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Abstract 

Histone acetyltransferases (HATs) play vital functions in the tumorigenesis of many solid organ 
malignancies. We previously screened a human HATs cDNA library and identified Tat-interactive 
protein-60KDa (TIP60) as a candidate critical HATs in the origination of lung cancer. In this study, 
our data suggested that overexpression of TIP60 inhibited the cell viability of A549 and H1299 cells 
since day 2. Compared to the control group, the viability of these two lung cancer cells was 
inhibited by 25% and 19% at day 6 with the overexpression of TIP60. It increased by 36% and 26% 
when TIP60 was knockdown for 6 days. The invasion ability of these two cells was also restrained 
when TIP60 was overexpressed. While knockdown of TIP60 had the opposite effect. Inhibition of 
TIP60 significantly promoted the expression of molecules in AKT signaling pathway especially 
c-Myc. Furthermore, compared to paired tumor-adjacent tissue, lung cancer tumors had low 
expression of TIP60. Therefore, we concluded that TIP60 might inhibit the viability and invasion 
ability of lung cancer cells through down-regulation of AKT signaling pathway. 
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Introduction 
Despite advances made in early detection and 

improved treatments over the past ten years, cancer is 
still one of the leading causes of mortality around the 
world. Lung cancer ranks the highest in cancer 
lethality worldwide and is the most common newly 
diagnosed type in North America and Asia 1. Our 
previous study suggested that the smoking drive lung 
cancer decreased along with the implement of ban on 
smoking in public, while the genetic alterations 
related lung cancer rapidly increased 2. Epigenetic 
aberration, including methylation and acetylation, 
was thought to catalyze the occurrence of genetic 
alterations in somatic cells and the communications 
between epigenetic and genetic alterations played 
pivotal role in cancer initiation and progression 3. 

Recently, more and more evidences on 
correlation between acetylation and tumorigenesis are 
emerging 4-6. Acetylation is the reaction that introdu-
ces an acetyl functional group into the substrate. It is 
an important modification of proteins in cell biology. 
Several proteins, like histones, p53, and tubulins, have 
biological functions only after acetylation modifica-
tion. This process requires the participation of histone 
acetyltransferases (HATs).  

TIP60 (tat interacting protein 60 kD) is one of the 
most known HATs. It was involved in a vast variety 
of cellular processes (apoptosis, DNA damage repair, 
cell cycle progression and transcriptional regulation) 
7-9, and related to the occurrence of several tumors, 
like prostate, breast and colorectal cancer as well as 
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lymphoma 10-12. But whether TIP60 is an oncogene or 
tumor suppressor gene is still controversial 13. In this 
study, we analyzed the correlation between TIP60 and 
lung cancer. We determined the effect of TIP60 on the 
cell viability and invasion changes of lung cancer cells 
and analyzed the expression changes of AKT signal-
ing pathway caused by TIP60. Our data revealed 
important new insight into the relationship between 
TIP60 and lung cancer development that warrants 
further investigation of it as a novel cancer therapeu-
tic target.  

Materials and methods 
Ethical approval 

This study was approved by the Institutional 
Review Board (IRB) of Shanghai Pulmonary Hospital 
affiliated Tongji University. Written informed 
consents were obtained from all participants. The 
methods were carried out in accordance with the 
approved guidelines. 

Reagents and antibodies  
Lipofectamine 2000 (Life Technologies), 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) (Antgene), mouse antibodies against 
β-actin (Sigma); rabbit polyclonal antibodies against 
AKT, phospho-AKT, FoxO1, phospho-FoxO1, GSK3β, 
phospho-GSK3β, cMyc and TIP60 (CST) were purch-
ased from the indicated manufacturers.  

Cell culture and plasmid construction 
Human lung cancer A549 and H1299 cells were 

obtained from ATCC and maintained in DMEM 
medium with the supplement of 10% FBS. The TIP60 
and TIP60-RNAi was constructed the same with the 
previous. The knockdown efficient of TIP60-RNAi 
was determined by the immunoblotting analysis.  

The stable TIP60 expression/knockdown A549 
and H1299 cells 

The HEK293T cells were used as the retrovirus 
packaging cells. The packaging plasmids (pGAG-Pol 
and pVSV-G) together with TIP60 or TIP60-RNAi 
retroviral plasmid were transfected into HEK293T 
cells for 24h. Then the cells were incubated with new 
medium without antibiotics for another 24h. The cell 
culture medium which was collected and filtered with 
0.22 um filter was added to A549 and H1299 cells with 
polybrene (10 mg/ml). The infected cells were 
selected with puromycin (0.5 mg/ml) for 7 days 
before additional experiments.  

Cell viability assay 
The stable TIP60 expression or knockdown A549 

and H1299 cells (2X103) were seeded on the 96 well 
plates. Then it was determined by 3- (4,5-dimethylthi-

azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) at 
day 2, 4 and 6. The MTT was added to each well, and 
incubated for 4 hr. Dimethyl sulfoxide (100 μl) was 
then added to the cells for 30 min. The absorbance was 
measured at 570 nm. 

Cell invasion assay 
The 12-well transwell plates (8.0 µm pore filters) 

(Corning, NY) were used to analyze the cell invasion 
ability. The protocol followed the recommendation of 
manufacturers. Briefly, the upper chamber of each 
transwell plate was coated with matrigel basement 
membrane matrix and seeded with 2×105 lung cancer 
cells in serum-free DMEM medium. While the bottom 
chamber was filled with DMEM medium including 
10% FBS. The whole plate was incubated for 1 day at 
regular conditions. Then the transwell membrane was 
fixed, stained and photographed. The penetrated cells 
were calculated with the ImageJ software.  

Immunoblotting Analysis 
Cells from 10 cm cell dish were lysed in l ml 

Nonidet P-40 lysis buffer (20 mM Tris-HCl, PH 
7.4–7.5, 150 mM NaCl, 1 mM EDTA, 1% Nonidet P-40, 
10 μg/mL aprotinin, 10 μg/mL leupeptin, and 1 mM 
phenylmethylsulfonyl fluoride). The detected molec-
ules were fractionated by SDS/PAGE eletro phoresis 
and subsequent immunoblotting analysis was 
performed with the indicated antibody.  

Patients and specimen collection 
Consecutive primary lung cancer patients who 

were admitted into the Shanghai Pulmonary Hospital 
affiliated Tongji University from May. 2016 to Sep. 
2016 were recruited. None of them received any 
anticancer therapies before surgery. The diagnosis 
was confirmed by pathologically test and radical 
surgical resection. Fresh primary tumor specimens 
which contained more than 50% tumor cells were 
collected during the surgery and the total protein was 
isolated immediately. The expression of TIP60 was 
analyzed by immunoblotting analysis with the 
antibody to TIP60. 

Statistical analysis 
All data were analyzed by the SPSS package for 

Windows (Version 18.0, Chicago, IL). χ2 test was used 
to analyze the differences. P value < 0.05 was 
considered statistically significant. 

Results 
TIP60 regulates the viability of lung cancer 
cells 

In order to analyze the role of TIP60 in 
tumorgenesis of lung cancer, we observed the effect of 
TIP60 on cell viability of lung cancer cells. Over-
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expression of TIP60 significantly inhibited the 
proliferation of A549 and H1299 cells since day 2. 
Compared to the control group, the growth of these 
two lung cancer cells was inhibited by 25% and 19% at 
day 6. Knockdown of TIP60 had the opposite effect. 
The number of cells increased by 36% and 26% when 
TIP60 was knockdown for 6 days (Fig 1).  

The invasion ability of lung cancer cells is 
affected by TIP60  

After determining the role of TIP60 in regulating 
cell viability, we observed the changes of invasion 
ability caused by TIP60. The number of cells crossing 
through the transwell membrane decreased with the 
overexpression of TIP60. While knockdown of TIP60 
promoted more lung cancer cells going through the 
membrane. Both A549 cells and H1299 cells had 
similar results (Fig 2). 

TIP60 is involved in AKT signaling pathway 
In order to analyze the molecular mechanism on 

TIP60 regulating lung cancer, we further studied the 
expression changes of downstream molecules of 
TIP60 with the knockdown of TIP60. The inhibition of 
TIP60 significantly promoted the expression of 
molecules in AKT signaling pathway. AKT was 
activated as the phosphorylation at threonine 308 
(Thr308) and serine 473 (Ser473) promoted. The 
phosphorylation of GSK3β and FOXO1was also 
promoted. Furthermore, the expression of cMyc 
significantly increased (Fig 3). 

TIP60 decreased in lung cancer tumors 
To further study the role of TIP60 in lung cancer, 

we examined its clinical relevance in cancer patients. 
A total of 18 lung cancer patients were recruited in 
this study. Most of them are Han people. TIP60 
exhibited lower expression state in cancer tissues than 
that in paired tumor-adjacent tissues in 13 (72.22%) 
patients (Fig 4). 

 

 
Figure 1. TIP60 regulates the viability of A549 and H1299 cells. (A) Overexpression of TIP60 inhibited the cell viability. (B) Knockdown of TIP60 promoted the cell 
viability since day 2. The efficient of TIP60 overexpression and inhibition was shown at the bottom of each figure. *: P<0.05, **: P<0.01. 

 
Figure 2. TIP60 regulates the invasion ability of A549 and H1299 cells. (A) Overexpression of TIP60 inhibited the invasion of these two lung cancer cells. (B) 
Knockdown of TIP60 promoted the cell invasion. *: P<0.05. 
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Figure 3. TIP60 is participated in the AKT signaling pathway.  

 
Figure 4. TIP60 under-expresses in lung cancer tumors. 

 

Discussion 
TIP60 is a subunit of the evolutionarily 

conserved NuA4 complex 14. TIP60 was thought to be 
close with transcription regulation because several of 
its substrates were transcript factors. It has wide range 
of substrate, including histones (H4 at lysines 5, 8, 12 
and 16, H2A, H2A.X and H2A.Z) 15 and non-histones 
(p53, Notch1 and androgen receptor) 7,16-17. It was 
related to several tumors through regulating the 
stability or activity of its substrate. Our results 
contributed to support the conclusion that TIP60 was 
a tumor suppressor. It inhibited the cell viability and 
invasion of lung cancer cells and under-expressed in 
lung cancer patients. The mechanism of TIP60 
inhibitting tumorigenesis might be: first, TIP60 
positively response to the activation of the oncogene- 
induced DNA damage response pathway; second, the 
activity of AKT signaling pathway increased along 
with the under-expression of TIP60. Our results 
suggested that the symbol of AKT activation, the 
phosphorylation at Thr308 and Ser473 was promoted 
when TIP60 was knockdown. The oncoprotein, cMyc, 

was also overexpressed. Furthermore, TIP60 was also 
involved in many other anti-proliferative processes, 
such as p53 activation, and apoptosis 7. We believed 
that the suppression of tumor was the result of 
multiple biological function. 

The impressive progresses made in tumor 
biology help us understand that each tumor is unique 
and the traditional strategy of applying the same drug 
to different patients needs improvement. The 
biological profile of tumor provides the new strategy, 
precision medicine, to develop treatment plan which 
meets the urgent need to alleviate the growing cancer 
burden. In the past ten years, part of patients with 
breast and lung cancer already benefited from the 
personalized treatment which aimed to treat patients 
according to their own medical history, physiological 
status, and molecular characteristics. 

Our results confirmed the correlation between 
TIP60 and lung cancer and suggested it might 
represent a novel candidate target for the inter-
vention. TIP60 is a member of MYST acetyl-
transferases family which had the distinct conserved 
histone acetyltransferase domain. The unique MYST 
domain is composed of three parts: a C2HC-type zinc 
finger in N- terminal, a central region associated with 
acetyl-CoA cofactor binding, a helix- turn-helix 
DNA-binding motif in C-terminal 18. The special 
characteristic features might can be used to develop 
the treatment target. 

In conclusion, our data establish the role for 
TIP60 in the tumorigenesis of lung cancer. Of clinical 
relevance is the fact that our results may contribute to 
develop the new molecule treatment targets for lung 
cancer.  
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