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High expression of N-acetyltransferase 10: a novel  
independent prognostic marker of worse outcome  
in patients with hepatocellular carcinoma
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Abstract: N-acetyltransferase 10 (NAT10) is a nucleolar protein involved in histone acetylation, telomerase activity 
regulation, DNA damage response and cytokinesis. The expression of NAT10 was found to be enhanced in several 
types of tumors, suggesting its correlation with tumor development. However, the specific role of NAT10 in hepa-
tocellular carcinoma (HCC) is still unclear. The aim of this study was to investigate the expression of NAT10 in HCC 
patients and to assess the relationship of NAT10 expression with clinicopathological characteristics and tumor prog-
nosis. We selected 17 pairs of HCC samples and adjacent non-neoplastic tissue for mRNA expression analysis. We 
also performed immunohistochemistry in 186 HCC samples to evaluate the NAT10 protein expression. Cox regres-
sion and Kaplan-Meier analysis was used to study the diagnostic and prognostic value of NAT10. The results showed 
that NAT10 expression was mainly localized in the nuclei/nucleoli and was significantly higher in HCC tissues than 
peritumoral tissues (P < 0.01). High NAT10 expression was positively correlated with histological differentiation (P < 
0.01) and TNM classification (P < 0.01). Cox regression univariate and multivariable analysis revealed that expres-
sion of NAT10 in HCC was an independent prognostic factor for patient survival time. Our data suggested that NAT10 
might be a promising prognostic marker and potential therapeutic target in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common cancers in the world and is also 
with rapidly increased disease incidence [1, 2]. 
Every year more than half of million patients are 
diagnosed with HCC worldwide. Epidemiologic 
study has showed that around 80% of HCC are 
found in the developing countries and China 
alone accounts for more than half of the num-
ber [3]. HCC generally shows intrahepatic mul-
tiple occurrence and intrahepatic metastasis. 
About 30 to 50% of HCC patients have extrahe-
patic metastasis and the extrahepatic metas-
tasis of HCC is mostly found in the lung [4]. The 
prognosis of HCC is still very poor, only with  
a 5-year survival of 11%. The only potentially 
effective therapy is hepatectomy or orthotopic 

liver transplantation. However, most of HCC 
patients are usually diagnosed at advanced 
stages when surgical treatment are ineffective 
and these patients can only go for palliative 
treatments like transarterial chemoemboliza-
tion (TACE), radiotherapy, systemic chemother-
apy and immunotherapy [5, 6]. Distinguishing 
biomarkers for the early detection and progno-
sis of HCC is therefore necessarily required.

NAT10 (N-acetyltransferase 10 or hALP, human 
N-acetyltransferase-like protein) was primarily 
found as an enhancer for telomerase activity  
by stimulating the transcription of hTERT [7]. 
This protein is consisted of 872 amino acids 
with acetyltransferase domain and a lysine-rich 
C-terminus. In other studies, NAT10 was found 
to be involved in histone and microtubule modi-
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fication [8, 9]. NAT10 also participated in DNA 
damage response [10]. NAT10 expression was 
found in various types of human cancers and 
mainly showed nuclear/nucleolar staining. Al- 
though NAT10 may play an important role in 
carcinogenesis, there is no report on its role  
in tumorigenesis and progression of HCC. To 
explore the exact role of NAT10 in HCC, we 
examined the expression of NAT10 in HCC and 
adjacent non-tumor liver tissues. In addition, 
we investigated the correlation of NAT10 ex- 
pression level in HCC with clinicopathological 
characteristics and prognosis.

Materials and methods

Patients and tissue specimens

Formalin-fixed, paraffin-embedded materials 
from 186 liver cancer patients were collected 
from the Department of Pathology, the First 
Affiliated Hospital, College of Medicine, Zhe- 
jiang University. The clinical and pathological 

primer: 5’-GGGATTGGCCTGCAGCATA-3’, back-
ward primer: 5’-GGCTCCATGACCACATCCTT-3’. 
GAPDH forward primer: 5’-CTCTGGTAAAGTGG- 
ATATTGT-3’, backward primer: 5’-GGTGGAATV- 
ATATTGGAACA-3’. Quantitative PCR was using 
the SYBR Green Master Mix (Applied Bio- 
systems, Foster City, Calif) and running under 
the program: 95°C for 10 min, followed by 40 
cycles of 95°C for 15 s and 60°C for 1 min.

Immunohistochemical staining

Section from each block was cut at a thickness 
of 4 μm and deparaffinized in xylene, and rehy-
drated in a descending alcohol series. Antigen 
retrieval was performed by pressurized heat- 
ing in 10 mmol/L citrate buffer (pH 6.0). The 
endogenous peroxidase activity was blocked 
with 0.3% H2O2 for 15 min and then incubated 
in 5% serum to reduce non-specific binding. 
Afterwards, sections were incubated with pri-
mary mouse monoclonal anti-NAT10 antibody 
(Santa Cruz Biolotechnology, USA; 1:1000) at 

Table 1. Correlation between patient’s clinicopathologic 
features and the expression of NAT10 protein

Groups No.
Nuclear staining of NAT-10

Pearson
X2

P 
valueHigh expres-

sion (%)
Low expres-

sion (%)
Total 186 118 (63.4) 68 (36.6)
Age
    < 50 43 25 (58.1) 18 (41.9) 0.68 > 0.05
    ≥ 50 143 93 (65.0) 50 (35.0)
Gender
    Male 105 66 (62.9) 39 (37.1) 0.04 > 0.05
    Female 81 52 (64.2) 29 (35.8)
Tumor size
    < 3 cm 99 61 (61.6) 38 (38.4) 0.30 > 0.05
    ≥ 3 cm 87 57 (65.5) 30 (34.5)
Histological differentiation
    Well 55 15 (27.3) 40 (72.7) 60.16 < 0.01
    Moderately 70 44 (62.9) 26 (37.1)
    Poorly 61 59 (96.7) 2 (3.3)
Hepatic cirrhosis
    No 35 18 (51.4) 17 (48.6) 2.68 > 0.05
    Yes 151 100 (66.2) 51 (33.8)
TNM classification
    I 51 19 (37.3) 32 (62.7) 38.31 < 0.01
    II 65 36 (55.4) 29 (44.6)
    III 43 38 (88.4) 5 (11.6)
    IV 27 25 (92.6) 2 (7.4)

data was reviewed from impatient 
medical records and summarized in 
Table 1. The median follow-up period 
was 49 months (range from 5-78 
months). The stages of all patients’ 
disease were classified based on the 
TNM classification. Additionally, 17 
pairs of liver cancer tissues and 
matched adjacent normal tissue 
blocks were selected for NAT10 
expression comparison. This study 
was approved by the Hospital Ethics 
Committee.

RNA extraction and quantitative PCR

RNA from mentioned 17 pairs of tis-
sue blocks were extracted using TRI- 
zol solution (Invitrogen, USA) accord-
ing to the manufacturer’s instruction. 
Isolated RNA concentration was then 
determined using the NanoDrop ND- 
1000 spectrophometer (NanoDrop 
Technologies, USA). The RNA under-
went reverse transcription with the 
program of 30 min at 16°C, 30 min at 
42°C and 5 min at 85°C. Afterwards, 
the cDNA was subjected to quantita-
tive PCR for NAT10 mRNA expression 
level evaluation with the GAPDH as 
the internal control. NAT10 forward 
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Figure 1. Representative immunohistochemical staining of NAT10 protein in HCC and peritumoral tissues. A. Im-
munostaining pattern of NAT10 in tumor cells was more intense than nonneoplastic cells. B. Peritumoral tissues 
showed only nucleolar staining. C. HCC tissues showed strong nuclear staining. D. High NAT10 expression in mem-
branous of poorly-differentiated tumor cells (A. 100×, B, C. 400×, D. 200× magnification).

4°C for overnight. On the next day after wash-
ing in phosphate-buffered saline (PBS), the 
slides were incubated with horseradishperoxi-
dase-conjugated rabbit-anti-mouse secondary 
antibody and colorized with 3,3-diaminobenzi-
dine (DAB) chromogen solution. All the slides 
were counterstained with Mayer hematoxylin. 
Negative controls were running at the same 
time by replacing the primary antibody to non-
immune serum.

Evaluation of immunohistochemical staining

The immunostained sections were examined 
independently by two pathologists blinded to 
the clinical data. The final data of NAT10 expres-
sion was the average score evaluated by the 
two pathologists. The staining intensity was 
graded as follows: 1 for weak staining; 2 for 
moderate staining; 3 for strong staining. The 
proportion of NAT10 positive cells was scored 
according to four criteria: 0 for no positive cells; 

1 for < 10% positive cells; 2 for 10-50% posi-
tive cells; 3 for 51-80% positive cells and 4  
for > 80% positive cells. Staining index was cal-
culated as the multiplication of staining inten-
sity score and the proportion of NAT10 positive 
cells. A cut-off value of 6 was set to differenti-
ate low and high NAT10 expression.

Statistical analysis

Statistical analysis was performed using the 
SPSS statistics software (Version 18.0, Chi- 
cago) and Excel 2007. The correlation of NAT10 
expression with clinicopathological features 
was studied via Chi-square test. The overall 
survival (OS) and disease-free survival (DFS) 
were used to evaluate the influence of the 
NAT10 expression on patient prognosis. Both 
OS and DFS curves were plotted using the 
Kaplan-Meier method and log-rank test. Uni- 
variate and multivariate regression analysis 
were carried out using the Cox proportional 
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hazards regression model to examine the inde-
pendent factors involved in tumor prognosis. A 
P value < 0.05 was considered as to be statisti-
cally significant.

Results 

Localization of NAT10 in HCC

In this study, NAT10 showed major the nuclear 
and nucleolar staining and the immunostain- 
ing pattern of NAT10 in tumor cells was gener-
ally intenser than nonneoplastic cells. In addi-
tion, the expression of NAT10 in HCC was also 
altered which the staining was mainly seen  
in nucleoplasma whereas the peritumoral tis- 
sues showed only nucleolar staining (Figure  
1). In details, 165 of 186 (88.7%) HCC samples 
showed NAT10 nuclear expression. The left 21 
HCC samples had only nucleolar expression of 
NAT10 but the signal was obviously intenser 
than surrounding normal tissue. Moreover, 16 
of this 21 HCC samples were pathologically 
classified as well-differentiated tumor. Unex- 
pectedly, 12 out of 165 cases also showed 
membranous staining of NAT10 and these 12 
cases were all morphologically poorly-differen-
tiated HCC. In addition, the membranous-
expressed NAT10 was mostly found in the inva-
sive front of infiltrating tumor cells. In 89 peri- 
tumoral tissues, only 9 samples (10.1%) show- 
ed weak nuclear staining (other 80 samples 
showed only nucleolar staining). There was sig-
nificantly difference in nuclear staining betw- 
een HCC and peritumoral tissues (X2 = 160.12, 
P < 0.01).

NAT10 mRNA expression in HCC and peritu-
moural tissue

Quantitative PCR was carried out to evaluated 
NAT10 mRNA expression level and we selected 
17 pairs of HCC tissue and peritumoural tissue. 
As illustrated in Figure 2, the expression level 
of NAT10 in HCC tissue was significantly higher 
than the adjacent normal tissue (P < 0.001).

Relationship of NAT10 expression with clinical 
features

In order to verify the clinical significance of 
NAT10 in HCC patients, the correlation of 
NAT10 expression with clinic-pathologic vari-
ables was assessed. As illustrated in Table 1, 
we found a statistically significant correlation 
between NAT10 expression with histological 
differentiation (X2 = 60.16, P < 0.01), and TNM 
classification (X2 = 38.31, P < 0.01). In con-
trast, no statistically significant association 
was found for gender, age, tumor size and 
hepatic cirrhosis.

Association of NAT10 expression with patient 
survival time

Univatiate Cox regression analysis indicated 
that tumor size (P = 0.012), TNM classification 
(P = 0.001) and NAT10 expression (P = 0.002) 
were all significantly correlated with lifespan  
of HCC patients. These three factors were  
then further analyzed in a multivariable test. 
The analysis showed that high NAT10 expres-
sion (P=0.005) and TNM classification (P = 
0.026) were found to be independent prognos-
tic factors (Table 2). The data strongly support-
ed that NAT10 can be a potential prognostic 
marker for patient with HCC. Moreover, the 
Kaplan-Meier survival curves also indicated 
that high NAT10 expression in HCC tissue had 
significantly shorter survival time compared to 
HCC with no or low NAT10 expression (Figure 
3).

Discussion

Accumulating evidences had showed that the 
key reasons for malignant tumor development 
were closely linked to genes that monitor cellu-
lar differentiation, developmental processes 
and senescence during usual growth [11]. 
Therefore, finding and developing these specif-
ic and sensitive molecular biomarkers are ben-
eficial for disease management. Up to date, 
increasing number of genes have been identi-

Figure 2. Real-time quantitative PCR analysis of 
NAT10 expression in HCC and adjacent normal tis-
sue. Normalized to GAPDH mRNA levels, the expres-
sion level of NAT10 in HCC was significantly higher 
than the adjacent normal tissue (P < 0.001).
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fied which are involved in hepatocellular carci-
noma development [12, 13]. Although NAT10 
expression is found in various types of tumors 
and may play an important role in carcinogen-
esis, its role in tumorigenesis and progression 
of HCC is still unclear. Our study demonstrated 
the clinicopathological significance of NAT10 
expression in HCC.

In this study, we first analyzed the expression  
of NAT10 mRNA in HCC and adjacent noncan-

cerous tissues and found a significantly higher 
mRNA level in HCC samples. We then carried 
out the immunohistochemical staining to visu-
alize NAT10 expression and observed incre- 
ased expression of NAT10 in HCC tissues. We 
also found nucleoplasmic and even cytoplas-
mic expression of NAT10 in HCC samples while 
the normal tissue only showed nucleolar stain-
ing. Intriguingly, we found that expression of 
NAT10 was correlated with poor clinical survival 
of HCC patients which indicating that cells with 

Table 2. Univariate and multivariable analyses of prognostic factors in HCC for 5-year survival

Variable
Univariate analysis Multivariable analysis

HR P value 95% CI HR P value 95% CI
Age
    < 50 versus ≥ 50 0.916 0.806 0.430-1.425
Gender
    Male versus female 1.002 0.796 0.581-1.536
Tumor size
    < 3 cm versus ≥ 3 cm 2.940 0.012﹡ 1.315-5.876 1.189 0.076 0.813-1.386
Differentiation
    Well and mod versus poorly 1.128 0.563 0.801-1.762
Hepatic cirrhosis
    No versus yes 1.101 0.692 0.636-1.606
TNM classification
    Stage I/II versus stage III/IV 5.455 0.001﹡ 1.963-6.623 1.523 0.026﹡ 1.102-2.103
Nuclear expression of NAT10
    High versus low 3.261 0.002﹡ 1.366-4.523 2.469 0.005﹡ 1.563-3.788
CI, confidence interval; HR, hazard ratio; ﹡Significant different.

Figure 3. Correlation between expression level of NAT10 and patient’s survival. Patients with high NAT10 expression 
were closely correlated with poorer overall (OS) (A) and disease-free survival (DFS) (B).
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high level of NAT10 might progress faster and 
be more aggressive. These findings indicated 
that NAT10 expression in HCC had subcellular 
redistribution and this alteration was most like-
ly to be involved in carcinogenesis and cancer 
behaviors.

Notable, the trend of NAT10 expression redistri-
bution from nucleoli to nucleoplasma in HCC 
seemed to be highly correlated with tumor dif-
ferentiation stage. The expression of NAT10 
was diffusely distributed in the nucleoplasma 
in poorly-differentiated HCC, whereas in adja-
cent normal tissue and some well-differentiat-
ed HCC samples the expression of NAT10 was 
only localized in the nucleoli. We had found sig-
nificant difference in NAT10 expression betw- 
een tumor and peritumoral tissues, therefore 
NAT10 could be a supplementary biomarker for 
malignance discrimination, especially for distin-
guishing well-differentiated HCC and atypical 
hyperplasia. Moreover, we also observed cyto-
plasmic staining of NAT10 in several poorly-dif-
ferentiated HCC samples, particularly in the 
invasive front. These findings were consistent 
with one previous study on NAT10 expression  
in colorectal carcinoma which the researchers 
found subcellular redistribution of NAT10 (most 
of colorectal cancers showed nucleoplasmic 
NAT10 expression and more than half showed 
cytoplasmic staining). Additionally, the mem-
branous positive NAT10 was usually found at 
the invasive front tumor zone in infiltrating 
nests of colorectal carcinoma and NAT10 mem-
brane expression was correlated with aggres-
sive clinical behavior in colorectal carcinoma 
[14]. NAT10 over-expression was also observed 
in various soft tissue sarcomas which correlat-
ed with tumor histological grading. In details, 
the expression of NAT10 was found to be in- 
creasing when tumor histological grading was 
higher, especially in highly aggressive sarco-
mas [9].

The exact mechanism of NAT10 in tumorogen-
esis is still unclear. This protein was mainly 
found in the nucleolus and was involved in 
nuclear shape maintenance and DNA damage 
response [15, 16]. NAT10 might regulate net-
work organization via microtubules acetylation 
[8]. Additionally, NAT10 might be involved in 
DNA damage response and the overexpression 
of NAT10 in HCC was probably induced by aber-
rant and abnormal DNA replication in tumor 
cells [17, 18]. Besides, Zhang et al. suggested 
that in colorectal carcinoma NAT10 was regu-

lated by GSK-3β and was involved in Wnt signal-
ing pathway [14].

This was the first paper that studied the NAT10 
expression in HCC and its correlation with dis-
ease prognosis. In summary, the NAT10 protein 
was frequently over-expressed in HCC, parti- 
cularly in the nuclei. The elevation of NAT10 
expression might contribute to the tumorigen-
esis and cancer development. Therefore NAT10 
could be a promising marker for the diagnosis 
and prognosis of HCC. Further researches on 
other types of tumors are necessary for a more 
comprehensive understanding of NAT10 in can-
cer development.
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