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RNAi screening identifies HAT1 as a potential drug  
target in esophageal squamous cell carcinoma
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Abstract: Esophageal carcinoma (EC) is one of the most fatal carcinomas of the gastrointestinal tract. Aberrant 
activity of histone acetyltransferases (HATs)/deacetylases (HDACs) play a critical role in carcinogenesis through the 
regulation of the genes involved in cell differentiation, proliferation, and apoptosis. However, cellular functions of 
HATs/HDACs in esophageal cancer and its molecular mechanisms remain unclear. An RNAi screen was used in this 
study to identify the histone acetyltransferases (HATs) and deacetylases (HDACs) that could be critical for the sur-
vival of EC cells. We demonstrated that HAT1 (histone acetyltransferase 1) was an important determinant to regu-
late the proliferation of human EC Eca-109 cells. Furthermore, we showed that the knockdown of HAT1 induced a 
G2/M cell cycle arrest, which was associated with the disruption of cell cycle-related events, including the decrease 
of cyclinD1 as well as alteration in cyclinB1 expression. The expression of HAT1 was validated to be higher in the 
primary tumors and adjacent tissue as compared to that of the normal esophageal tissue. Furthermore, we found 
that HAT1 expression was directly correlated with the poor tumor differentiation of EC tissue, which suggested that 
HAT1 played an important role in esophageal carcinoma and that it could be a novel EC therapeutic target.
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Introduction

Esophageal carcinoma (EC), one of the most 
fatal carcinomas of the gastrointestinal tract, 
carries a poor prognosis with a 5-year survival 
of 15-34% [1]. Because of its poor outcomes 
from conventional therapies including surgery 
and radiochemotherapy, much efforts have 
been made to characterize the genes involved 
in EC progression and development [2, 3], 
which might assist in developing novel biomark-
ers and therapeutic targets for EC. The develop-
ment of RNAi libraries and high throughput 
screening (HTS) technologies has made it pos-
sible to identify the key determinants of cancer 
cells survival [4].

The acetylation of lysine residues, located in 
the N-terminal tails of histone, is one of the key 
features associated with active gene transcrip-
tion [5]. Two classes of proteins determine the 
acetylation status of the histones-histone ace-
tyl-transferases (HATs) and histone deacety-
lases (HDACs) [5]. Emerging evidence have 

demonstrated that acetylation and deacety-
lation of histones regulate multiple cellular pro-
cesses such as transcriptional activity, genome 
stability, and signaling pathways [6-8]. Aberrant 
activity of HATs/HDACs is thought to play a criti-
cal role in carcinogenesis through the regula-
tion of genes involved in cell differentiation, 
proliferation and apoptosis [9, 10]. Therefore 
HATs/HADC inhibitors have emerged as promis-
ing target therapy, and several classes of HAT/
HDAC inhibitors have been found to have potent 
and specific anticancer activities in preclinical 
studies [11, 12]. However, the molecular mech-
anisms of HATs/HDACs function in EC are poorly 
understood and more studies should be con-
ducted to identify novel tumor-related HATs/
HDACs and clarify their roles in the initiation 
and progression of EC.

To identify the HATs/HDACs related to EC, we 
performed an RNAi screening for the genes 
involved in the proliferation regulation of human 
EC Eca-109 cells by using a lentiviral short-hair-
pin RNA (shRNA) library. This approach led to 
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the identification of histone acetyltransferase 1 
(HAT1), where its knockdown remarkably inhib-
ited the growth of Eca-109 cells. Further study 
showed that HAT1 silencing induced a G2/M 
cell cycle arrest, which was related to a 
decreased cyclinB1 and a decreased cyclinD1. 
Moreover, we observed an obviously higher 
HAT1 mRNA level in the EC primary tumor adja-
cent tissue as compared to that of the normal 
esophageal tissue. Furthermore, we found that 
a high expression of HAT1 was significantly cor-
related with a poor EC tumor differentiation.

Materials and methods

Cell cultures and reagents

Human Eca-109 cell line was obtained from 
Shanghai Institute of Cell Biology, Chinese 
Academy of Sciences. Eca-109 cells were main-
tained in RPMI 1640 medium supplemented 
with 10% fetal bovine serum (FBS) at 37°C and 
5% CO2. A customized lentiviral shRNA library 
(3D-HTS, China) was used for RNAi screening, 
targeting 20 histone acetylase and deacety-
lase genes, with 8 distinct shRNA sequences 
per enzyme. All eight sequences targeting each 
enzyme were evenly divided into two pools.

transcribed to cDNA using RT reagent Kit 
(TaKaRa). Forward and reverse primers for 
HAT1 included: 5’-TGATGAAAGATGGCACTACTT- 
TCTAGT-3’ and 5’-AGCCTACGGTCGCAAAGAG-3’. 
Real-time qPCR was performed on CFX-96 (Bio-
lab), with endogenous control hActb. All sam-
ples were analyzed in triplicate. As for RNAi 
samples, gene expression was assessed rela-
tive to the expression of housekeeping gene 
hActb. This was further adjusted relative to the 
expression in shControl-infected cells. As for 
the clinical samples, each sample was normal-
ized to the hActb.

Flow cytometry

Eca-109 cells were harvested after being 
infected with shRNA lentivirus for 96 h, and 
were fixed with 70% ethanol at -20°C for at 
least 2 h. The fixed cell pellet was resuspended 
in PBS with 200 μg/ml RNase A and was incu-
bated at 37°C for 1 h. PI was added to a final 
concentration of 50 μg/ml before analysis on 
the flow cytometer. The percentage of cell pop-
ulation in each phase of the cell cycle was mea-
sured using FACStar and the results were ana-
lyzed with the software CELLQUEST (Becton 
Dickinson and Company, New Jersey, USA).

Figure 1. RNAi screening with a lentiviral shRNA library. Eca-109 cells were 
plated in the 96-well plates and were infected with a library targeting 20 HATs/
HDACs. Each gene contained two pools of four distinct shRNA species target-
ing different sequences of the target transcript. The screening was repeated in 
three independent plates at the same time. Negative control was infected with 
the empty vector lentivirus. Five days after the infection, the cell viability was 
assessed using tetrazolium compound (MTS) cell proliferation assay (promega, 
USA). Error bars represent the standard error of the mean (SEM).

RNAi screening

Eca-109 cells (1,200 per 
well) were plated in 96 well 
plates and were infected 
with shRNA library 24 hr 
later. Infections were per-
formed in three replicates in 
the primary screening and 
validation assays. After 120 
hr post infection, the tetra-
zolium compound (MTS) cell 
proliferation assay (Prome- 
ga, USA) was performed to 
measure the cell viability. 
Four distinct shRNA species 
targeting each gene were 
used to revalidate hits from 
the primary screening. Vali- 
dation of mRNA expression 
was measured by quantita-
tive PCR.

Quantitative PCR

RNA samples were extract-
ed with RNeasy Mini Kit 
(Qiagen) and were reversely 
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Western blotting

Whole-cell lysates were resuspended in 1 × 
SDS loading buffer (1 mmol•L-1 Na3VO4, 10 
mmol•L-1 NaF, and 1 mmol•L-1 PMSF) contain-
ing protease inhibitors. Lysates (20 μg per lane) 
were applied to SDS-PAGE. Immunoblotting of 
Abs specific for GAPDH (Abmart, 080922), 
HAT1 (Santa Cruz, sc-390562), AKT (Santa 
Cruz, sc-8312), p-AKT (Santa Cruz, SC-7985-R), 
ERK (Santa Cruz, SC-7985-R), p-ERK (Santa 
Cruz, SC-7985-R), cyclinB1 (Santa Cruz, SC- 
7985-R), and cyclinD1 (Santa Cruz, SC-7985-R) 
were detected using HRP-conjugated anti-
mouse (Promega) or anti-rabbit (Promega) and 
were visualized by chemiluminescence detec-
tion system (Millipore, WBKLS0500).

Patients and clinical tissue samples for qPCR 
and IHC

Primary tumor, adjacent tissue, and normal 
esophageal tissue were obtained from the 
Department of Thoracic Surgery, Zhongshan 
Hospital, Shanghai, China. The malignant sam-
ples used for immunohistochemistry were from 
the patients who underwent the surgery thera-
py at the same institute. The study was reviewed 
and approved by the Institutional Ethics 
Committee at Zhongshan Hospital, Shanghai, 
China. All the patients signed informed con-
sents to give permission for the use of their 
tumor tissues.

Immunohistochemistry

The tissue sections were cut for immunohisto-
chemistry, blocked with milk for 10 min, and 
incubated with the primary monoclonal anti-

body for 2 h at 60°C. For HAT1 staining, sec-
tions were incubated with anti-HAT1 monoclo-
nal antibody (1:2000 dilution; Gene, USA) for 
24 min at 25°C. They were then incubated with 
HRP-DAB reagent (Roche) for 30 min. Hema- 
toxylin was used as the nuclear counterstain 
and the sections were examined with a micro-
scope (Nikon Eclipse 50i, Nikon Inc.).

The HAT1 positive Cells had brown granules in 
their nucleus. HAT1 expression was semi-quan-
titatively determined by two pathologists, as 
previously described [13]. Tissue sections were 
scored based on the immunostaining intensity 
of the nuclear HAT1 in the normal and tumor-
ous esophageal epithelial cells, using the score 
0, 1, 2, 3 to represent no staining, mild, moder-
ate, and intense, respectively. Sections that 
scored 2 or 3 were evaluated as positive 
samples.

Statistical analysis

Data were expressed as the mean±standard 
deviation. Statistical analysis was performed 
with SPSS version 19.0. One way analysis of 
variance was employed for the comparisons of 
the means among groups. A value of P < 0.05 
was considered to be statistically significant. 
The relation between the HAT1 immunostaining 
score and its mRNA level was examined using 
quantitative RT-PCR and was analyzed using 
the Fisher’s exact test. The relation between 
HAT1 overexpression and its clinicopathologi-
cal characteristics was analyzed using the chi-
square test or the Fisher’s exact test. The over-
all survival curves were calculated using the 
Kaplan-Meier method and were compared 
using a log-rank test.

Table 1. Positive genes in the RNAi screening

shRNA pool Cell viability 
(% of control) P-value Gene 

symbol Entrez gene name

CIITA-2 46.0 ± 7.8 < 0.001 CIITA class II, major histocompatibility complex, transactivator
EPC1-1 74.8 ± 3.5 < 0.001 EPC1 enhancer of polycomb homolog 1
EPC1-2 37.4 ± 2.6 < 0.001 EPC1 enhancer of polycomb homolog 1
ESCO2-1 81.8 ± 9.0 < 0.001 ESCO2 establishment of cohesion 1 homolog 2
ESCO2-2 83.3 ± 7.3 0.028 ESCO2 establishment of cohesion 1 homolog 2
HAT1-1 60.5 ± 10.4 < 0.001 HAT1 histone acetyltransferase 1
HAT1-2 83.3 ± 2.2 0.009 HAT1 histone acetyltransferase 1
HDAC3-2 82.6 ± 5.6 0.007 HDAC3 histone deacetylase 3
SIRT1-2 75.7 ± 2.0 < 0.001 SIRT1 sirtuin 1
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Results

Identification of HATs/HDACs involved in Eca-
109 cell proliferation through RNAi screening

An RNAi screening was adopted to identify the 
HATs/HDACs regulate of cell survival as previ-
ously described. A total of six genes were iden-
tified, where their knockdown significantly 
decreased the cell viability by ≥ 20% as com-
pared to the negative control (Figure 1, Table 
1). Among these genes, HDAC1 has been dem-
onstrated to play a critical role in tumorigenesis 
and has since became a potent target for can-
cer therapy [14]. Other genes, such as KAT2B 
and EPC1, have barely been studied in the  
context of cancer, except that KAT2B was 

mary and metastatic human colorectal cancer 
samples HAT1 mRNA and protein levels were 
elevated as compared to those of the normal 
colorectal mucosa [13]. However, the function 
of HAT1 in either esophageal cancer develop-
ment or target therapy is not well known. 
Therefore, we further validated the influence of 
HAT1 inhibition on cell survival and elucidated 
the molecular mechanism through which HAT1 
regulates Eca-109 cell survival.

Inhibition of HAT1 decreased Eca-109 cell 
viability

In the primary screen, inhibition of HAT1 signifi-
cantly decreased the Eca-109 cell viability by 
39% (P = 0.009). To validate the specificity of 

Figure 2. Validation of HAT1 effect on cell viability. The positive hit HAT-1 shRNA pool from screening was revalidated 
with four distinct shRNA species (numbered as A, B, C, and D). Eca-109 cells were infected with four individual 
shRNA for five days and the cell viability was measured. **P < 0.01, ***P < 0.001 as compared to shCtrl (Student’s 
t test). Error bars represent the standard errors of the mean (SEM). shHAT1-D caused the most potent cell viability 
inhibition. Following infection of Eca-109 cells with shHAT1-D, HAT1 mRNA levels were quantified by qPCR as well as 
the protein levels were quantified by western-blot.

Figure 3. HAT1 knockdown induced G2/M cell cycle arrest. Eca-109 Cells were 
infected with shHAT1-D or shCtrl for five days. Cell cycle profiles were assessed 
by propidium iodide (PI) staining using flow cytometric analysis. Histogram repre-
sented the percentage of the cells in each phase of the cell cycle. CyclinB1 and 
cyclinD1 were measured by Western blot assay after the infection of the Eca-109 
cells with shHAT1-D for five days. ERK 1/2 phosphorylation, AKT phosphorylation 
at Ser473, total ERK1/2, and total AKT were determined by Western blot assay 
after the infection of the Eca-109 cells with shHAT1-D for five days.

reported to acetylate a 
novel anticancer gene 
Brahma (BRM) [15]. EPC1 
has been characterized as 
a significantly mutated 
gene in the pancreatic 
cancer [16]. Another novel 
distinguished gene, HAT1, 
was the first histone acet-
yltransferase identified. A 
number of studies have 
begun to link HAT1 to can-
cer. In many cases of dif-
fuse large B-cell lympho-
ma (DLBCL) the expression 
of HAT1 was higher as 
compared to the reactive 
lymphoid hyperplasia, and 
was correlated with a poor 
survival [17]. In both pri-
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the effects observed, HAT1 was reassayed 
using each of the four different shRNA species 
that comprised the positive shRNA pool. We 
observed two shRNA species that caused a sig-
nificant reduction in the viability of Eca-109 by 
≥ 60% (Figure 2A). This observation indicated 
that the phenotype caused by HAT1 knockdown 
was unlikely to be the result of an off-target 
effect [18]. Therefore, shHAT1-D was selected 
for further study based on its antiproliferative 
effects, and the target silencing efficacy of 
shHAT1-D was confirmed by quantitative PCR 
and western-blot (Figure 2B, 2C).

Knockdown of HAT1 induced a G2/M cell cycle 
arrest

To further elucidate the mechanism of the inhi-
bition of Eca-109 cells by the HAT1 silencing, 

cell cycle profiles were monitored by flow cyto-
metric analysis of DNA content. The results 
suggested that HAT1 knockdown induced a 
G2/M cell cycle arrest. The cells with HAT1 
knockdown showed an increase in the percent-
age of cells in the G2/M phase from 20.8% to 
30.5% as compared to the negative control. 
Therefore, the growth inhibitory effect of HAT1 
knockdown might be due to the G2/M cell cycle 
arrest.

To investigate the underlying molecular mecha-
nism of the cell cycle arrest, we examined the 
expression of cell cycle-related molecules by 
western blot analysis. Also, we found that 
cyclinB1 expression was decreased as well as 
cyclinD1 expression was reduced following 
HAT1 inhibition. Furthermore, phosphorylation 
of ERK and AKT was markedly inhibited while 

Figure 4. Representative photographs of  negative HAT1 expression in well-differentiated (A&B) and positive HAT1 
expression in poor-differentiated (C&D) esophageal squamous cell carcinoma(ESCC). (A) HAT1 negative tissue with 
a lower power view (20 ×) with less nuclear staining in the well-differentiated squamous cell carcinoma. (B) HAT1 
negative tissue with a medium power view (100 ×) with less positive staining in well-differentiated squamous cell 
carcinoma. (C) HAT1 positive tissue with a lower power view (50 ×) with diffuse nuclear staining in poorly differenti-
ated carcinoma. (D) HAT1 positive tissue with medium power view (100 ×) with the cell nuclear strongly immunore-
active for HAT1.
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the total AKT and ERK levels remained unal-
tered (Figure 3B, 3C). CyclinB1 activity is essen-
tial for the progression from G2 into M phase.  
On the other hand, cyclinD1 as a critical factor 
for initiation of cell cycle and proliferation was 
downregulated, which might have resulted from 
the down-regulation of the AKT and ERK path-
ways [19, 20].

HAT1 was highly expressed in clinical EC 
samples

To determine the potential clinical relevance of 
the observed shHAT1-mediated inhibitory 
effect, we measured HAT1 mRNA levels in the 
primary tumor, adjacent tissue, and normal 
esophageal tissue from 10 EC patients. 
Compared with normal tissue, HAT1 expression 
was obviously higher in the primary tumor (P = 
0.013) and the adjacent normal tissue (P = 
0.0342). In the primary tumor, the expression 
was higher as compared to the adjacent tissue, 

parameters, such as gender (P = 0.31), age (P = 
0.997), T staging (P = 0.447), lymph node 
metastasis (P = 0.82), or TNM staging (P = 
0.858).

Discussion

Lack of predictive biomarkers and effective 
therapeutic targets for esophageal carcinoma 
is the major limiting factor in the successful 
treatment of EC. Therefore, identification of the 
novel EC related genes would be of significant 
clinical benefit. In this study, we demonstrated, 
for the first time, the significant role of HAT1 in 
the proliferation of the EC cells through an unbi-
ased cell proliferation RNAi screen on HATs/
HDACs in human EC Eca-109 cells.

RNAi is an RNA-dependent gene-silencing pro-
cess that is controlled by the RNA-induced 
silencing complex and is initiated by short dou-
ble-stranded RNA molecules [21]. Elbashiret 

Table 2. Expression profile of HAT1 in 167 EC samples

Clinico-pathological 
parameters No (n)

HAT1 IHC
χ2 p

Positive (%) Negative (%)
Age
    ≥ 65 61 38 (62.3) 23 (37.3) 0 0.997
    < 65 106 66 (62.3) 40 (37.3)
Gender
    Male 122 80 (65.6) 44 (34.4) 1.029 0.31
    Female 43 24 (55.8) 19 (44.2)
Differentiation
    High 11 2 (18.2) 9 (81.8) 18.303 < 0.0001
    Median 120 71 (59.2) 49 (41.8)
    Low 36 31 (86.1) 5 (13.9)
T staging
    T1 12 8 (66.7) 4 (33.3) 2.658 0.447
    T2 40 22 (55.0) 18 (45.0)
    T3 108 68 (63.0) 40 (37.0)
    T4 7 6 (85.7) 1 (14.3)
Lymph node metastasis
    0 99 62 (62.6) 37 (37.4) 0.396 0.82
    < 3 36 21 (58.3) 15 (41.7)
    ≥ 3 32 21 (65.6) 11 (34.4)
TNM staging
    I (IA+IB) 39 25 (64.1) 14 (35.9) 0.765 0.858
    II (IIA+IIB) 63 38 (60.3) 25 (39.7)
    III (IIIA+IIIB+IIIC) 64 40 (62.5) 24 (37.5)
    IVa 1 1 (100) 0 (0)
Total 167 104 (62.3) 63 (37.7)

but this difference did 
not reach a statistical 
significance. Strikingly, 
the two primary tumor 
samples showed extre- 
mely high expression lev-
els of HAT1 (Figure 4).

High expression of HAT1 
correlated with poor 
tumor differentiation 
in EC

We carried out an immu-
nohistochemical analy-
sis in 167 EC samples 
for which the clinical fea-
tures and survival time 
were available. As shown 
in Table 2, HAT1 expres-
sion was detected in 
104 of the 167 (62%) EC 
patients. As shown in 
Figure 4, a high expres-
sion of HAT1 was signifi-
cantly associated with a 
poor tumor differentia-
tion (P < 0.0001) (Figure 
4), but had no statisti-
cally significant correla-
tion with survival (P = 
0.766) (Figure 6), or 
other clinicopathological 
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and his colleagues discovered that RNAi could 
be used in mammalian cells to suppress cer-
tain gene expressions [22]. Using this powerful 
tool, the high throughput loss-of-function 
screens began to become feasible in mamma-
lian cells. Furthermore, loss-of-function screens 
became popular as the genetic event mimicked 
the intended effect of the cancer drug reduced 
gene product activity [23]. The “Off-target” 
effects, which is the nonspecific suppression of 

mitosis is tightly regulated by cyclinB1, and sev-
eral researches showed down-regulation of 
cyclinB1 might cause G2/M arrest [31-33].

AS a representative of type B histones, HAT1 is 
supposed to be completely localized in the 
cytoplasm [34]. However, a number of evidenc-
es have shown that this enzyme is actually both 
cytoplasmic and nuclear [35-38]. A vast major-
ity of HAT1 is nuclear in oocytes, and in fully 

Figure 5. The mRNA  expression of HAT1 in tissue samples from 
10 cases of  ESCC patients. The mRNA expression of HAT1 was 
measured by qPCR in 10 primary tumors, its adjacent tissues, 
and normal esophageal tissues. Each sample was normalized 
to the housekeeping gene GAPDH.

Figure 6. Comparison of the survival distribution between 
ESCC patients with positive and negative HAT1 expression. 
There was no significant difference in the overall survival be-
tween patients with positive and negative expression of HAT1, 
HR [95% CI] = 1.061 [0.615-1.431], (P = 0.766).

mRNAs by siRNA or shRNAs, might take 
place in RNAi. However, only a partial com-
plementarity between the siRNA/shRNA 
and the mRNA might cause this suppres-
sion [24]. Having several independent siR-
NAs/shRNAs targeting different regions in 
a given mRNA that are able to produce the 
same phenotype might minimize the 
chances for an “off-target” effect [18]. So, 
we used eight different shRNAs for each 
HAT/HDAC gene for RNAi to find the target 
genes and choose the shRNA, which highly 
suppressed the expression of the target 
gene.

HAT1 is an evolutionarily conserved type B 
histone acetyl transferase. It is believed to 
participate in several cellular processes, 
such as acetylation of newly synthesized 
histone H4 [25], DNA repair-linked chroma-
tin assembly [26, 27], telomeric silencing 
[28]. Previous researches showed that the 
expression level of HAT1 was increased in 
the stem cells as well as tumor cells [13, 
17, 28, 29], while the underlying mecha-
nism remained unclear. In the present 
study, we found that HAT1 knockdown 
induced a G2/M cell cycle arrest in the EC 
cells, which eventually led to growth 
inhibition.

The process of cell cycle depends on a pre-
cise and rigorous regulation. There are two 
critical restrictive sites in the cell cycle, 
including: G1/S phase and G2M phase 
[30]. CyclinD1 plays a leading role at G1 
phase and in promoting cell proliferation. 
In our case, HAT1 silencing markedly inhib-
ited ERK and AKT phosphorylation. We 
also observed a decrease of cyclinD1 as a 
result of AKT and ERK pathways’ inhibition, 
which was in line with the cell growth inhibi-
tion. Also, we found that cyclinB1 expres-
sion was decreased following HAT1 silenc-
ing. Progression of cells from G2 phase to 
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differentiated cells Hat1 is found in both the 
cytoplasm and nucleus [39]. We also found 
through IHC that HAT1 was mainly expressed in 
the nuclear rather than plasma of the EC cells.

The expression of HAT1 was validated to be 
higher in the primary tumor and tumor adjacent 
tissue as compared to the normal esophageal 
tissue in our studies through quantitative PCR. 
A number of studies have also linked high 
expression of HAT1 to cancer. Pogribny et al. 
studied the changes in a variety of epigenetic 
markers during the progression of the liver 
tumors that resulted from a methyl-deficient 
diet in a rat model [40]. They found a spectrum 
of the histone post-translational modification 
changes during tumor progression, where Hat1 
substantially increased in the liver tumors. 
Seiden-Long et al. found that HAT1 mRNA and 
its protein levels were elevated in the primary 
and metastatic human colon cancer tissues 
[13]. In addition, immunohistochemical stain-
ing of normal, primary, and metastatic colon 
cancer tissue has shown that Hat1 was primar-
ily nuclear in normal cells, but that there was a 
large increase in the cytoplasmic pool of Hat1 
in the tumor tissues. Hence, the subcellular dis-
tribution of Hat1 might be an important factor 
in its activity in mammalian cells. While still at a 
preliminary stage, different degrees of evi-
dence is beginning to suggest that Hat1 might 
play a clinically relevant role in human cells. 
Researchers have found that HAT1 played a 
role in the chromatin assembly that occurs in 
conjunction with the recombinant DNA repair 
[41, 42]. The higher level of HAT1 seen in stem 
cells [28] and tumor cells [13, 40] is consistent 
with the proposed role for HAT1 in the process 
of chromatin assembly. It might reflect the obvi-
ous need of proliferating cells to maintain a 
high chromatin assembly capacity for the ongo-
ing DNA replication.

Min et al. found that the degree of HAT1 expres-
sion was higher in cases of diffuse large B-cell 
lymphoma (DLBCL), peripheral T-cell lympho-
ma, not otherwise specified (PTCL-NOS) or 
extranodal NK/T-cell lymphoma, nasal type 
(NKTCL) as compared to that of the reactive 
lymphoid hyperplasia and HAT1 might be indi-
cators for a poor prognosis in cases of diffuse 
large B-cell lymphoma as cooperating factors 
[17]. We found that HAT1 expression was direct-
ly correlated to the EC tissue tumor differentia-

tion. Furthermore, an increased HAT1 expres-
sion was correlated to poor differentiation, but 
it was not correlated with survival (Figure 5). 
The exact role of Hat1 in the EC cells is still not 
clear and needs more studies.

Our study unraveled, for the first time, a critical 
role for HAT1 in Eca-109 cell proliferation. Our 
data also showed that the expression of HAT1 
was higher in the primary tumor as compared 
with that of the normal esophageal tissue. 
Furthermore, high expression of HAT1 was cor-
related with a poor tumor differentiation in EC. 
The exact role of HAT1 in EC still needs more 
investigations.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Songtao Xu, De- 
partment of Thoracic Surgery, Zhongshan Hospital, 
180 Fenglin Road, Xuhui District, Shanghai 200032, 
China. Tel: +86-13818554281; Fax: +86-21-
64085875; E-mail: xueyouyu@hotmail.com

References

[1] Xu XH, Peng XH, Yu P, Xu XY, Cai EH, Guo P and 
Li K. Neoadjuvant chemotherapy for resect-
able esophageal carcinoma: a meta-analysis 
of randomized clinical trials. Asian Pac J Can-
cer Prev 2012; 13: 103-110.

[2] Gu Y, Lin S, Li JL, Nakagawa H, Chen Z, Jin B, 
Tian L, Ucar DA, Shen H, Lu J, Hochwald SN, 
Kaye FJ and Wu L. Altered LKB1/CREB-regulat-
ed transcription co-activator (CRTC) signaling 
axis promotes esophageal cancer cell migra-
tion and invasion. Oncogene 2012; 31: 469-
479.

[3] Andolfo I, Petrosino G, Vecchione L, De An-
tonellis P, Capasso M, Montanaro D, Gemei M, 
Troncone G, Iolascon A, Orditura M, Ciardiello 
F, De Vita F and Zollo M. Detection of erbB2 
copy number variations in plasma of patients 
with esophageal carcinoma. BMC Cancer 
2011; 11: 126.

[4] MacKeigan JP, Murphy LO and Blenis J. Sensi-
tized RNAi screen of human kinases and phos-
phatases identifies new regulators of apopto-
sis and chemoresistance. Nat Cell Biol 2005; 
7: 591-600.

[5] Fischle W, Wang Y and Allis CD. Histone and 
chromatin cross-talk. Curr Opin Cell Biol 2003; 
15: 172-183.

[6] Spange S, Wagner T, Heinzel T and Kramer OH. 
Acetylation of non-histone proteins modulates 
cellular signalling at multiple levels. Int J Bio-
chem Cell Biol 2009; 41: 185-198.

mailto:xueyouyu@hotmail.com


HAT1 in ESCC

3906 Int J Clin Exp Pathol 2014;7(7):3898-3907

[7] Choudhary C, Kumar C, Gnad F, Nielsen ML, 
Rehman M, Walther TC, Olsen JV and Mann M. 
Lysine acetylation targets protein complexes 
and co-regulates major cellular functions. Sci-
ence 2009; 325: 834-840.

[8] Lahue RS and Frizzell A. Histone deacetylase 
complexes as caretakers of genome stability. 
Epigenetics 2012; 7: 806-810.

[9] Katsumoto T, Yoshida N and Kitabayashi I. 
Roles of the histone acetyltransferase mono-
cytic leukemia zinc finger protein in normal 
and malignant hematopoiesis. Cancer Sci 
2008; 99: 1523-1527.

[10] Bird AP and Wolffe AP. Methylation-induced 
repression--belts, braces, and chromatin. Cell 
1999; 99: 451-454.

[11] Bolden JE, Peart MJ and Johnstone RW. Anti-
cancer activities of histone deacetylase inhibi-
tors. Nat Rev Drug Discov 2006; 5: 769-784.

[12] Eliseeva ED, Valkov V, Jung M and Jung MO. 
Characterization of novel inhibitors of histone 
acetyltransferases. Mol Cancer Ther 2007; 6: 
2391-2398.

[13] Seiden-Long IM, Brown KR, Shih W, Wigle DA, 
Radulovich N, Jurisica I and Tsao MS. Tran-
scriptional targets of hepatocyte growth factor 
signaling and Ki-ras oncogene activation in 
colorectal cancer. Oncogene 2006; 25: 91-
102.

[14] Delcuve GP, Khan DH and Davie JR. Targeting 
class I histone deacetylases in cancer therapy. 
Expert Opin Ther Targets 2013; 17: 29-41.

[15] Kahali B, Gramling SJ, Marquez SB, Thompson 
K, Lu L and Reisman D. Identifying targets for 
the restoration and reactivation of BRM. Onco-
gene 2014; 33: 653-64.

[16] Biankin AV, Waddell N, Kassahn KS, Gingras 
MC, Muthuswamy LB, Johns AL, Miller DK, Wil-
son PJ, Patch AM, Wu J, Chang DK, Cowley MJ, 
Gardiner BB, Song S, Harliwong I, Idrisoglu S, 
Nourse C, Nourbakhsh E, Manning S, Wani S, 
Gongora M, Pajic M, Scarlett CJ, Gill AJ, Pinho 
AV, Rooman I, Anderson M, Holmes O, Leonard 
C, Taylor D, Wood S, Xu Q, Nones K, Fink JL, 
Christ A, Bruxner T, Cloonan N, Kolle G, Newell 
F, Pinese M, Mead RS, Humphris JL, Kaplan W, 
Jones MD, Colvin EK, Nagrial AM, Humphrey 
ES, Chou A, Chin VT, Chantrill LA, Mawson A, 
Samra JS, Kench JG, Lovell JA, Daly RJ, Merrett 
ND, Toon C, Epari K, Nguyen NQ, Barbour A, 
Zeps N, Australian Pancreatic Cancer Genome 
I, Kakkar N, Zhao F, Wu YQ, Wang M, Muzny 
DM, Fisher WE, Brunicardi FC, Hodges SE, Reid 
JG, Drummond J, Chang K, Han Y, Lewis LR, 
Dinh H, Buhay CJ, Beck T, Timms L, Sam M, 
Begley K, Brown A, Pai D, Panchal A, Buchner 
N, De Borja R, Denroche RE, Yung CK, Serra S, 
Onetto N, Mukhopadhyay D, Tsao MS, Shaw 
PA, Petersen GM, Gallinger S, Hruban RH, Mai-

tra A, Iacobuzio-Donahue CA, Schulick RD, 
Wolfgang CL, Morgan RA, Lawlor RT, Capelli P, 
Corbo V, Scardoni M, Tortora G, Tempero MA, 
Mann KM, Jenkins NA, Perez-Mancera PA, Ad-
ams DJ, Largaespada DA, Wessels LF, Rust AG, 
Stein LD, Tuveson DA, Copeland NG, Musgrove 
EA, Scarpa A, Eshleman JR, Hudson TJ, Suther-
land RL, Wheeler DA, Pearson JV, McPherson 
JD, Gibbs RA and Grimmond SM. Pancreatic 
cancer genomes reveal aberrations in axon 
guidance pathway genes. Nature 2012; 491: 
399-405.

[17] Min SK, Koh YH, Park Y, Kim HJ, Seo J, Park 
HR, Cho SJ and Kim IS. Expression of HAT1 and 
HDAC1, 2, 3 in Diffuse Large B-Cell Lympho-
mas, Peripheral T-Cell Lymphomas, and NK/T-
Cell Lymphomas. Korean J Pathol 2012; 46: 
142-150.

[18] Echeverri CJ, Beachy PA, Baum B, Boutros M, 
Buchholz F, Chanda SK, Downward J, Ellenberg 
J, Fraser AG, Hacohen N, Hahn WC, Jackson 
AL, Kiger A, Linsley PS, Lum L, Ma Y, Mathey-
Prevot B, Root DE, Sabatini DM, Taipale J, Per-
rimon N and Bernards R. Minimizing the risk of 
reporting false positives in large-scale RNAi 
screens. Nat Methods 2006; 3: 777-779.

[19] Muise-Helmericks RC, Grimes HL, Bellacosa A, 
Malstrom SE, Tsichlis PN and Rosen N. Cyclin 
D expression is controlled post-transcriptional-
ly via a phosphatidylinositol 3-kinase/Akt-de-
pendent pathway. J Biol Chem 1998; 273: 
29864-29872.

[20] Coleman ML, Marshall CJ and Olson MF. RAS 
and RHO GTPases in G1-phase cell-cycle regu-
lation. Nat Rev Mol Cell Biol 2004; 5: 355-366.

[21] Sharma S and Rao A. RNAi screening: tips and 
techniques. Nat Immunol 2009; 10: 799-804.

[22] Elbashir SM, Harborth J, Lendeckel W, Yalcin A, 
Weber K and Tuschl T. Duplexes of 21-nucleo-
tide RNAs mediate RNA interference in cul-
tured mammalian cells. Nature 2001; 411: 
494-498.

[23] Mullenders J and Bernards R. Loss-of-function 
genetic screens as a tool to improve the diag-
nosis and treatment of cancer. Oncogene 
2009; 28: 4409-4420.

[24] Jackson AL, Bartz SR, Schelter J, Kobayashi SV, 
Burchard J, Mao M, Li B, Cavet G and Linsley 
PS. Expression profiling reveals off-target gene 
regulation by RNAi. Nat Biotechnol 2003; 21: 
635-637.

[25] Parthun MR. Hat1: the emerging cellular roles 
of a type B histone acetyltransferase. Onco-
gene 2007; 26: 5319-5328.

[26] Ge Z, Wang H and Parthun MR. Nuclear Hat1p 
complex (NuB4) components participate in 
DNA repair-linked chromatin reassembly. J Biol 
Chem 2011; 286: 16790-16799.

[27] Kelly TJ, Qin S, Gottschling DE and Parthun 
MR. Type B histone acetyltransferase Hat1p 



HAT1 in ESCC

3907 Int J Clin Exp Pathol 2014;7(7):3898-3907

participates in telomeric silencing. Mol Cell 
Biol 2000; 20: 7051-7058.

[28] Park IK, He Y, Lin F, Laerum OD, Tian Q, 
Bumgarner R, Klug CA, Li K, Kuhr C, Doyle MJ, 
Xie T, Schummer M, Sun Y, Goldsmith A, Clarke 
MF, Weissman IL, Hood L and Li L. Differential 
gene expression profiling of adult murine he-
matopoietic stem cells. Blood 2002; 99: 488-
498.

[29] Lim DA, Suarez-Farinas M, Naef F, Hacker CR, 
Menn B, Takebayashi H, Magnasco M, Patil N 
and Alvarez-Buylla A. In vivo transcriptional 
profile analysis reveals RNA splicing and chro-
matin remodeling as prominent processes for 
adult neurogenesis. Mol Cell Neurosci 2006; 
31: 131-148.

[30] Blagosklonny MV and Pardee AB. The restric-
tion point of the cell cycle. Cell Cycle 2002; 1: 
103-110.

[31] Wu X, Marmarelis ME and Hodi FS. Activity of 
the heat shock protein 90 inhibitor ganetespib 
in melanoma. PLoS One 2013; 8: e56134.

[32] Zuryn A, Litwiniec A, Gackowska L, Pawlik A, 
Grzanka AA and Grzanka A. Expression of cy-
clin A, B1 and D1 after induction of cell cycle 
arrest in the Jurkat cell line exposed to doxoru-
bicin. Cell Biol Int 2012; 36: 1129-1135.

[33] Aytac U, Sato K, Yamochi T, Yamochi T, Ohnu-
ma K, Mills GB, Morimoto C and Dang NH. Ef-
fect of CD26/dipeptidyl peptidase IV on Jurkat 
sensitivity to G2/M arrest induced by topoi-
somerase II inhibitors. Br J Cancer 2003; 88: 
455-462.

[34] Kleff S, Andrulis ED, Anderson CW and Sterng-
lanz R. Identification of a gene encoding a 
yeast histone H4 acetyltransferase. J Biol 
Chem 1995; 270: 24674-24677.

[35] Parthun MR, Widom J and Gottschling DE. The 
major cytoplasmic histone acetyltransferase in 
yeast: links to chromatin replication and his-
tone metabolism. Cell 1996; 87: 85-94.

[36] Ruiz-Garcia AB, Sendra R, Galiana M, Pam-
blanco M, Perez-Ortin JE and Tordera V. HAT1 
and HAT2 proteins are components of a yeast 
nuclear histone acetyltransferase enzyme spe-
cific for free histone H4. J Biol Chem 1998; 
273: 12599-12605.

[37] Ai X and Parthun MR. The nuclear Hat1p/
Hat2p complex: a molecular link between type 
B histone acetyltransferases and chromatin 
assembly. Mol Cell 2004; 14: 195-205.

[38] Poveda A, Pamblanco M, Tafrov S, Tordera V, 
Sternglanz R and Sendra R. Hif1 is a compo-
nent of yeast histone acetyltransferase B, a 
complex mainly localized in the nucleus. J Biol 
Chem 2004; 279: 16033-16043.

[39] Imhof A and Wolffe AP. Purification and proper-
ties of the Xenopus Hat1 acetyltransferase: as-
sociation with the 14-3-3 proteins in the oocyte 
nucleus. Biochemistry 1999; 38: 13085-
13093.

[40] Pogribny IP, Tryndyak VP, Muskhelishvili L, 
Rusyn I and Ross SA. Methyl deficiency, altera-
tions in global histone modifications, and car-
cinogenesis. J Nutr 2007; 137: 216S-222S.

[41] Benson LJ, Phillips JA, Gu Y, Parthun MR, Hoff-
man CS and Annunziato AT. Properties of the 
type B histone acetyltransferase Hat1: H4 tail 
interaction, site preference, and involvement 
in DNA repair. J Biol Chem 2007; 282: 836-
842.

[42] Barman HK, Takami Y, Ono T, Nishijima H, 
Sanematsu F, Shibahara K and Nakayama T. 
Histone acetyltransferase 1 is dispensable for 
replication-coupled chromatin assembly but 
contributes to recover DNA damages created 
following replication blockage in vertebrate 
cells. Biochem Biophys Res Commun 2006; 
345: 1547-1557.


