of Xi’an
Jiaotong University were followed.

Furthermore, Ki-67 staining was used to evaluate tumor
growth, and a terminal deoxynucleotidyl transferase-mediated
nick end labeling (TUNEL) assay kit (4810-30-K; R&D
Systems, Inc., Minneapolis, MN, USA) was used to detect
the effect of apoptosis on the isolated tumor tissues according
to the manufacturer’s guidelines.

Follow-up

The follow-up time ranged from 7 months to 70 months, and
the median was 47.5 months. All patients were followed up
once every 1-3 months in the first year and every 3—6 months
thereafter. The following follow-up methods were used:
physical examination, serum ¢t-fetoprotein level, chest X-ray,
and abdominal ultrasonography. Computed tomography
and/or magnetic resonance imaging and/or positron emis-
sion tomography were performed to clarify whether tumor
recurrence had emerged. Intrahepatic recurrence or distant
tumor metastasis detected only by imaging techniques after
surgical operation was designated as tumor recurrence.
During the duration of follow-up, 75 patients were found
with intrahepatic tumor recurrence and 19 patients developed
distant tumor metastases. The demographic features and
clinicopathological data are presented in Table 1.

Statistical analysis

All data are presented as mean and standard errors of the mean.
To assess the association between ordinal data, SPSS 20.0
statistical software (IBM Corporation, Armonk, NY, USA)
and GraphPad Prism 5 software (GraphPad Software, Inc.,
LaJolla, CA, USA) were used for Pearson’s chi-square tests,
multivariant Cox regression analysis, two-tailed Student’s
t-test, Kaplan—Meier plot, log-rank test, Pearson’s correlation
coefficient analysis, or an analysis of variance (ANOVA).
P<0.05 was considered to be of statistical significance.

Results
Elevated expression of CHAFIA

in HCC tissues and cells

We first examined tumor tissues and adjacent liver tissues
from 116 patients with HCC for CHAF1A expression by [HC.
We found strong CHAF 1A nuclear staining in the tumor cell.
In addition, CHAF1A scored higher in tumor cells when com-
pared with benign tissues (P<<0.01; Figure 1A). To confirm the
presence of abnormal CHAF1A expression, total protein and
RNA were also extracted from the abovementioned samples
and analyzed by Western blotting and qPCR, respectively. In
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Figure | The expression of CHAFIA in cell lines and HCC tissues.

Notes: (A) CHAFIA staining was significantly stronger in HCC tissues when compared with matched tumor-adjacent liver tissues using IHC. Scale bar: 100 um. The IHC
score in HCC tissues was notably higher than their corresponding adjacent NT liver tissues; n=116; **P<<0.01 by two-tailed Student’s t-test. (B) CHAFIA mRNA expression
in HCC tissues and corresponding adjacent NT liver tissues using qRT-PCR; n=116; **P<0.0l by t-test. (C) CHAFIA protein expression in tumor tissues (T) and the
corresponding adjacent non-tumorous tissues (N) using immunoblotting, eight representative cases are shown by Western blot analysis. (D) CHAFIA mRNA expression in
the immortalized normal human liver cell line L02 and five hepatoma cell lines (SMMC-7721, Hep3B, Huh7, HepG2, and MHCC-97H) using qRT-PCR. **P<<0.01 by t-test, vs
L02 group, respectively; n=3 repeats with similar results. (E) CHAFIA protein expression in the immortalized normal human liver cell line L02 and five hepatoma cell lines
(SMMC-7721, Hep3B, Huh7, HepG2, and MHCC-97H) using immunoblotting. n=3 repeats with similar results. Values are depicted as mean + SEM.

Abbreviations: CHAFIA, chromatin assembly factor |, subunit A (P150); HCC, hepatocellular carcinoma; IHC, immunohistochemistry; qRT-PCR, quantitative real-time
polymerase chain reaction; NT, nontumorous; SEM, standard error of the mean.

agreement with the IHC results, CHAF1A mRNA and protein
expression levels in matched adjacent noncancerous liver tis-
sues were obviously lower than that in HCC tissues (P<<0.01,
respectively; Figure 1B and C). We further tested the expres-
sion of CHAF1A in HCC cell lines (Huh7, Hep3B, HepG2,
MHCC-97H, and SMMC-7721) and a normal hepatocyte cell
line LO2 using quantitative real-time PCR and immunoblot
analysis. Both the mRNA and protein expression levels of
CHAFI1A in HCC cell lines were significantly higher than

that in LO2 cells (P<<0.01, respectively; Figure 1D and E).
These data indicated that CHAF 1A expression is elevated in
both HCC tissues and cells.

Correlation between CHAFIA and HCC

clinicopathologic characteristics

The correlation between the upregulated expression of
CHAF1A and clinicopathological features was next inves-
tigated in 116 HCC cases. The median expression score of
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CHAFI1A protein normalized to B-actin and analyzed by
immunoblotting was used as the cutoff point to divide the
patients into low- and high-expression groups. Accord-
ingly, a significant relationship was observed between
CHAF1 expression, Edmondson—Steiner grade, tumor
number, tumor size, and TNM stage (P<<0.05). However,
the expression of CHAF1A was not associated with other
factors (P>0.05, respectively). The results are listed in
Table 1.

High expression of CHAFIA correlates

with a worse prognosis of HCC

Furthermore, univariate prognostic analysis and multivari-
ate Cox regression models were established to evaluate the
effect of CHAF1A on overall and disease-free survival. The
patients with high-expression level of CHAF 1A protein had
a significant reduction in overall and disease-free survival.
The 5-year overall survival rate of the low-expression
CHAF1A group was 59.1%, which was significantly higher
than that of another group (32.0%, P=0.001; Figure 2A).
The 5-year disease-free survival rate of the low-expression
group was 44.1%, which was also higher than the high-
expression group (19.3%, P<<0.001; Figure 2B). Mean-
while, the associations of overall and disease-free survival
with clinicopathological characteristics in the HCC tis-
sues were assessed by univariate analysis. The univariate
analysis showed that tumor number, vascular infiltration,
Edmonson—Steiner classification, TNM stage, and the pro-
tein expression level of CHAF1A were all the prognosis
factors for HCC (the results are listed in Table 2). Further-
more, the multivariate analysis showed that the expression
of CHAFI1A was significantly associated with the overall

A 100 —ueg———— o
E\i 80 -
_ O
T 604
| T
23S
O > 404 *
<
7 20-
0 L L] 1 1

0 20 40 60 80
Time (months)

(hazard ratio [HR] 1.879; 95% CI, 1.035-3.414; P=0.038)
and disease-free survival (HR 2.058; 95% CI, 1.221-3.468;
P=0.007; Table 3). These data indicated that CHAF1A was
an independent prognosis factor of HCC.

Knockdown of CHAFI A inhibits

proliferation

As shown in Figure 1D and E, HepG2 and Hep3B cells
exhibited the higher mRNA and protein levels of CHAF1A
than other cells. Therefore, Hep3B and HepG2 cells were
selected in subsequent CHAF1A knockdown experiment.
To determine the effect of CHAF 1A on the cell proliferation
of HCC cells, we silenced CHAF1A expression in HepG2
and Hep3B cells using CHAF1A shRNA. Both the mRNA
and protein expression levels of CHAF1A were down-
regulated after treating the HepG2 and Hep3B cells with
CHAF1A shRNA (P<0.01, respectively; Figure 3A and B).
Meanwhile, BrdU and MTT assays were performed to
determine the effect of altering CHAF1A expression level
on tumor cell proliferation and viability, respectively. As
expected, after CHAF1A knockdown, HepG2 and Hep3B
cells exhibited a reduction in proliferating cells by using
BrdU incorporation enzyme-linked immunosorbent assay
(P<0.01, respectively; Figure 3C). The results of MTT
assay also showed that knockdown of CHAF1A inhibited
cell growth of HepG2 and Hep3B cells (P<<0.01, respec-
tively; Figure 3D). Moreover, 3,000 treated log-phase cells
were suspended and then plated onto six-well plates to
evaluate colony-formation ability. Cells were cultured in an
incubator for 2 weeks. Following fixation and staining with
crystal violet, the colonies were counted and photographed.
The colony number of control groups was much more than

Disease-free
survival rate (%)

O T 1 T 1
0 20 40 60 80

Time (months)

| -+~ Low CHAF1A protein

—— High CHAF1A protein |

Figure 2 Kaplan—Meier survival curves according to CHAFIA protein expression level in patients with HCC.
Notes: (A) Overall survival for CHAFIA protein expression; *P<<0.05 by log-rank test. (B) Disease-free survival for CHAFIA protein expression; *P<<0.05 by log-rank test.
Abbreviations: CHAFIA, chromatin assembly factor I, subunit A (P150); HCC, hepatocellular carcinoma.
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Table 2 Univariate prognostic analysis of overall survival and disease-free survival in patients with HCC

Variable N Overall survival rate (%) Disease-free survival rate (%)
3 years 5 years P-value 3 years 5 years P-value

Sex 0.283 0.545
Female 26 76.9 342 69.2 244
Male 90 783 50.7 56.6 347

Age (years) 0.579 0.293
=45 30 733 39.7 529 21.6
>45 86 79.7 49.0 61.9 358

HBsAg status 0.745 0617
Negative 25 80.0 42.2 72.0 36.0
Positive 9l 774 48.3 55.9 311

Cirrhosis 0.371 0.818
No 31 80.6 37.0 67.7 29.0
Yes 85 77.0 511 56.5 338

AFP (ug/L) 0.519 0.891
=400 40 84.5 47.0 66.3 30.1
>400 76 74.6 46.7 55.9 332

Tumor size 0.565 0.221
=5cm 38 8l1.3 48.8 734 38.1
>5cm 78 76.3 45.9 525 29.1

Tumor number 0.038* 0.039*
Single 76 82.6 51.8 66.4
Multiple 40 69.3 37.1 46.3 252

Vascular infiltration 0.045 0.025%
No 83 79.5 53.0 61.3 36.6
Yes 33 742 27.1 55.3 18.4

Edmondson grade <0.001* <0.001*
i 66 90.9 58.5 785 39.1
v 50 60.1 30.6 333 222

TNM stage 0.001* <0.001*
I+ 73 83.6 56.4
I+ 1v 43 68.2 27.3 46.8 16.7

CHAFIA protein level 0.001* <0.001*
Low 58 87.9 59.1 81.0 44.1
High 58 67.7 32.0 36.1 19.3

Note: *P<<0.05.

Abbreviations: AFP, o-fetoprotein; CHAFIA, chromatin assembly factor |, subunit A(P150); HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; TNM,

tumor—node—metastasis.

the CHAF1A knockdown groups (P<<0.05, respectively;
Figure 3E). Consistent with the abovementioned results, the
expression of Ki-67 which was well known as a proliferation
marker in the CHAF 1 A knockdown groups was significantly
decreased, where it was verified by immunofluorescence
staining (Figure 3F). Flow cytometry analysis of cell cycle
showed that cells lacking CHAF1A accumulated increased
S-phase DNA content compared with negative control cells

(P<<0.01, respectively; Figures 3G and S1). Collectively,
these data suggested that CHAF1 A knockdown significantly
suppressed HCC cell proliferation.

Silencing the expression of CHAFIA
induces HCC cells apoptosis

We also silenced CHAF1A expression in HepG2 and
Hep3B cells to further determine the effect of CHAF1A

Table 3 Multivariate analysis of factors contributing to overall survival and disease-free survival in patients with HCC

Variable Overall survival rate Disease-free survival rate

HR (95% CI) P-value HR (95% CI) P-value
Tumor number 0.629 (0.327-1.211) 0.165 0.586 (0.326-1.053) 0.074
TNM stage 2.673 (1.108-6.449) 0.029* 5.040 (2.195-11.571) <0.001*
Edmondson grade 2.592 (1.489-4.513) 0.001* 2.184 (1.351-3.530) 0.001*
Vascular infiltration 0.985 (0.416-2.333) 0.973 0.570 (0.256—1.267) 0.168
CHAFIA protein level 1.879 (1.035-3.414) 0.038* 2.058 (1.221-3.468) 0.007*

Note: *P<<0.05.

Abbreviations: CHAFIA, chromatin assembly factor |, subunit A(P150); Cl, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; TNM, tumor—-node—

metastasis.
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Figure 3 The effect of growth arrest after CHAFIA knockdown in HepG2 and Hep3B cells.

Notes: (A) HepG2 and Hep3B cells that had been transfected with CHAFIA shRNA or nontarget control shRNA (control), respectively, were subjected to qRT-PCR.
**P<0.01 by paired sample t-test; n=3 repeats with similar results. (B) HepG2 and Hep3B cells that had been transfected with CHAFIA shRNA or nontarget control shRNA
(control), respectively, were subjected to Western blotting. (C) Cell proliferation as assessed by BrdU cell proliferation assays was inhibited by CHAFIA shRNA in HepG2 and
Hep3B cells. #P<0.01 by t-test; n=3 repeats with similar results. (D) As assessed by MTT assays, the CHAFIA knockdown group was found to reduce the viability of HepG2
and Hep3B cells. **P<<0.01 by two-way ANOVA; n=3 repeats with similar results. (E) Representative results of colony formation of HepG2 and Hep3B after transfection.
**P<0.01 by t-test; n=3 repeats with similar results. (F) Expression of Ki-67 was verified by immunofluorescence staining after transfection. Merged pictures are overlays of
both Ki-67 green signals and nuclear staining by DAPI (blue). Magnification x400. (G) Cell cycles determined in HepG2 and Hep3B cells after transfection. Histogram indicates
the percentage of cells at GO-Gl, S, and G2-M cell cycle phases. ¥**P<<0.01 by t-test; n=3 repeats with similar results. Values are depicted as mean £ SEM.

Abbreviations: ANOVA, analysis of variance; BrdU, 5-bromodeoxyuridine; CHAFI A, chromatin assembly factor |, subunit A (P150); DAPI, 4',6-diamidino-2-phenylindole;
qRT-PCR, quantitative real-time polymerase chain reaction; MTT, 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide; SEM, standard error of the mean; OD,
optical density; RLU, relative light unit.

knockdown on the cell apoptosis of HCC cells. First, cell Silencing the expression of CHAFIA

apoptosis was measured by fluorescence microscopy to  jnhibits tumor growth in HCC xenograft
identify apoptotic nuclear changes (chromatin condensa- model

Based on the evidences showing that CHAF1A knockdown
promotes cell apoptosis and inhibits cell growth in vitro, we
inferred that CHAF1A could promote HCC progression in
vivo. To elucidate the role of CHAF1A in HCC tumorigenicity
in vivo, CHAF1A-shRNA-treated Hep3B cells were subcu-
taneously implanted into nude mice. The growth index of

down of CHAFIA (P<0.01, respectively; Figure 4B).  CHAF1A-shRNA-treated tumors distinctly reduced compared
Finally, flow cytometry assay also showed that the

tion and nuclear fragmentation) after cells were stained
with DAPI. The percentages of DAPI staining cells in the
HepG2 and Hep3B RNAI groups were significantly lower
than those in the control groups (P<<0.01, respectively;
Figure 4A). Meanwhile, Caspase 3/7 activity of Hep3B
and HepG2 cells was remarkably increased after knock-

with that of the control group (Figure 5A). Specifically, the
percentage of apoptosis cells in the HepG2 and Hep3B  average tumor size of CHAF1A knockdown tumors was
knockdown groups was obviously more than that of the  significantly smaller than that in the control group (P<<0.01;
control groups (P<<0.01; Figure 4C and D). Altogether, our  Figure 5B). We performed IHC for CHAF1A and Ki-67 as
data indicated that the downregulated CHAF1A induced  well as TUNEL assays in the xenografted tissues to confirm
HCC cell apoptosis. the effect of CHAF1A in vivo. Silencing the expression
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Figure 4 The effect of cell apoptosis after CHAFIA knockdown in HepG2 and Hep3B cells.

Notes: (A) DAPI staining assay showed that knockdown of CHAFIA induced cell apoptosis of HepG2 and Hep3B cells significantly. **P<<0.01 by paired sample t-test; n=3
repeats with similar results. (B) The activity of the proapoptotic caspases 3 and 7 was upregulated after CHAF | A knockdown in HepG2 and Hep3B cells. **P<<0.01 by t-test;
n=3 repeats with similar results. (C) Quantification of the apoptotic cell population by flow cytometry using Annexin-V and Pl staining. CHAFIA knockdown HepG2 cells
were composed of a larger subset of apoptotic cells compared with the control cells. **P<<0.01 by t-test; n=3 repeats with similar results. (D) Quantification of the apoptotic
cell population by flow cytometry Annexin-V and Pl staining. CHAFIA knockdown Hep3B cells present a more apoptotic rate of cells compared with the control cells.
**P<0.01 by t-test; n=3 repeats with similar results. Values are depicted as mean = SEM.

Abbreviations: CHAFI A, chromatin assembly factor |, subunit A (P150); DAPI, 4’,6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate; Pl, propidium iodide; SEM,
standard error of the mean.

of CHAF1A exerted an inhibiting effect on HCC growth,
leading to a significant increase in apoptotic cells and reduc-
tion in the number of Ki-67-positive staining cells, which is
consistent with our findings in vitro (P<<0.01, respectively;
Figure 5C).

Discussion
HCC is one of the most prevalent causes of cancer deaths
due to its high recurrence rate and increasing incidence in

the world.® Moreover, most patients with HCC are diagnosed
at the advanced stage and have limited chance to receive
curative treatments because of lack of specific biomarkers to
predict HCC in the early stage. Although in recent years,
targeted therapy has shown encouraging outcomes for many
tumors, including HCC, determining the pathogenesis and
the molecular mechanisms underlying the development of
HCC and developing novel biology markers are still urgently
needed for patients with HCC.
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Figure 5 CHAFIA knockdown suppresses tumor growth in vivo.

Notes: (A) Nontarget control shRNA-treated Hep3B cells (n=5) and CHAFIA knockdown Hep3B cells (n=5), respectively, were implanted into nude mice via subcutaneous
injection. Tumor nodules were measured using a caliper at different times after implantation. **P<<0.01 by two-way ANOVA. (B) CHAFIA knockdown Hep3B cells exhibited
a greater tumor-inhibiting effect compared with the control group. (C) Tumor nodules were subjected to immunohistochemical staining for Ki-67, TUNEL assays, and
quantitative analysis. Representative immunostaining and TUNEL assays revealed that CHAFIA knockdown significantly reduced the number of Ki-67 positive cells and
increased the number of apoptotic cells. Scale bar: 100 pm; n=5; **P<<0.01 by one-way ANOVA. Values are depicted as mean + SEM.

Abbreviations: ANOVA, analysis of variance; CHAFIA, chromatin assembly factor I, subunit A (P150); SEM, standard error of the mean; TUNEL, terminal deoxynucleotidyl

transferase-mediated nick end labeling.

In our study, we found that the overexpression of
CHAF1A was significantly correlated with the overall
and disease-free survival in patients with HCC. The study
also provided us evidences that CHAF1A played impor-
tant roles in promoting tumorigenesis and progression by
facilitating HCC cell proliferation. Based on our findings,
we believe that the overexpression of CHAF1A is mainly
caused by the tumor cell endogenous genetic mutations,
and the abnormal expression of CHAF1A will lead to the
dysregulated DNA damage checkpoints or the inappropriate
assembling of nucleosomes influencing the replication of
DNA and subsequently contributes to the progression of
HCC although the accurate mechanism is not well clari-
fied. There are some limitations in this study that need to
be further considered. First, we analyzed only the effects
of CHAF1A knockdown in HCC cells. More cancer cell

lines should also be assessed other than the mentioned HCC
cell lines. Second, the effects of CHAF1A overexpression
should also be evaluated to further validate its function
in HCC. Third, the accurate mechanism was not further
examined in this study.

Conclusion

Overall, we inferred that overexpression of CHAF1A con-
tributes to the progression of HCC, potentially mediating
cell proliferation, and we could hypothesize that CHAF1A
may function as a clinical biomarker and a therapeutic target
in HCC, as well.
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