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Centromere protein F (CENPF) is an essential nuclear protein associated with the centromere-kinetochore
complex and plays a critical role in chromosome segregation during mitosis. Up-regulation of CENPF
expression has previously been detected in several solid tumors. In this study, we aim to study the
expression and functional role of CENPF in hepatocellular carcinoma (HCC). We found CENPF was fre-

Keywords: quently overexpressed in HCC as compared with non-tumor tissue. Up-regulated CENPF expression in
?EISPF HCC was positively correlated with serum AFP, venous invasion, advanced differentiation stage and a

shorter overall survival. Cox regression analysis found that overexpression of CENPF was an independent
prognosis factor in HCC. Functional studies found that silencing CENPF could decrease the ability of the
cells to proliferate, form colonies and induce tumor formation in nude mice. Silencing CENPF also resulted
in the cell cycle arrest at G2/M checkpoint by down-regulating cell cycle proteins cdc2 and cyclin B1. Our
data suggest that CENPF is frequently overexpressed in HCC and plays a critical role in driving HCC

Prognosis factor
G2/M transition

tumorigenesis.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common and
the third most deadly cancer in the world [1]. Although progress
has been made in recent decades to improve detection and treat-
ment of HCC, the 5-year survival rate for the disease remains poor
due to late presentation and the high incidence of recurrence and
metastasis [2,3]. Thus, there is a need to identify better markers
to detect the disease at an earlier stage, as well as to develop

Abbreviations: CENPF, centromere protein F; HCC, hepatocellular carcinoma;
CHD1L, chromodomain helicase DNA binding protein 1-like; JTB, jumping translo-
cation breakpoint; SHC1, Src homology 2 domain containing transforming protein
1; MADI1, mitotic arrest deficient-like 1; MAD2, mitotic arrest deficient-like 2;
BUB1, mitotic checkpoint serine/threonine kinase; TMA, tissue microarray; IHC,
immunohistochemistry; DAB, Diaminobenzidine; qRT-PCR, quantitative real time
polymerase chain reaction; siRNAs, small interfering RNAs; HE, hematoxylin and
eosin.
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new therapeutic regimens that can better target HCC. Amplifica-
tion of the long arm of chromosome 1 (1q) is one of the most fre-
quent genetic alterations in HCC [4,5]. Several candidate oncogenes
at 1q have been reported to be associated with the development
and progression of HCC, including CHD1L [6,7], JTB and SHC1 [5].
In the present study, another candidate oncogene, centromere pro-
tein F (CENPF) at 1g41, was characterized.

CENPF is a member of the centromere protein family of kineto-
chore proteins [8]. When bound together with nuclear proteins like
CENP-E, cytoplasmic dynein, MAD1, MAD2, Bub1 and BubR1, CEN-
PF acts as a subunit of the protein complex which is responsible for
kinetochore assembly, microtubule attachment, microtubule
dynamics and spindle checkpoint signaling during mitosis [9].
CENPF is expressed in a cell cycle-dependent manner. At S phase,
only low levels of CENPF can be detected in cell nucleus. At early
G2 phase, CENPF level increases, and at late G2 phase, a dynamic
spatial and temporal distribution of CENPF appears at the nuclear
envelope [10]. Following nuclear envelope breakdown, CENPF be-
comes soluble in the mitotic cytoplasm while a subset remains
bound at the outer kinetochore region until metaphase-anaphase
transition [11]. During telophase, CENPF accumulates to the intra-
ceullar bridge between the daughter cells [10], and then rapidly
proteolyzed by farnesylation and ubiquitylation at the end of
mitosis [12].
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Overexpression of CENPF has previously been reported to be
associated with non-Hodgkin’s lymphoma [13], pancreatic ductal
carcinoma [14], Wilm'’s tumor [15], neuroblastoma [16], breast can-
cer [17], colorectal gastrointestinal stromal tumors [18] and naso-
pharyngeal carcinoma [19]. CENPF overexpression has been
suggested to serve as a poor prognostic factor in breast cancer and
colorectal gastrointestinal stromal tumors [17,18]. Recently, CENPF
was also found to be frequently amplified in HCC [20]. However, the
oncogenic role of CENPF and its clinicopathological significance in
HCC has not been explored to date. In the present study, immunohis-
tochemistry was applied to investigate the expression pattern of
CENPF in a large cohort of HCC specimens, as well as the clinical sig-
nificances of CENPF overexpression in HCC. Oncogenic function of
CENPF was characterized by various functional assays.

2. Materials and methods
2.1. Clinical samples and cell lines

Forty-one pairs of freshly frozen tissue samples containing HCC
and adjacent non-tumor counterparts were obtained from the
Department of Hepatobiliary Tumor, Sun Yat-Sen University Cancer
Center (Guangzhou, China). Patient’s consent and approval from the
Institute’s Research Ethics Committee was obtained before clinical
material collection for research purposes. HCC cell lines QGY7703,
BEL7402, SMMC7721, QSG7701, HepG2, PLC8024, Huh7, H2P and

H2M, and immortalized normal human liver cell lines MIHA and
LO2 have been described in previous studies [7,21,22].

2.2. Tissue microarray (TMA) construction and immunohistochemistry
(IHC)

A total of 142 pairs of paraffin-embedded HCC samples were
used for construction of the TMA. Samples were histologically
and clinical diagnosed between 2003 and 2010 at the Sun Yat-
Sen University Cancer Center. TMA blocks construction and IHC
were performed as previously described [23]. The degree of immu-
nostaining was assessed and scored independently by two investi-
gators, blinded from the clinical parameters, according to both
intensity and extent of staining. Only cells stained in the nucleus
were taken into account. The extent of immunopositive cells was
categorized as follow: 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%)
or 4 (76-100%). The staining intensity was categorized by relative
intensity as follow: 0 (no staining), 1 (weak staining), 2 (moderate
staining) and 3 (strong staining). An overall score taking into ac-
count both parameters were then given: low CENPF expression
with sum of both scores (extent and intensity) <3 or high CENPF
expression with sum of both scores (extent and intensity) >3.

2.3. RNA extraction and quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from cultured cells or frozen
tissues using TRIZOL Reagent (Invitrogen, Carlsbad, CA). Reverse
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Fig. 1. Overexpression CENPF was determined in HCC and serve as an independent prognosis factor for cancer patients. (A) mRNA expression of CENPF in 41 matched non-
tumor and primary HCC cases as detected by qRT-PCR. Average relative expression in tumor tissues (12.63 + 3.10) was markedly higher than as compared with adjacent non-
tumor tissues (1.00 £ 0.51; P = 0.0004). 18S was amplified as an internal control. (B) Protein expression of CENPF in a panel of liver cell lines as detected by Western blot. LO2
and MIHA are immortalized, normal liver cell lines. 7721, 7703, Huh7, PLC8024, Hep3B, HepG2, H2P and H2M are HCC cell lines. Numeric number represents the intensities of
the bands of CENPF related to GAPDH. (C) Protein expression of CENPF in 6 pairs of non-tumor and HCC clinical samples as detected by Western blot. CENPF was up-regulated
in 4 of the 6 samples examined. a-Tubulin was used as a loading control. (D) Representative IHC images of CENPF staining on the TMA. Only nuclear CENPF staining was
regarded as positive signals. (E) Probability of survival of all patients with HCC: low CENPF expression, n = 41; high CENPF expression, n = 95 (P = 0.004). (F) Recurrence-free

survival analysis of CENPF expression in tumor tissues (P = 0.045).
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Table 1
Clinicopathological correlation of CENPF expression in HCC.
Clinicopathological feature Number R CENPF expression P-value
Low High
Gender
Male 125 38 87
Female 9 0.016 3 6 1.000
Age
<60 years 105 28 77
>60 years 26 -0.169 12 14 0.061
HBsAg
Negative 20 11 9
Positive 113 0.220 30 83 0.017
Serum AFP
<400 ng/ml 76 34 42
>400 ng/ml 54 0.359 6 48 0.000
Tumor size
<5cm 48 12 36
>5cm 84 —-0.087 28 56 0.334
Cirrhosis
Absent 22 9 13
Present 108 0.099 31 77 0312
Encapsulation
Absent 50 19 31
Present 80 0.124 21 59 0.176
Microsatellite
Absent 100 31 69
Present 35 0.023 10 25 0.834
Venous invasion
Absent 112 38 74
Present 23 0.171 3 20 0.050
Adjacent organ invasion
Absent 99 32 67
Present 31 0.091 7 24 0.373
Recurrence
No recurrence 66 25 41
Recurrence 67 0.169 15 52 0.060
Metastasis
No metastasis 115 32 82
Metastasis 17 -0.122 8 10 0.175
Tumor grade®
Stage I-11 81 30 51
Stage III-1V 53 0.194 10 43 0.033

Statistical significance (P < 0.05) is shown in bold.
2 AJCC.

transcription of total RNA (2 ng) was carried out using the reverse
transcription (RT)-PCR kit (Roche, Basel, Switzerland), according to
manufacturer’s instructions. For qRT-PCR, cDNA was amplified
using the SYBR Green PCR Kit (Roche) on an ABI PRISM 7900 se-
quence detection system, with the following CENPF primers (sense
5-TACTGAGTTTGAGCCAGAGGGACT-3' and antisense 5'-CAT-
GGTTGTTCTTCGCAGGATAT-3'). 18S rRNA was amplified as an
internal control. To ensure reproducibility of results, qRT-PCR
was performed in triplicates.

2.4. Western blot analysis and antibodies

Twenty-four microgram of protein was separated by SDS-PAGE
and subsequently blotted onto a polyvinylidene fluoride (PVDF)
membrane. Transferred membranes were blocked in 4% bovine
serum albumin in phosphate buffered saline (4% BSA in PBS) and
then incubated with primary antibodies overnight. Primary anti-
bodies against cyclin D1 (DCS6), p53 (7F5), CDK4 (DCS156), cyclin
B1 (V152), cdc2 and a-tublin were purchased from Cell Signaling

Technology (Beverly, MA). Anti-CENPF (ab90) was purchased from
Abcam (Cambridge, MA). Following primary antibody incubation,
membranes were rinsed and incubated with HRP-conjugated sec-
ondary antibody and developed using a standard ECL system with
signal captured on an X-ray film. Intensities of bands in cell lines
were analyzed by the Macintosh densitometry program Image]
(NIH, Bethesda, MD).

2.5. RNA interference

CENPF expression was repressed in PLC8024 and SMMC7721
cells using double-stranded siRNAs (siRNA1: 5-GGAGAAUCAAA-
GAUUGAUGGA-3' and 5-UCCAUCAAUCUUUGAUUCUCC-3'; siR-
NA2: 5'-GAGGGACUUCCAGAAGUUGUA-3' and 5-UACAACUUCU
GGAAGUCCCUC-3"). Transfection was performed using Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA) according to manufacturer’s
instructions. Scramble siRNA was used as a negative control. For
in vivo studies, stable shCENPF cells were established by shRNA
plasmid purchased from Genecopoeia (Rockville, MD).



714 Y. Dai et al./Biochemical and Biophysical Research Communications 436 (2013) 711-718

Table 2
Univariate and multivariate analyses.

Clinicopathological feature Univariate analysis

Multivariate analysis

HR® 95%CI* P HR® 95%CI° P
Gender
Male vs. female 0.735 0.294-1.836 0.509
Age
<60 vs. >60 0.695 0.352-1.372 0.294
HBsAg
(=) vs. (+) 1.855 0.798-4.311 0.151
Encapsulation
(absent vs. present) 1.194 0.697-2.046 0.518
Cirrhosis
(absent vs. present) 1.828 0.831-4.021 0.134
Tumor grade®
(I-11 vs. II-1V) 1.438 0.869-2.379 0.157
AFP (ng/ml)
(<400 vs. >400) 2.604 1.559-4.348 0.000 1.653 0.956-2.858 0.072
Microsatellite
(absent vs. present) 1.857 1.092-3.157 0.022 1.664 0.971-2.853 0.064
Tumor size
(=5cm vs. <5cm) 2.284 1.271-4.105 0.006 1.635 0.858-3.118 0.135
Tumor thrombus
(absent vs. present) 4.450 2.469-8.022 0.000 2.614 1.384-4.939 0.003
Recurrent
(No vs. Yes) 3.393 2.015-5.716 0.000 2.342 1.316-4.169 0.004
Metastasis
(No vs. Yes) 2.493 1.386-4.482 0.002 1.259 0.633-2.502 0.511
CENPF overexpression 2.532 1.313-4.883 0.006 2.161 1.070-4.363 0.032

Statistical significance (P < 0.05) is shown in bold.
a AjcC.
® Hazard ratio.
¢ Confidence interval.

2.6. In vivo tumorigenicity assay

The study protocol was approved by and performed in accor-
dance with the Committee of the Use of Live Animals in Teaching
and Research at the Sun Yat-Sen University. For CENPF transplan-
tation studies, lentiviral-delivered shRNA CENPF and shRNA con-
trol SMMC7721 cells were injected subcutaneously into the flank
of nude mice in complete medium at a concentration of 4 x 10°.
Tumor size was measured every week for 4 weeks and calculated
using the formula V= 0.5 x L x W2, Cryosections (4 pum thick) were
stained with hematoxylin and eosin (HE) and used forlHC.

2.7. Cell proliferation assay

Proliferation rates were determined using the CCK-8 Kit (Tojin-
do, Shanghai, China) according to manufacturer’s instruction. For
foci formation assays, cell growth rates were determined by color-
imetric assay using crystal violet (Sigma-Aldrich, St Louis, MO), a
cytochemical stain that binds to chromatin.

2.8. Cell cycle analysis

Cells were fixed in 70% ethanol and stained with propidium io-
dide and DNA content was analyzed by Cytomics FC 500 (Beckman
Coulter, Brea, CA). Results were analyzed by Multicycle AV soft-
ware for Windows (Phoenix Flow Systems, San Diego, CA).

2.9. Statistical analysis

All statistical analyses were performed using SPSS 16.0 (SPSS
Inc., Chicago, IL). Independent Student’s ¢t test was used to analyze
the results expressed as mean + SD. y? test or Fisher's exact test
was used to analyze the association of CENPF protein expression
and clinicopathological parameters. Kaplan-Meier plots and log-
rank tests were used for survival analysis. Univariate and multivar-
iate survival analyses were performed using the Cox proportional
hazards regression model. A P value less than 0.05 was considered
statistically significant.

3. Results
3.1. CENPF is frequently overexpressed in HCC

To analyze the expression levels of CENPF in HCC, qRT-PCR was
performed to compare the CENPF mRNA expression between tu-
mor and their paired adjacent non-tumor tissues in 41 primary
HCC samples. Results indicated that the average fold change of
CENPF mRNA in HCC was significantly higher than that in non-tu-
mor tissues (12.63 vs. 1.00, P=0.0004, independent Student’s t
test, Fig. 1A). Western blot analysis was subsequently applied to
determine protein expression levels of CENPF in 10 liver cell lines,
including two immortalized normal liver cell lines (LO2 and MIHA),
and eight HCC cell lines (SMMC7721, QGY7703, Huh7, PLC8024,
Hep3B, HepG2, H2P and H2M); as well as in 6 pairs of fresh frozen
non-tumor and HCC tissue clinical samples. CENPF expression was
found to be relatively overexpresssed in 6 of 8 HCC cell lines
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Fig. 2. In vitro functional studies in HCC cells with or without CENPF repressed. (A) Efficiency of siRNA knockdown was verified by Western blot. (B) XTT assay. 7721-scramble
and 7721-siCENPF (left) and PLC8024-scramble and PLC8024-siCENPF (right). Cells with CENPF suppressed had a decreased ability to grow than as compared with control
cells. (C) Foci formation assay. 7721-scramble and 7721-siCENPF (top) and PLC8024-scramble and PLC8024-siCENPF (bottom). Cells with CENPF suppressed had a decreased
ability to induce colony formation than as compared with control cells. *P < 0.05; **P < 0.01; ***P < 0.001. Values expressed as mean * SD of 3 independent experiments.

(including SMMC7721, PLC8024, Hep3B, HepG2, H2P and H2M),
than as compared to the two immortalized normal liver cell lines
(Fig. 1B). Similarly, CENPF expression was also found to be overex-
pressed in 4 of 6 HCC samples as compared to their matched non-
tumor tissue (Cases 1-3 and 6, Fig. 1C).

To further validate this observation, we expanded our analysis
using a larger cohort of clinical specimens sampled on a tissue
microarray (n = 142). IHC staining showed that CENPF expression
was found mostly located in the nucleus (Fig. 1D). Informative
CENPF expression was detected in 136 of the 142 cases. Other
non-informative samples included lost samples, or samples with
too few tumor cells, and thus were not used in data compilation.
CENPF overexpression was observed in 92 of 136 (67.6%) of tumor
tissues, compared with adjacent non-tumor tissue.

3.2. Overexpression of CENPF is associated with poor prognosis

Using data obtained from our IHC analysis, we further per-
formed correlative analysis (2 test) of CENPF expression in HCC
with various patient’s clinicopathological features. Overexpression
of CENPF was found to be closely associated with HBsAg
(P=0.017), AFP (P=0.000), tumor venous invasion (P=0.050)
and differentiation stage (P = 0.033) (Table 1). However, no signif-
icant association was found between CENPF expression and other

clinicopathological characteristics like gender, age, tumor size, cir-
rhosis, microsatellite formation, adjacent organ invasion, recur-
rence and metastasis (Table 1). Kaplan-Meier analysis found
both the trend of overall survival and recurrence-free survival for
HCC patients expressing low or high levels of CENPF to be signifi-
cantly diverse (P=0.004 and P = 0.045, respectively; log-rank test,
Fig. 1E and F), suggesting that high CENPF expression would lead to
a worse overall prognosis for HCC patients.

3.3. Overexpression of CENPF protein is an independent prognostic
factor of HCC

By univariate Cox regression analyses, AFP, microsatellite for-
mation, tumor size, tumor thrombus, recurrence, metastasis and
CENPF expression were all found to be closely associated with
overall survival (Table 2). Further, multivariate Cox proportional
hazard regression analysis found tumor thrombus, recurrence
and overexpression of CENPF to be independent prognostic factors
for the overall survival of HCC patients (Table 2).

3.4. CENPF knockdown inhibited tumorigenic ability of HCC cells

Kim and colleagues previously reported that overexpression of
CENPF in NIH-3T3 cells promoted cell clonogenic and invasive
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abilities [20]. To further examine the function of CENPF in HCC, we
designed and synthesized two specific siRNAs to repress CENPF in
HCC cell lines with high levels of endogenous CENPF expression.
Efficiency of siRNA silencing was validated by Western blot analy-
sis. Both siRNA sequences could effectively repress expression of
CENPF in SMMC7721 and PLC8024 (Fig. 2A). Interestingly, CENPF
presents two protein bands in 7721-scramble cells. This may be ex-
plained that CENPF protein can be post-translational modified by
phosphorylation in multiple amino acid residues, such as Ser106,
thr144, thr154, thr253, etc. [24,25]. However, after silencing CENPF
in 7721, the total protein especially the unmodified protein form
was decreased. To compare the cell growth and proliferation abil-
ities of HCC cells with or without CENPF repressed, in vitro func-
tional studies were performed. Relative cell growth rates in cells
with CENPF suppressed were significantly retarded as compared
with control cells (P < 0.05, Student’s t test, Fig. 2B). Knockdown
of CENPF could also significantly reduce the abilities of HCC cells
to form colonies, as evident in the foci formation assay (P < 0.01,
Student’s ¢ test, Fig. 2C).

To further confirm this observation, we extended our studies
using an in vivo mouse model. SMMC7721 cells with or without CEN-
PF stably repressed (ShCENPF-7721 or Vec-7721) were injected sub-
cutaneously into the dorsal flanks of athymic nude mice. Tumor size
were measured weekly for 4 weeks. Results found cells with CENPF

repressed to have a significantly retarded ability to initiate tumor
formation than as compared with control cells (Fig. 3A and B). Four
weeks following cell injection, all mice were sacrificed with xeno-
grafts harvested (Fig. 3C). IHC was performed to examine the expres-
sion of CENPF in the xenograft tumors. CENPF expression in the
tumors formed with 7711-shCENPF cells was substantially weaker
than in tumors formed with Vec-7721 control cells (Fig. 3D).

3.5. CENPF knockdown blocked cell cycle at G2/M transition

Since CENPF is a kinetochore proteinand is expressed in a cell
cycle-dependent manner, we further examined whether the func-
tional role of CENPF in HCC is regulated at the cell cycle level. Cell
cycle analysis by flow cytometry found that knockdown of CENPF
in HCC was able to arrest cells at G2/M transition (Fig. 4A). Subse-
quent analysis for cell cycle related protein expression levels by
Western blot found that G2/S checkpoint promoting factors cyclin
B1 and cdc2 were significantly down-regulated. Cyclin D1 and
CDK4 expression levels were not affected (Fig. 4B).

4. Discussion

The pathogenesis of HCC is a long process involves multiple
genetic and epigenetic changes including the amplification of
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chromosome 1q [4]. In the present study, we characterized another
candidate oncogene CENPF at 1g41. Overexpression of CENPF was
frequently detected in HCC cases, which was significantly associated
with patient’s HBsAg level (P = 0.017), serum AFP level (P = 0.000),
tumor venous invasion (P=0.050) and differentiation stage
(P=0.033). This data suggests that CENPF might be an oncogene
playing critical role in the development and progression of HCC.

CENPF had previously been reported to act as a nuclear matrix
component and to be required for kinetochore-microtubule inter-
action and spindle checkpoint during mitosis [25,26]. In cancer
cells, Cao and colleagues found that CENPF potential target chem-
icals (Zoledronic acid and FTI-277) that could significantly enhance
the chemotherapeutic sensitivity of NPC cell lines to cisplatin [19].
Moreover, forced expression of CENPF in NIH-3T3 promoted the
abilities of the cells to invade [20]. In the present work, the func-
tional role of CENPF was investigated by both in vitro and in vivo
assays after the silencing of CENPF in HCC cell lines. Our results
showed that knockdown CENPF expression in HCC cells could sig-
nificantly inhibit cell growth and colony formation. Result of
tumorigenicity assay in nude mice showed that ability of cells to
initiate tumors in vivo was drastically reduced in HCC cells with
CENPF silenced. Further analysis demonstrated that silencing CEN-
PF arrested cells at the G2/M transition, concomitant with an accu-
mulation of mature promoting factor (MPF) of G2 to M phase,
cyclin B1/CDC2 complex.

Furthermore, an important finding of our present study is that
overexpression of CENPF could be used as an independent prognos-
tic factor for HCC patients. This finding is consistent with results of
previous reports in other tumor types, where overexpression of
CENPF had been associated with a poor prognosis in breast cancer,
colorectal gastrointestinal stromal tumors and NPC patients [17-
19]. Therefore, CENPF appears to play an important role in pathogen-
esis of various human solid tumors including HCC.

In summary, we report for the first time, that overexpression of
CENPF in HCC is closely associated with tumor venous invasion and
cell differentiation. CENPF overexpression may serve as a powerful
prognostic marker for HCC and also a novel therapeutic target for
the disease.
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