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Abstract: Colonic hepatic tumor overexpressed gene (ch-TOG), a member of the highly conserved XMAP215 family of 
microtubule-associated proteins (MAPs), plays a crucial role in bipolar mitotic spindle assembly. Here, we performed 
proof-of-principle studies targeting ch-TOG for the development of HCC and further compared its prognostic signifi-
cance with the clinicopathologic features of HCC. Quantitative real-time PCR was used to measure the expression 
level of ch-TOG mRNA in 207 cases of paired HCC and adjacent noncancerous liver tissues (ANLT). Additionally, 
immunohistochemistry was employed to identify ch-TOG protein in 71 HCC tissues. All HCC patients were divided 
into two groups according to the expression level of ch-TOG. Cumulative progression-free survival (PFS) and overall 
survival (OS) curves were estimated using the Kaplan-Meier method, and the prognostic value of ch-TOG was fur-
ther evaluated using the Cox proportional hazards regression model. Our studies suggested that ch-TOG is overex-
pressed in HCC tissues compared with ANLT. The ch-TOG level was correlated with other prognostic factors, includ-
ing the hepatitis B surface antigen (HBsAg) (p = 0.030), median size (p = 0.008), clinical tumor-node-metastasis 
(TNM) stage (p = 0.002), and alpha-fetoprotein (AFP) level (p = 0.030). Kaplan-Meier survival analysis showed that 
increased ch-TOG was associated with reduced PFS (p = 0.002) and OS (p = 0.004). Multivariate Cox proportional 
hazards analysis identified ch-TOG as an independent prognostic factor for the PFS (hazard ratio [HR] = 1.479, 95% 
confidence interval [CI] = 1.028-2.127, p = 0.035) and OS (HR = 1.609, 95% CI = 1.114-2.325, p = 0.011) of the 
HCC patients. Increased ch-TOG represents a powerful marker for predicting poorer prognosis in the clinical man-
agement of HCC, and may serve as a potential molecular target for HCC therapies in the future.
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Introduction

Hepatocellular carcinoma (HCC) is the most 
aggressive lethal neoplasm that causes an 
estimated 700,000 deaths worldwide [1, 2]. 
Hepatic resection represents an effective ther-
apeutic strategy that largely improves survival; 
however, most patients show relapse within 5 
years, and their prognosis is not good [3, 4]. 
Recently, many lines of compelling evidence 
have supported the idea that widespread ge- 
nomic alterations may disrupt the normal sig-
naling pathway in host cells and contribute 
directly to the evolution of HCC [5-7]. Thus, a 
better understanding of the underlying mecha-
nisms of cancer-related genes in HCC progres-

sion is central to identify potential candidates 
for the therapeutic management of HCC.

Proper and accurate segregation of duplicated 
chromosomes by the spindle apparatus is 
essential for a high-quality life in animals, espe-
cially human beings, which effectively prevent 
the increasingly proportions of numerous can-
cers [8, 9]. The spindle apparatus is a dynamic 
array of microtubules (MTs), motors and non-
motor proteins [10, 11]. Among them, non-
motor proteins were found to be crucial for pro-
moting spindle assembly and maintaining sp- 
indle function [12]. Transforming acidic coiled-
coil protein 3 (TACC3), colonic and hepatic tu- 
mor overexpressed gene (ch-TOG) and clathrin 
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are a complex of non-motor proteins that mark-
edly stabilizes MTs in the kinetochore fibers 
(K-fibers) by forming inter-MT bridges [13].

As one of the key structures of TACC3-ch-TOG-
clathrin complexes, ch-TOG is highly conserved 
from yeast to humans, and participates in a 
series of mitotic events in human cells because 
it stabilizes spindle microtubules, regulates 
centrosomal MT dynamics, and promotes bipo-
lar spindle formation [14, 15]. The dysregula-
tion of ch-TOG may dramatically reduce the 
centrosomal MT polymer mass, resulting in a 
multipolar spindle formation and contributing 
to the development of cancer [16, 17]. It has 
been reported that ch-TOG is overexpressed in 
colonic and hepatic tumors compared with cor-
responding healthy tissues [18].

However, the functional role of ch-TOG in HCC 
progression has not been well characterized. In 
the present study, we investigated the expres-
sion levels and prognostic values of the ch-TOG 
gene in HCC patients. Our data revealed that 
ch-TOG is highly expressed in human HCC spec-
imens compared with adjacent noncancerous 
liver tissues (ANLT) and represents an indepen-
dent prognostic factor of progression-free sur-
vival (PFS) and overall survival (OS) in HCC 
patients who have undergone surgical inter- 
vention.

Materials and methods

Ethics

The study protocol strictly conformed to the 
ethical guidelines of the 1975 Declaration of 
Helsinki and was approved by the institutional 
ethics committee of the Affiliated Hospital of 
Guilin Medical University. All participants sign- 
ed informed consents and allowed experiments 
to be conducted with their samples, and anal-
ysed their clinicopathologic data.

Patients and tissue samples

In this study, we investigated 207 patients who 
were diagnosed with HCC and were treated 
with hepatectomy at the Affiliated Hospital of 
Guilin Medical University, Guilin, Guangxi 
Province, China between March 2001 and 
December 2007. Routine workup was per-
formed before surgery and included typical 
physical examination, hematologic and bio-
chemistry profiles, ultrasonography (US), com-
puted tomography (CT), and magnetic reso-

nance imaging (MRI). The final diagnosis of HCC 
was confirmed by histopathological examina-
tion. The tumor stage was determined accord-
ing to the tumor-node-metastasis (TNM) classi-
fication system of the International Union 
Against Cancer, 7th Edition [19]. The conven-
tional clinicopathological variables of HCC pa- 
tients, including age, gender, family history, 
hepatitis B surface antigen (HBsAg), median 
size, cirrhosis, tumor number, wine drinking, 
smoking, TNM stage, alpha-fetoprotein (AFP), 
presence of portal vein tumor thrombus (PVTT), 
distant or lymph node metastasis (DLNM), and 
recurrence are summarized in Table 1. In addi-
tion, twelve specimens of normal liver tissues 
surrounding hepatic hemangioma tissues were 
used as normal liver tissues, which were con-
firmed by pathology. Next, 207 pairs of HCC 
samples and matched ANLT were used for 
quantitative real-time PCR (qRT-PCR) analysis, 
transported in liquid nitrogen, and then stored 
at -80°C. In addition, 71 cases of paired HCC 
and adjacent liver tissues used for immunohis-
tochemical analysis were fixed in 10% formalin 
and subsequently embedded in paraffin.

The mean follow-up period of the 207 HCC 
patients was 36.2 months (range, 2.0 to 84.0 
months). Postoperative surveillance included 
abdominal ultrasonography, chest radiography 
and serum AFP testing every 6 months for the 
first 2 years, and the same testing every 3-6 
months thereafter. Recurrence was diagnosed 
with the emergence of new hepatic lesions by 
ultrasonography, dynamic CT or MRI. PFS was 
defined as the time interval between the date 
of surgery and the date that disease progres-
sion or any cause of death was first observed. 
OS was measured as the time interval from the 
date of surgery to death or the last follow-up 
visit.

Quantitative real-time PCR (qRT-PCR) assay

Total RNA was extracted from fresh or frozen 
HCC samples using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) and was reverse transcribed 
into first-strand cDNA using the Prime Script RT 
Reagent Kit (TaKaRa, Otsu, Japan). qRT-PCR 
analysis was performed using an ABI Prism 
7500 Sequence Detector System (Applied Bio- 
systems, Foster City, CA, USA). Each well (20 μl 
reaction volume) contained 10 μl of SYBR 
Green PCR Master Mix (Applied Biosystems, 
Foster City, CA, USA), 0.2 μl of each primer, and 
1 μl of template. The primer sequences used 
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were as follows: ch-TOG (forward: 5’-CTCC- 
TGAAAGGCTTGGACAAT-3’; reverse: 5’-GCAT- 
CCCGAATCCATCTGTAAA-3’). The length of the 
amplified fragment was 209 bp. The levels of 
ch-TOG genes were normalized to levels of the 
expression of the β-actin gene (forward: 5’- 
GACAGGATGCAGAAGGAGATTACT-3’; reverse: 5’- 
TGATCCACATCTGCTGGAAGGT-3’), which gener-
ated a 142 bp fragment. Relative mRNA expres-
sion and the cut-off of high or low of ch-TOG 
were calculated according to our previous 
report [20].

Immunohistochemistry (IHC) assay

Sections were first deparaffinized with xylene 
and then rehydrated with graded ethanol and 

distilled water. Next, sections were heated in a 
microwave for 3 minutes with citrate antigenic 
retrieval buffer at pH = 6.0. Then, endogenous 
peroxidase activity was blocked with 3% H2O2 
for 10 min. Next, the sections were treated with 
10% goat serum at room temperature for 30 
minutes. Anti-ch-TOG rabbit antibody (catalog 
R37031, ATLAS ANTIBODIES Company, 1:200 
dilution) was incubated with the sections over-
night at 4°C. The following day, after washing, 
the sections were incubated with peroxidase-
conjugated goat anti-rabbit antibody at room 
temperature for 1 hour. Finally, all of the sec-
tions were stained with 3,3-diaminobenzidine 
tetrahydrochloride (DAB) and then lightly coun-
terstained with hematoxylin. For the negative 
controls, the antibody was replaced with nor-

Table 1. Correlation between the clinicopathologic variables and ch-TOG in HCC

Clinical character Clinical variable No. of patients
ch-TOG

x2 p value
Low n (%) High n (%) 

Gender Female 32 11 (34.4) 21 (65.6) 0.056 0.812 
Male  175 64 (36.6) 111 (63.4)

Age (years) ≤ 55 141 48 (34.0) 93 (66.0) 0.917 0.338 
> 55  66 27 (40.9) 39 (59.1)

Family history No 174 64 (36.8) 110 (63.2) 0.143 0.706 
Yes 33 11 (33.3) 22 (66.7)

HBsAg Negative 39 20 (51.3) 19 (48.7) 4.711 0.030 
Positive 168 55 (32.70) 113 (67.3)

Median size (range, cm) ≤ 5  70 34 (48.6) 36 (51.4) 6.970 0.008 
> 5 137 41 (29.9) 96 (70.1)

Liver cirrhosis No 20 4 (20.0) 16 (80.0) 2.525 0.112 
Yes  187 71 (38.0) 116 (62.0)

Tumor number Single 139 55 (39.6) 84 (60.4) 2.039 0.153 
Multiple 68 20 (29.4) 48 (70.6)

Wine drinking No 101 33 (32.7) 68 (67.3) 1.081 0.298 
Yes  106 42 (39.6) 64 (60.4)

Smoking No 106 35 (33.0) 71 (67.0) 0.971 0.325 
Yes 101 40 (39.6) 61 (60.4)

TNM stage  I-II 89 43 (48.3) 46 (51.7) 9.865 0.002 
III-IV 118 32 (27.1) 86 (72.9)

AFP (ng/ml) ≤ 100 74 34 (45.9) 40 (54.1) 4.704 0.030 
> 100  133 41 (30.8) 92 (69.2)

PVTT No 163 60 (36.8) 103 (63.2) 0.111 0.739 
Yes  44 15 (34.1) 29 (65.9)

DLNM No  179 66 (36.9) 113 (63.1) 0.234 0.628 
Yes  28 9 (32.1) 19 (67.9)

Recurrence No 166 64 (38.6) 102 (61.4) 1.956 0.162 
Yes 41 11 (26.8) 30 (73.2)

HBsAg, hepatitis B surface antigen; TNM, tumor-node-metastasis; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombus; 
DLNM, distant or lymph node metastasis. 
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mal rabbit serum. The immunohistochemically 
stained tissue sections were scored by two 
independent pathologists who were blinded to 
the patients’ clinical and biochemical informa-
tion. The ch-TOG immunostaining intensities 
were scored as follows: the percentage of posi-
tive cells, grades 0-3 (0, no positive cells; 1, < 
25% positive cells; 2, 25%-50% positive cells; 
3, > 50% positive cells).

Statistical analysis

All clinical statistical analyses were performed 
with SPSS 13.0 (SPSS Inc, Chicago, IL). The cor-
relation between ch-TOG expression and clini-
copathologic parameters was evaluated using 
the Pearson χ2 test. PFS and OS curves were 
obtained using the Kaplan-Meier method and 
were compared using the log-rank test. The Cox 
proportional hazards model was performed  
to determine independent prognostic factors 
based on the variables affecting survival in uni-
variate analysis, and the adjusted hazard ratio 

(HR) and the 95% confidence interval (CI) were 
estimated. Differences were considered statis-
tically significant when the p values were less 
than 0.05.

Results

Patient characteristics

The baseline characteristics of the enrolled 
participants are shown in Table 1. Of the 207 
HCC patients, 175 were male, and 32 were 
female; 141 were ≤ 55 years old, and 66 were 
> 55 years old; there were 41 HCC patients who 
showed recurrence during the follow-up period. 
The HBsAg was positive in 168 patients, and 
187 patients with liver cirrhosis. Serum AFP 
testing showed 133 patients with an increased 
AFP level (> 100 ng/ml), and 74 patients had an 
AFP level lower than 100 ng/ml. There were 70 
patients with a tumor ≤ 5.0 cm in diameter, and 
the remainder had a tumor > 5.0 cm in diame-
ter; 139 patients had one nodule, and 68 

Figure 1. ch-TOG expression is determined in HCC by qRT-PCR and immunohistochemistry. A. The relative expres-
sion of ch-TOG mRNA in 207 paired HCC tissues and matched adjacent noncancerous liver tissues (ANLT) and 
12 normal liver tissues was evaluated by qRT-PCR. The relative ch-TOG mRNA expression was normalized to the 
internal reference β-actin. B. The distribution of both ch-TOG mRNA expression and serum AFP level in 207 HCC 
patients; the numbers in the pie indicated the percentages of ch-TOG and/or AFP whose level is high (H) or low (L) 
in HCC specimens. C-E. Representative immunohistochemical expression patterns of ch-TOG in HCC specimen and 
corresponding ANLT and normal liver tissues are shown. The nuclei were counterstained with hematoxylin. Original 
magnification: ×400.
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patients had multiple nodules. According to the 
TNM staging system, 89 patients were stage 
I-II, and 118 were stage III-IV. Tumor thrombi in 
the portal vein were found in 44 patients.

mRNA and protein levels of ch-TOG in HCC 
tissues

To determine whether ch-TOG might be involved 
in HCC, we first examined the relative ch-TOG 
mRNA levels in 207 pairs of HCC tissues and 
their matched ANLT as well as in 12 normal 
liver tissues from hepatic hemangiomas sur-
rounding the liver tissues by qRT-PCR. The HCC 
specimens showed relative expression of ch-
TOG compared with their corresponding ANLT 
samples and the 12 normal liver tissues (me- 
an ± SD, 1.396 ± 0.073, 0.921 ± 0.045, and 
0.494 ± 0.081, respectively; p < 0.0001 and p 
= 0.0237, respectively) (Figure 1A). We next 
analyzed the ch-TOG protein expression in 71 
surgical specimens of HCC and the 6 normal 
liver tissues samples by IHC. The resulting da- 
ta revealed that ch-TOG protein was strongly 
expressed in 53 (74.65%) surgical HCC speci-
mens (Figure 1C); however, only 22 (30.98%) 
ANLT had positive ch-TOG staining (Figure 1D), 
and the difference in ch-TOG staining between 
the HCC and ANLT was statistically significant 
(p < 0.001), and ch-TOG protein expression was 
weak or negative in normal liver tissue (Figure 
1E).

The combination of ch-TOG and AFP improves 
the diagnostic power for HCC

We determined whether the combination of ch-
TOG and AFP represented a more powerful cri-
terion for diagnosing HCC by correlation analy-
sis. As shown in Table 1, the percentage ra- 
tes for individuals with ch-TOGhigh AFPhigh were 
44.44% (92/207), those for groups with ch-
TOGlow AFPhigh were 19.81% (41/207), and those 
for patients with ch-TOGhigh AFPlow were 19.32% 
(40/207) (Figure 1B), suggesting the combina-
tion of ch-TOG and AFP greatly increased the 
diagnostic accuracy of HCC, and that simulta-
neous detection of AFP and ch-TOG could 
improve sensitivity of diagnosis to 83.58%.

Correlation between the expression of ch-TOG 
in tumor tissues and clinicopathologic charac-
teristics in HCC patients

We next investigated the relationship between 
ch-TOG expression and clinicopathological fea-

tures of HCC patients. Compared with patients 
without the HBsAg negative, the expression of 
ch-TOG was significantly higher in patients with 
the HBsAg positive (χ2 = 4.711; p = 0.030). 
Moreover, the relative expression of ch-TOG in 
the HCC groups with a tumor diameter > 5 cm 
was remarkably higher than in those with a 
tumor diameter ≤ 5 cm (χ2 = 6.970; p = 0.008). 
Moreover, the expression of ch-TOG in advan- 
ced TNM stage (III-IV) patients was notably 
increased compared with that in early TNM 
stage (I-II) patients (χ2 = 9.865; p = 0.002). 
Furthermore, the ch-TOG levels were signifi-
cantly higher in groups with AFP > 100 ng/ml 
than in those with AFP ≤ 100 ng/ml (χ2 = 4.704; 
p = 0.030). By contrast, no significant relation-
ship was observed between the expression of 
ch-TOG and some commonly clinical parame-
ters, such as age, gender, family history, cirrho-
sis, tumor numbers, wine drinking, smoking, 
presence of PVTT, DLNM, and recurrence (all p 
> 0.05, Table 1).

Univariate and multivariate analyses of prog-
nostic parameters in HCC patients

To identify the variables with potential prognos-
tic power, the impact of traditional clinicopatho-
logical variables on HCC survival outcomes was 
investigated by univariate analysis. Next, the 
independent predictors of PFS and OS were 
determined by multivariate Cox proportional 
hazards model analysis. The HR, 95% CI, and p 
value for each parameter were calculated.

Univariate analysis results indicated that the 
high ch-TOG expression group (p = 0.002), as 
well as the median tumor size > 5 cm (p < 
0.001), multiple tumors (p < 0.001), TNM stage 
III-IV (p < 0.001), and presence of PVTT (p < 
0.001) were significant prognostic factors for 
PFS in HCC patients (Table 2). Additionally, 
some clinicopathologic features, including the 
high ch-TOG expression group (p = 0.004), as 
well as the median tumor size > 5 cm (p < 
0.001), multiple tumors (p < 0.001), TNM stage 
III-IV (p < 0.001), and presence of PVTT (p < 
0.001) significantly affected the OS of HCC 
patients (Table 3).

Multivariate analysis results showed that the 
high ch-TOG expression group (HR, 1.479; 95% 
CI, 1.028-2.127; p = 0.035) as well as a tumor 
size > 5 cm (HR, 2.771; 95% CI, 1.673-4.589; p 
< 0.001) and a TNM stage III-IV (HR, 2.025; 
95% CI, 1.285-3.190; p = 0.002) were signifi-
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cant independent prognostic factors for the 
PFS of HCC patients (Table 2). Furthermore, the 
high ch-TOG expression group (HR, 1.609; 95% 
CI, 1.114-2.325; p = 0.011) as well as a tumor 
size > 5 cm (HR, 2.804; 95% CI, 1.690-4.652); 
p < 0.001) and a TNM stage III-IV (HR, 1.993; 
95% CI, 1.267-3.134; p = 0.003) could inde-
pendently predict the OS of HCC patients (Table 
3).

Increased ch-TOG predicts poor survival

While dividing 207 HCC patients into two sub-
groups-“low ch-TOG expression” and “high ch-
TOG expression”-we investigated the relation-
ship between ch-TOG expression and patient 
survival. Kaplan-Meier survival analysis reve- 

aled that patients with high ch-TOG expressi- 
on was associated with a shorter PFS (me- 
an, 33.61 months) (95% CI, 27.63-39.59) than 
patients exhibiting low ch-TOG expression (me- 
an, 50.01 months) (95% CI, 41.73-58.27) (p = 
0.002, Figure 2A). In patients with a high ch-
TOG level, the mean OS rates were only 38.68 
months (95% CI, 33.00-44.36) compared with 
53.84 months in patients with a low ch-TOG 
level (95% CI, 46.16-61.51) (p = 0.004, Figure 
2B).

Discussion

Mitosis plays an important role in mediating 
proper and accurate chromosome segregation 
into two daughter cells [21]. Mis-regulation of 

Table 2. Univariate and multivariate analysis of progression-free survival

Clinical character Category No. of 
patients

Univariate analysis Multivariate analysis
Mean 95% CI p value HR (95% CI) p value

ch-TOG Low 75 50.01 41.73-58.27 0.002 1.479 (1.028-2.127) 0.035
High 132 33.61 27.63-39.59

Gender Female 32 49.96 36.66-63.26 0.154
Male    175 38.17 32.87-43.47

Age (years) ≤ 55 144 38.64 32.59-44.68 0.543
> 55 66 41.98 33.29-50.67

Family history No 174 37.85 32.51-43.18 0.129
Yes 33 49.24 36.63-61.85

HBsAg Negative 39 35.97 24.93-47.01 0.643 
Positive 168 40.49 34.94-46.04

Median size (range, cm) ≤ 5   70 61.48 53.94-69.03 < 0.001 2.771 (1.673-4.589) <0.001
> 5  137 28.23 22.66-33.79

Liver cirrhosis No  20 31.03 15.97-46.09 0.237
Yes   187 40.57 35.33-45.81

Tumor number Single  139 45.84 39.71-51.96 < 0.001 1.153 (0.787-1.690) 0.464
Multiple 68 26.61 19.08-34.14

Wine drinking No 101 44.91 37.42-52.40 0.102
Yes 106 35.21 28.76-41.65

Smoking No    106 43.58 36.40-50.76 0.101
Yes  101 35.79 28.97-42.61

TNM stage I-II 89 55.84 48.63-63.07 < 0.001 2.025 (1.285-3.190) 0.002
III-IV 118 27.44 21.53-33.35

AFP (ng/ml) ≤ 100 74 44.22 36.88-51.57 0.126
> 100 133 36.85 30.53-43.38

PVTT No   163 44.43 38.72-50.14 < 0.001 1.184 (0.775-1.809) 0.436
Yes 44 22.91 14.70-31.12

DLNM No  179 41.51 36.12-46.90 0.065
Yes  28 25.59 15.79-35.38

HR, hazard ratio; CI, confidence interval.
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mitotic genes has been associated with ge- 
nome instability, which is one of the dominating 
pathogeneses that leads to tumorigenesis [22-
24]. Additionally, the up-regulation of mitotic 
protein may sequester its binding partners to 
some extent, disrupting the collaborative rela-
tionships, and thereby causing mitotic catastro-
phe and defective chromosome segregation 
[25]. More importantly, cancer patients with 
chromosome instability were positively corre-
lated with an unfavorable prognosis [26]. Thus, 
a complete investigation of mitotic genes can 
provide new insights into the mechanistic de- 
tails of HCC.

ch-TOG is an evolutionarily conserved centro-
somal protein that is crucial for a diverse ar- 

ray of cellular processes. First, ch-TOG proteins 
promote the rapid elongation of short MTs by 
polymerase activity [27, 28]. Second, ch-TOG 
proteins couple with TACC3 and clathrin, which 
remarkably stabilize K-fibers by physical cross-
linking and by antagonizing MT catastrophe 
[29]. More importantly, ch-TOG is sufficient for 
regulating centrosomal MT assemble and bipo-
lar spindle formation [14, 30]. Strong evidence 
has suggested that ch-TOG mutants greatly 
influenced their binding to tubulin, an activity 
that may not motivate the incorporation of 
tubulin into a growing microtubule end, leading 
to interruption of normal mitosis [15, 31]. 
However, the contribution of ch-TOG to HCC 
development and progression has remained 
poorly understood.

Table 3. Univariate and multivariate analysis of overall survival

Clinical character Category No. of 
patients

Univariate analysis Multivariate analysis
Mean 95% CI p value HR (95% CI) p value

ch-TOG Low 75 53.84 46.16-61.51 0.004 1.609 (1.114-2.325) 0.011
High 132 38.68 33.00-44.36

Gender Female 32 54.92 43.10-66.74 0.074 
Male 175 42.17 37.14-47.21

Age (years) ≤ 55 144 43.04 37.35-48.73 0.541 
> 55 66 46.47 38.31-54.62

Family history No 174 42.32 37.27-47.37 0.092 
Yes 33 53.82 42.12-65.51

HBsAg Negative 39 41.38 30.96-51.81 0.590 
Positive  168 44.78 39.56-49.99

Median size (range, cm) ≤ 5 70 66.15 59.83-72.48 < 0.001 2.804 (1.690-4.652) < 0.001
> 5 137 32.93 27.56-38.31

Liver cirrhosis No   20 36.95 22.92-50.98 0.345 
Yes 187 44.92 39.98-49.85

Tumor number Single  139 50.17 44.51-55.82 < 0.001 1.138 (0.776-1.672) 0.506
Multiple 68 31.90 24.42-39.38

Wine drinking No 101 48.86 41.88-55.83 0.058 
Yes 106 39.70 33.57-45.83

Smoking No 106 48.74 42.15-55.33 0.058 
Yes 101 39.36 32.87-45.86

TNM stage I-II 89 60.67 54.37-66.97 < 0.001 1.993 (1.267-3.134) 0.003
III-IV 118 31.68 25.95-37.41

AFP (ng/ml) ≤ 100 74 48.89 41.76-56.04 0.092 
> 100  133 40.79 34.89-47.12

PVTT No   163 49.13 43.87-54.40 < 0.001 1.376 (0.899-2.107) 0.142
Yes 44 25.75 17.71-33.79

DLNM No 179 45.62 40.55-50.69 0.106 
Yes 28 34.82 23.53-46.11

Recurrence No  166 42.82 37.47-48.16 0.272 
Yes 41 49.63 40.42-58.85
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To our knowledge, the present study is the first 
to reveal the clinical implications and biological 
relevance of ch-TOG in the development and 
progression of HCC. Our qRT-PCR and IHC re- 
sults confirmed that ch-TOG is expressed much 
more strongly in HCC specimens than in corre-
sponding ANLT. In addition, we correlated clini-
copathological features of the patients with ch-
TOG expression and observed that up-regulation 
of ch-TOG was positively correlated with HBsAg, 
tumor size, clinical TNM stage, and serum AFP 
level, strongly indicating that the over-expres-
sion of ch-TOG is necessary for rapid MT rear-
rangements and remarkably promoting tumor 
cell division and proliferation.

The HCC cohort of large tumors (> 5 cm) showed 
a high ch-TOG expression level compared with 
the HCC cohort of small tumors (≤ 5 cm), a find-
ing that could be interpreted as the pro-onco-
genic role of ch-TOG in tumor progression. 
Mutations in the ch-TOG gene result in defec-
tive chromosome segregation, leading to aneu-
ploid cells and the further promotion of tumori-
genesis. In addition, tumor size was found to be 
an independent prognostic factor for both the 
PFS and OS of HCC patients as determined by 
our Cox proportional hazards regression model, 
a finding that was consistent with that in the 
literature: patients with a tumor size ≥ 5 cm had 
an unfavorable prognosis compared with those 
with a tumor size < 5 cm [32, 33]. This observa-
tion is consistent with tumors greater than 5.0 
cm having a high incidence of microscopic vas-
cular invasion [34, 35]. Moreover, tumors great-

er than 5 cm in diameter were also a significant 
risk factor for recurrence in HCC patients [36].

Of note, comparison of the ch-TOG expression 
level between the early (I-II) and late (III-IV) TNM 
stages showed higher ch-TOG expression in the 
advanced TNM stage, further substantiating 
that ch-TOG is involved in the development of 
HCC due largely to its vital role in controlling 
proper DNA replication and in the series of 
events following mitotic progression. The over-
expression of ch-TOG may induce similar over-
expression of its functional partners, leading to 
an altered cell division program and the promo-
tion of the tumorigenesis of HCC. We also found 
that clinical TNM stage has independent prog-
nostic significance for both the PFS and OS of 
HCC patients in the Cox proportional hazards 
regression model, a finding that is in agreement 
with that of our previous studies [20].

Generally, serum AFP level has been regarded 
as having not only diagnostic value but also 
predictive value in HCC patients in clinical prac-
tice [37, 38]. However, the diagnostic and prog-
nostic value of AFP is poor in most early stage 
HCC patients, particularly when used alone; 
30-40% patients with a normal AFP level are 
often missed, and those patients often then 
develop advanced-stage HCC [39, 40]. We 
found that the percentage of HCC patients with 
high ch-TOG expression coupled with an elevat-
ed serum AFP level was significantly higher 
than the percentage of HCC patients with either 
alone in our study cohort, highlighting that ch-

Figure 2. ch-TOG expression is positively correlated with poor outcome in HCC patients. The 207 HCC patients were 
divided into high ch-TOG expression groups (n = 132) and low ch-TOG expression groups (n = 75). Kaplan-Meier 
analysis was conducted to disclose the relationship of ch-TOG expression and the PFS (A) and OS (B) of all patients 
in the study cohort according to ch-TOG expression status.
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TOG may be an effective tumor marker comple-
mentary to serum AFP level for improving HCC 
diagnostic accuracy.

More importantly, Kaplan-Meier survival analy-
sis demonstrated that ch-TOG expression was 
significantly associated with the clinical out-
come of HCC patients in our study. Patients 
with low ch-TOG expression levels had signifi-
cantly longer PFS and OS rates than those with 
high ch-TOG expression levels. Furthermore, 
multivariate Cox analysis proved that ch-TOG is 
an independent prognostic indicator for both 
the PFS and OS of patients with HCC, suggest-
ing that ch-TOG has clinical implications in pre-
dicting the clinical outcomes of HCC patients 
who have undergone surgical resection.

In conclusion, our data significantly propose 
that the up-regulation of ch-TOG in HCC is a 
valid biomarker for the tumorigenesis of HCC, 
and could predict a poorer clinical outcome. 
Uncovering the potential functions of ch-TOG in 
HCC may provide a new avenue to exploit ch-
TOG as a molecular therapeutic target for HCC 
treatment. We hope that further investigations 
in a larger population will clearly confirm our 
results.
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