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Abstract:
Background/Aims: Aberrant expression of Tip60 is associated with progression in many cancers. However, the role of Tip60 in cancer progression remains contradictory. The aim 
of this study was to investigate the clinical significance, biological functions and underlying 
mechanisms of Tip60 deregulation in cholangiocarcinoma (CCA) for the first time. Methods: 
Quantitative real-time PCR (QRT-PCR), western blotting and immunohistochemistry staining 
(IHC) were carried out to measure Tip60 expression in CCA tissues and cell lines. Kaplan–Meier analysis and the log-rank test were used for survival analysis. In vitro, cell proliferation 
was evaluated by flow cytometry and CCK-8, colony formation, and EDU assays. Migration/
invasion was evaluated by trans-well assays. Phosphokinase array was used to confirm the dominant signal regulated by Tip60. Tumor growth and metastasis were demonstrated in 
vivo using a mouse model. Results: Tip60 was notably downregulated in CCA tissues, which 
was associated with greater tumor size, venous invasion, and TNM stage. Down-regulation 
of Tip60 was associated with tumor progression and poorer survival in CCA patients. In vitro and in vivo studies demonstrated that Tip60 suppressed growth and metastasis throughout 
the progression of CCA. We further identified the PI3K/AKT pathway as a dominant signal of 
Tip60 and suggested that Tip60 regulated CCA cell proliferation and metastasis via PT3K-AKT 
pathway. Pearson analysis revealed that PTEN was positively correlated with the Tip60 level 
in CCA tissues. Conclusion: Tip60, as a tumor suppressor in CCA via the PI3K/AKT pathway, 
might be a promising therapeutic target or prognostic marker for CCA.
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Introduction

Cholangiocarcinoma (CCA), which includes intrahepatic cholangiocarcinoma (ICC) and extrahepatic cholangiocarcinoma (ECC), is an epithelial cell tumor arising from all levels of the bile ducts, and the incidence and prevalence of CCA has been notably increasing in the last decades [1, 2]. Anatomical classifications distinguish intra- (ICC) or extra-hepatic CCA (ECC), and ECC is further divided into hilar CCA located at the liver hilum, or distal CCA located near the pancreas [3, 4]. The outcome of treatment at the advanced stage of CCA is still unsatisfactory, with a median survival of 6-12 months. It is particularly notable that ICC has a poorer prognosis than ECC, because the biological characteristics of ICC and ECC are different [5] .Nucleosome acetyltransferase of histone H4 (NuA4) complex is the fusion of two yeast histone acetyl transferase (HAT) complexes, NuA4 and SWR1 [6-8]. Previous studies have proved that this complex is involved in transcriptional regulation, DNA repair, chromatin structure alteration, cell migration and invasion, mitosis, and genomic instability [9, 10]. Tip60, a member of the MYST family, is expressed ubiquitously and is the acetyltransferase catalytic subunit of the human NuA4 complex. Tip60 has proved to be an essential protein and its function cannot be compensated by other members of the MYST family. Recently, many previous studies have shown the involvement of Tip60 in oncogenesis, and in resistance to cancer or potential anti-oncogenic activities [11, 12]. Tip60 can play a part in oncogenesis though several connections with other subunits of the NuA4 complex, such as p400 and BRD8 [13, 14]. Other studies have linked Tip60 to oncogenesis via interactions between Tip60 and other proteins such as RelA/p65 and C-Myc [15, 16]. However, other studies have demonstrated that Tip60 may stimulate different tumor suppressor pathways, especially p53, the ING family, and retinoblastoma [17-20].However, the relationship between CCA and Tip60 is still unknown. In the present study, we first detected that Tip60 was a tumor suppressor in both ICC and ECC tissues and vitro, and confirmed the correlation between Tip60 and CCA clinical parameters and prognosis. By investigating the role of Tip60 in CCA, the results suggested that Tip60 negatively regulated proliferation and metastasis though the PI3K-AKT pathway. Furthermore, we also confirmed the suppressive function of Tip60 in vitro and found a positive correlation between PTEN and Tip60 levels. Based on the data presented here, we aimed to investigate the contribution of Tip60 to CCA.
Materials and Methods

Tissue SamplesA total of 59 tumor specimens and matched para-tumor tissues were obtained from 30 ICC patients and 29 ECC patients without preoperative systemic chemotherapy, who underwent therapeutic resection of cholangiocarcinoma at The First Affiliate Hospital of Nanjing Medical University during 2010 - 2016. All CCA tissues were collected using protocols approved by the Ethics Committee of The First Affiliate Hospital of Nanjing Medical University, and written informed consent was obtained from every patient. All patients were diagnosed as cholangiocarcinoma based on postoperative pathological evidence.
Cell Culture and TransfectionAll cell lines (RBE, QBC939, HCCC9810, HUCCT1, and HiBEC) were obtained from the Cell Bank of the Chinese Academy of Science (Shanghai, China). And RBE, QBC939, HCCC9810, HUCCT1 cell lines were derived from CCA cells, and HiBEC was the normal bile duct epithelial cells. Cells were maintained in DMEM medium (Gibco, USA) with 10 % fetal bovine serum (Biological Industries, Israel), penicillin/streptomycin 100 units/mL at 37°C in a humidified incubator containing 5% CO2. The control and Tip60 siRNA were obtained from Gene pharma pharmaceutical technology Co. Ltd. The Tip60-overexpressing plasmid was designed by Obio Technology. The siRNA targeting sequences were as follows: Tip60 (5’-3’):1’forward (CCACAGGAACUCACCACAUTT), reverse (AUGUGGUGAGUUCCUGUGGTT), 2’forward 
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(GCAAUGAGAUUUACCGCAATT), reverse (UUGCGGUAAAUCUCAUUGCTT). The control target sequences were: forward (UUCUCCGAACGUGUCACGUTT), reverse (ACGUGACACGUUCGGAGAATT). The siRNA transfection assays were performed with Lipofectamine 2000 transfection reagent (Invitrogen, CA) in accordance with manufacturer’s protocol.
RNA Preparation and qRT-PCRTotal RNA was extracted from tumor and para-tumor tissues or cultured cells using TRIzol solution (Invitrogen, China) following the manufacturer’s protocol. The A260/A280 ratio was used to evaluate RNA purity. Quantitative real-time PCR was performed using the Thermal Cycler Dice Detection System with the SYBR Premix ExTaqTM (Takara Inc. Japan) (Table 1). GAPDH RNA was used as the endogenous control to which the data were normalized.
ImmunoblottingCells and tissue samples were lysed using the RIPA protein extraction reagent kit (Beyotime, China) with 0.2% Phenylmethanesulfonyl fluoride (PMSF). Protein concentration was determined using the BCA assay (Pierce Thermo Scientific, Rockford, IL, USA). Cell lysates were separated by electrophoresis on SDS-poly-acrylamide gels and transferred onto nitrocellulose membranes. Membranes were reacted with the indicated antibodies. The proteins were labeled with specific antibodies against Tip60(1:500, Proteintech Group, Inc, USA); E-cadherin, N-cadherin, Vimentin(1:1000, Proteintech Group, Inc, USA); And GAPDH, Cyclin-D1, PI3K, p-PI3K, AKT, P-AKT(Ser473), PTEN(1:1000, Cell Signaling Technology, Danvers, MA, USA) The signal was monitored and protein expression was quantified using the NIH Image J software (National Institutes of Health, Bethesda, MD).
Immunohistochemical StainingAfter 4% paraformaldehyde fixation, the sections were deparaffinized. Antigens from the slides were retrieved by heating for 30 min in citrate buffer, pH 6.0. The slides were labeled with primary antibody in a blocking solution at 4°C overnight, followed by counterstaining with hematoxylin. Light microscopy (Nikon, Tokyo, Japan) was used to acquire the images, and NIS-Elements v4.0 software was used to quantify the staining (Nikon, Tokyo, Japan).
Evaluation of ImmunostainingHematoxylin and eosin (H&E) staining was performed via standard procedures. Tissue microarray 1(TMA1) and TMA2 containing 114 cases of ICC, and TMA4 and TMA5 containing 99 ECC specimens and corresponding non-cancerous tissues were obtained from The First Affiliate Hospital of Nanjing Medical University. Scoring was conducted based on the percentage of positively-stained cells (0-5% scored 0, 6-35% scored 1, 36-70% scored 2, and more than 70% scored 3) and staining intensity (no staining scored 0, weakly staining scored 1, moderately staining scored 2 and strongly staining scored 3). The final score was calculated using the percentage score × staining intensity score as follows: “-” for a score of 0-1, “+” for a score of 2-3, “++” for a score of 4-6 and “+++” for a score of > 6. Low expression was defined as a total score < 4 and high expression as a total score ≥4. These scores were determined independently by two senior pathologists in a blinded manner, and positive staining in the hepatic tissue was excluded from scoring.
Invasion AssaysCell migration was assayed using modified Boyden chambers consisting of trans-well membrane filters (Corning Costar, Cambridge, MA, USA). Membranes were coated with 1 mg/ml of Matrigel (BD Biosciences) for cell invasion assays. CCA cells (2x105 cells) were suspended in serum-free media and added to the upper chamber. Serum-positive media were used as chemoattractant in the lower chamber.  After 36 h (HUCCT1 and QBC939 

Table 1. Primers used in the study  
Gene Name  Forward Reverse 
Tip60  GGGGAGATAATCGAGGGCTG TCCAGACGTTTGTTGAAGTCAAT 
E-cadherin  CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG 
N-cadherin  TCAGGCGTCTGTAGAGGCTT ATGCACATCCTTCGATAAGACTG 
Vimentin  GACGCCATCAACACCGAGTT CTTTGTCGTTGGTTAGCTGGT 
PTEN  TGGATTCGACTTAGACTTGACCT GGTGGGTTATGGTCTTCAAAAGG 
Cyclin D1  GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA 
GAPDH  GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG 
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cells), and 48 h (RBE and HCCC9810 cells), the number of crystal violet-stained cells on the lower surface was counted as described previously [21].
MTT Cell Proliferation AssayA total of 2, 000 cells were plated onto flat-bottomed 96-well plates and maintained overnight. Cells were incubated with 20 ml of MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) for 2h. A volume of 200 ml of DMSO was added and the absorbance measured at 492 nm.
EdU Pulse Chase IncorporationCell proliferation was detected by EdU (5-ethynyl-2 0 -deoxy uridine) assay using the Cell-Light EdU DNA Cell Proliferation Kit (RiboBio, Shanghai, China). Cells were seeded in each well of 6-well plates for transfection with siRNA, lentivirus, or negative control (NC). Nucleic acids in all cells were stained with DAPI Dye. The Edu pulse chase incorporation and cell proliferation rate were applied according to the manufacturer’s instructions. Images were taken using a fluorescence microscope (Olympus FSX100).
Flow Cytometric Analysis of Cell Cycle ProgressionCells were cultured for 24 h in 24 well plates prior to cell cycle analysis. The cells were then fixed with 70% cold ethanol overnight, washed once with phosphate-buffered saline (PBS), and resuspended in 500 µL of PBS containing 100 µg/mL RNase for 30 min at 37°C, and incubated (for 15 min) with the nuclear stain PI (MultiSciences Biotech Co., Ltd.) at a final concentration of 40 µg/ml. We analyzed 1 × 104 cells/sample using a BD AccuriC6 flow cytometer (BD Biosciences, USA).
Colony Forming AssayForty-eight hours after siRNA and lentiviral vector transfections, cells were re-plated. Subsequently, cells were incubated for an additional 14 days at 37°C to allow for colony formation. Colony immobilization was maintained with -20°C methyl alcohol for 30 minutes, cells were then stained with 0.5% crystal violet and counted. Results were quantified using Image J software.
In vivo Tumorigenicity and Metastasis AssaysAnimal experiments were performed with the approval of the Animal Center of Nanjing Medical University use committees. BALB/C athymic nude mice were housed under specific pathogen-free conditions. CCA cells (2×106) transfected with lentivirus were injected into the hind limbs of mice to generate xenograft tumors. Tumor size was measured, and tumor volume was determined using the formula: 0.5 × length ×width2. For metastasis assays, cells were resuspended in PBS at a concentration of 2×107 cells/ml. A volume of 0.1 mL of suspended QBC939, Tip60 inhibited, or Tip60 overexpressed QBC939 cells were injected into the tail veins. All mice were sacrificed 6 weeks after inoculation, and the metastatic nodes in the lungs were counted and examined by necropsy. Metastasis was monitored using the IVIS@ Lumina II system every 5 days.
Phosphokinase ArrayThe human phosphokinase array kit (ARY003B, R&D system, Minneapolis, MN) containing 43 phosphokinases printed in duplicate was used to screen the signaling pathways. Briefly, the 80% confluent cells were lysed with lysis buffer containing phosphatase- and protease-cocktail inhibitors (Roche, Mannheim, Germany) and incubated at 4 °C for 15 min. Cell lysate was obtained after centrifugation at 12, 000g, 4 °C, for 15 min and the total protein was quantified using the Bio-Rad Protein Assay Dye Reagent Concentrate (Bio-Rad, Hercules, CA) according to the instructions of the manufacturer. Total protein lysate (600 μg) was incubated with an antibody-array membrane at 4°C overnight. The membrane was then incubated with cocktail-detection antibody and streptavidin horseradish peroxidase. The signals were detected using the Chemireagent provided in the same kit and quantified using an Image Quant ™ Imager (GE Healthcare Bioscience AB, Uppsala, Sweden).
StatisticsResults were expressed as mean ± standard deviation (SD) of three independent experiments unless otherwise specified. Data were analyzed by two-tailed, unpaired Student’s t test between any two groups 
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and by One-Way ANOVA followed by Bonferroni test for multiple comparisons. These analyses were performed using GraphPad Prism Software Version 5.0 (GraphPad Software Inc., La Jolla, CA). P-value of < 0.05 was considered statistically significant.
Results

Tip60 was down-
regulated in CCA 
and served as a 
prognostic factorWhile investigating the role of Tip60 in CCA progression, we observed a decreasing trend in Tip60 mRNA levels from para-tumor tissues to ICC and ECC (Fig. 1A), which implies decreasing Tip60 expression during malignant t r a n s f o r m a t i o n . Additionally, we found that Tip60 was further down-regulated in ICC and ECC compared with the para-tumor tissues at the protein level (Fig. 1B). Next, by large scale immunohistochemical analysis in a tissue microarray containing 114 cases of ICC and 99 ECC specimens and pathologist-certified and clinically annotated CCA specimens, we found that Tip60 was down-regulation in CCA tissues (Fig. 1C) and was negatively correlated with worse overall survival (OS) (Fig. 1D). Together, these results revealed that Tip60 expression was significantly decreased in CCA, and decreased Tip60 was associated with poor prognosis in both ICC and ECC.

Fig. 1. Tip60 was down-regulated in CCA and served as a prognostic factor. (A)Tip60 expression in 30 ICC tumor tissues, 29 ECC tumor tissues, and the para-tumor tissues. (B) Protein expression of Tip60 was detected in both ICC and ECC tissues. (C) Representative immunohistochemistry stains of Tip60 in 114 ICC and 99 ECC samples. The percentage of tissue cores displaying no (-), weak (+), moderate (++), or strong (+++) Tip60 staining in ICC, ECC, and the para-tumor tissues. (D) Kaplan-Meier survival curves of OS in 30 ICC and 29 ECC patients based on Tip60 mRNA expression. Data are presented as means ± SEM and analyzed with Student’s t test (*P<0.05 **P<0.01, ***P<0.001). T = tumor, P = para-tumor.
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Correlation Between Tip60 and CCA 
Clinical ParametersBased on the observed differences between ICC and ECC in pathology, we then analyzed the correlation between Tip60 expression and the clinicopathological factors of ICC and ECC. Subsequent analysis indicated that aberrant levels of Tip60 mRNA were correlated not only with tumor size but also with venous invasion in ICC (Table 2). The same results were found in ECC, although Tip60 expression was correlated with the higher tumor stage, indicating that Tip60 might play a role in CCA metastasis and proliferation (Table 3).
Tip60 Suppressed the Proliferation of
Cholangiocarcinoma Cells in vitroTo verify the function of Tip60 in vivo, western blot was used to detect the protein level of Tip60 (Fig. 2A) and qRT-PCR was conducted to detect the mRNA level of Tip60(Fig. 2B) in 4 CCA cells. According to the results, a significant decrease of Tip60 was found in in CCA cells. We constructed effective Tip60 knockdown cells (HUCCT1 and RBE) using small interference RNA (siRNA) target site (Si1, Si2) (Fig. 2C, D) and to further explore the role of Tip60 in tumor proliferation and metastasis, we next established Tip60 stably overexpressing cell lines (HCCC9810 and QBC939) (Fig. 2E, F).As determined by the CCK-8 and colony formation assays, Tip60 depletion significantly enhanced CCA cell proliferation (Fig. 3A), while overexpression of Tip60 remarkably suppressed CCA cell proliferation (Fig. 3B). Similar results were observed in the EDU array (Fig. 3C). Cell cycle progression was determined following Tip60 up-regulation using flow cytometry. Tip60 up-regulation significantly reduced the proportion of cells in the G2 phase, and substantially increased the number of cells in the G1/S phase (Fig. 3D). We further detected low expression of cyclin D1, which is deemed as a key cell cycle protein, in the Tip60 up-regulated cells (Fig. 2E). Taken together, these data suggest that Tip60 is required for CCA proliferation.

Table 2. Clinicopathological relevance analysis of Tip60 expression in ICC patients
Clinicopathologic Features n Tip60 

high low P 
Gender     Female 11 6 5 0.705 Male 19 9 10 
Age     <60 11 7 4 0.256 ≥ 60 19 8 11 
No. of tumor nodules     1 18 10 8 0.456 >1 12 5 7 
Tumor size     < 5 12 9 3 0.025* ≥ 5 18 6 12 
Pathological stages     I + II 10 4 6 0.439 III + IV 20 11 9 
Venous invasion     Absent 17 11 5 0.028* Present 13 4 10 
Tumor Stages     I + II 17 10 7 0.269 III + IV 13 5 8 
 

Table 3. Clinicopathological relevance analysis of Tip60 expression in ECC patients
Clinicopathologic Features n Tip60 

high low P 
Gender     Female 11 7 4 0.316 Male 18 8 10 
Age     <60 12 5 7 0.362 ≥ 60 17 10 7 
No. of tumor nodules     1 23 13 10 0.311 >1 6 2 4 
Tumor size     < 3 18 12 6 0.039* ≥3 11 3 8 
Pathological stages     I + II 16 10 8 0.597 III + IV 13 5 6 
Venous invasion     Absent 12 9 3 0.035* Present 17 6 11 
 Tumor Stages     I + II 9 10 2 0.004* III + IV 20 5 12 
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Anti-invasion and Anti-migration Effects of Tip60 on Cholangiocarcinoma Cells in vitroTo further confirm the role of Tip60 in CCA cell migration and invasion, the trans-well assay (Fig. 4A) revealed that cell invasion in CCA was significantly promoted by Tip60 down-regulation. As expected, overexpression of Tip60 impeded cell migration and invasion in HCCC9810 and QBC939 cell lines. These results indicated that Tip60 can significantly inhibit CCA cell migration and invasion in vitro (Fig. 4B).During the process of cell culture, we noticed that HCCC9810 cells with Tip60 overexpression became less spindle-like and fibroblastic, with a shorter pseudopodium compared to the negative controls. The inverse phenomenon was found in the RBE cells with Tip60 SiRNA, therefore, both HCCC9810 and RBE cells exhibited obvious morphological changes. In addition to the results of the migration and invasion results, these morphological changes led us to examine the expression of key epithelial-mesenchymal transition (EMT) markers. Western blotting analysis revealed that mesenchymal phenotype markers, including N-cadherin and vimentin, were distinctly increased and E-cadherin was decreased in the Tip60 knockdown cells. The reverse results were found in the QBC939 and HCCC9810 cells which Tip60 was overexpressed (Fig. 4C). These results suggest that Tip60 suppresses the metastatic capacity of CCA cells.
Evidence that Tip60 Might Inhibit the PI3K-AKT PathwayTo address the mechanism by which Tip60 might suppress cell proliferation and invasion, we performed a phosphokinase array to identify possible Tip60 targets. This array contains 

Fig. 2. (A) Protein expression of Tip60 was detected in 4 CCA cell lines and normal biliary epithelial cell line HIBEC. (B) The expression levels of Tip60 were determined by real-time PCR in 4 CCA cell lines as well as the normal biliary epithelial cell line HIBEC, with GAPDH as an internal control. (C) (D) Down-regulation of Tip60 in RBE and HUCCT1 cells, detected by western blotting and QRT-PCR. (E) (F) Overexpression of Tip60 in HCCC9810 and QBC939 cells, detected by western blotting assay and QRT-PCR. Data are shown as mean ± SD. (*P<0.05, **P<0.01, ***P<0.001). Si1= Small interference RNA site 1, Si2= Small interference RNA site 2, NC=negative control, Lv= lentiviral vector overexpressing Tip60.
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Fig. 3. Tip60 down-regulation promoted CCA cell proliferation and invasion in vitro. (A) CCK8 assays were employed to detect the proliferation of CCA cells. (B) Colony formation assay was employed to detect the proliferation of CCA cells. (C) EDU assay was applied to detect the proliferation of CCA cells. (D) FACS analysis of synchronized negative control and cells with Tip60 overexpression during cell cycle progression. (E) Western blotting of CyclinD1 protein levels in control and cells with Tip60 overexpression. Data are shown as mean ± SD and were representative of three independent experiments. (*P<0.05, **P<0.01, ***P<0.001). Si1= Small interference RNA site 1, Si2= Small interference RNA site 2, NC=Negative control, Lv= lentiviral vector overexpressing Tip60.
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Fig. 4. Tip60 up-regulation promoted CCA cell migration and invasion in vitro. (A) Trans-well assay was conducted to assess the effect of Tip60 down-regulation on CCA cell migration and invasion. (B) Trans-well assay was conducted to assess the effect of Tip60 up-regulation on CCA cell migration and invasion. (C) Western blotting was applied to identify the expression of E-cadherin, N-cadherin, and Vimentin. Data are shown as mean ± SD and were representative of three independent experiments. (*P<0.05, **P<0.01, ***P<0.001). Si1= Small interference RNA site 1, Si2= Small interference RNA site 2, NC=negative control, Lv= lentiviral vector overexpressing Tip60.
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Fig. 5. Tip60 Inhibits the PI3K-AKT Pathway in CCA in vitro. (A) Phosphokinase signaling was screened in Tip60-upregulated vs. NC CCA cells using a phosphokinase array kit containing 46 phosphokinases. (B) The p-AKT (S473) is the dominant kinase, followed by Erk1/2. (C) PI3K, p-PI3K, AKT, p-AKT, and PTEN expression was examined by western blotting. Quantification of each protein was performed using GAPDH as an internal control. (D) Pearson correlation analysis was employed to calculate the correlation between the expression of Tip60 and PTEN in both ICC and ECC samples. Data are shown as mean ± SD and were representative of three independent experiments. (*P<0.05, **P<0.01, ***P<0.001). Si1= Small interference RNA site 1, Si2= Small interference RNA site 2, NC=negative control, Lv= lentiviral vector overexpressing Tip60.
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46 antibodies, each capable of binding cognate phosphorylated substrates in a cellular lysate, followed by chemiluminescent detection.  To perform this assay, we used QBC939 CCA cells because these contain relatively low endogenous levels of Tip60 protein.  The level of phosphorylated substrates, indicative of phosphokinase activation, in lysates from negative control (NC) cells was compared with lysates of cells wherein Tip60 was over-expressed with lentivirus (LV). Results, presented as the ratio of LV to NC cells, identified 14 phosphokinases that were inhibited >1.2-fold by Tip60.  Among these, p-AKT (S473) was inactivated at the highest level, followed by Erk1/2 (Fig. 5A, B). This response of p-AKT, as well as that of its upstream activator p-PI3K, to up- and down-regulated Tip60 levels was corroborated by western blotting (Fig. 5C). Western blotting and qRT-PCR were also used to evaluate levels of PTEN (phosphatase tensin homologue), which regulates PI3K/AKT signaling, in response to Tip60 content; PTEN is a frequently mutated tumor suppressor (second only to p53) that regulates tumor proliferation, invasion, metastasis, and differentiation. As shown in Fig. 4C, PTEN was decreased during Tip60 knockdown and increased during Tip60 up-regulation, with Pearson analysis revealing that PTEN levels positively correlated with Tip60 levels in CCA tissues (Fig. 5D). These results suggest that Tip60 regulates PI3K-AKT signaling by modulating PTEN levels.
Tip60 Regulated CCA Cell Proliferation and Metastasis via PI3K-AKT pathwayConsidering the above data, we speculated that Tip60 regulates CCA cell growth and metastasis though the PI3K-AKT pathway. To confirm our speculation, the well-known AKT activator, SC79, was used in QBC939 and HCCC9810 cells transfected with the Tip60 overexpressing lentivirus. The results showed that SC79 significantly promoted proliferation (Fig. 6A-C) and induced G1/S phase arrest of CCA cells overexpressing Tip60 (Fig. 6E). Moreover, activation (phosphorylation) of AKT with SC79 promoted the ability of CCA cells to metastasize (Fig. 6D). In addition, the expression of EMT and CyclinD1 was determined by western blotting, and the results showed that N-cadherin, vimentin, and cyclinD1 were increased and E-cadherin was decreased when the HCCC9810 and QBC939 cells were treated with sc79(Fig. 6F). We next investigated whether E-cadherin was correlated with the Tip60 level in ICC and ECC tissues. Pearson analysis was applied to reveal a positive correlation between E-cadherin and Tip60 (Fig. 5G).
Tip60 Attenuated the Proliferation and Metastasis of CCA Cells in a Nude Mouse Xenograft 
ModelTo further explore the effects of Tip60 in vivo, we established a xenograft nude mouse model using QBC939 cells overexpressing Tip60 (Fig. 7A). Compared with the control group, tumor weight and volume in Tip60 overexpressing mice were significantly reduced (Fig. 7B, C). Western blotting analysis also revealed that Tip60 expression was significantly higher than in the control group (Fig. 7D). To verify the role of Tip60 in tumor metastasis, Tip60 overexpressing QBC939 cells were injected via the tail vein. The results showed an observable decrease in the number of mice with lung metastasis and fewer metastatic nodules in the pulmonary tissues of each mouse (Fig. 7E) compared with the control group. We further investigated metastasis by immunohistochemistry; the results are presented in Fig. 7F. These observations suggested that Tip60 is a potent inhibitor of CCA metastasis. Taken together, these findings further indicated the tumor suppressive effect of Tip60 on CCA both in vitro and in vivo.
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Fig. 6. Tip60 regulates CCA cell proliferation and invasion in a PI3K-AKT-dependent manner. (A) CCK8 assay was employed to detect the proliferation of CCA cells. (B) Colony formation assay was employed to detect the proliferation of CCA cells. (C) EDU assay was applied to detect the proliferation of CCA cells. (D) Trans-well assay was conducted to assess the effect of Tip60 down-regulation on CCA cell migration and invasion. (E) FACS analysis of synchronized negative control and cells with Tip60 overexpression during cell cycle progression. (F) E-cadherin, N-cadherin, vimentin, and cyclinD1 expression were examined by western blotting. Quantification of each protein was performed using GAPDH as an internal control. (G) Pearson correlation analysis was employed to calculate the correlation between the expression of Tip60 and E-cadherin in both ICC and ECC samples. Data are shown as mean ± SD and were representative of three independent experiments. (*P<0.05, **P<0.01, ***P<0.001). Si1= Small interference RNA site 1, Si2= Small interference RNA site 2, NC=negative control, Lv= lentiviral vector overexpressing Tip60.
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Discussion

Cholangiocarcinoma is the second most common primary hepatic tumor, and accounts for nearly 3% of all gastrointestinal cancers diagnosed worldwide [22, 23]. Although incidence rates for ICC vary widely, the highest rates have been reported in Thailand, China, and other parts of Asia [24]. At present, surgical resection with adjuvant chemotherapy results in a better outcome in patients with CCA, however, overall survival time is still disappointing. Worldwide, CCA remains the highest ranked in terms of increased mortality for the period 

Fig. 7. Tip60 attenuated the growth and metastasis of CCA cells in a nude mouse xenograft model. (A) Nude mice were subcutaneously transplanted with cells stably overexpressing Tip60. (B) A representative tumor from each group. (C) The weight and volume of each tumor was calculated. (D) Tip60 was examined by western blotting to determine protein expression. Quantification of each protein was performed using GAPDH as an internal control. (E) Lung metastasis was recorded and analyzed in each group. (F) A representative immunohistochemistry stain of lung tissues with or without metastasis. Data are shown as mean ± SD. (*P<0.05, ** P< 0.01, ***P<0.001). NC=Negative control, Lv= lentiviral vector overexpressing Tip60.
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between 1990 and 2009 [25]. The classifications distinguish intra- (ICC) or extra-hepatic CCA (ECC), and ECC is further divided into hilar CCA located at the liver hilum, or distal CCA located near the pancreas. Current studies have investigated the molecular markers in CCA regardless of location [26]. It is difficult to ignore the differences between ICC and ECC regarding risk factors, epidemiology, growth patterns, symptoms, incidence of metastases, staging, treatment, and survival. This study is the first to determine Tip60 expression in both ICC and ECC, and to analyze the correlation between Tip60 expression level and clinical parameters, including prognosis.It is well known that acetylation is a major modification involved in gene regulation, genome maintenance,  and metabolism. MYST family members have a significant effect on chromatin structure in the eukaryotic nucleus by playing a key role in the posttranslational modification of histones [27]. Tip60, a member of the MYST family, is the acetyltransferase catalytic subunit of the Human NuA4 complex. Tip60 has been shown to remodel chromatin in several diseases, including several cancers such as lymphoma, melanoma, breast, colon, and lung cancer [28]. Many studies have shown that Tip60 may function as a tumor suppressor [29, 30]. Hu et al. reported that during the blastocyst stage of development, lack of Tip60 promoted embryo lethality, showing that Tip60 is an essential gene [31]. Tip60 is a vital protein and its function cannot be compensated for by other members of the MYST family.In the present study, we revealed that Tip60 expression was significantly down-regulated in both ICC and ECC tissues. Further, we found that down-regulation of Tip60 expression in ICC resulted in larger tumor size and venous invasion. In ECC, large tumor size, venous invasion, and advanced TNM stage was correlated with the down-regulation of Tip60. It is worth noting that the choice of a 5-cm cutoff in ECC and a 3-cm cutoff in ICC was based on accumulating data indicating better prognosis for smaller tumors. In the prognosis analysis, down-regulation of Tip60 expression correlated with worse overall survival (OS) time in both ICC and ECC. These results revealed that Tip60 might exhibit anti-oncogenic functions in ICC and ECC. Further, in vitro and in vivo experiments demonstrated that Tip60 inhibited CCA cell proliferation and metastasis.Phosphokinase array indicated that PI3K/AKT activation was negative correlated with the Tip60 expression. Therefore, we speculated that Tip60 was capable of suppressing CCA proliferation and metastasis by decreasing PI3K/AKT phosphorylation. As previous studies showed that the activity of the AKT signaling pathway increased along with the under-expression of TIP60[32], and histone levels may inhibit tumorigenesis through deactivation of the AKT cascade [33]. Our results suggested that the marker of AKT activation, phosphorylation at Ser473, was inhibited when TIP60 was overexpressed. As expected, the inhibitory effect of Tip60 up-regulation on CCA cell growth and invasion was significantly rescued by PI3K/AKT activation. AKT is activated in many human cancers, endowing tumor cells with motile and invasive properties [34]. The PI3K/AKT signaling pathway is also an important intracellular signal transduction pathway, participating in regulation of cell apoptosis and proliferation [35, 36]. To clarify whether the downstream target of Tip60 suppressed CCA proliferation and metastasis, we demonstrated that Tip60 inhibited EMT and CyclinD1 expression though the PI3K/AKT pathway in vitro.AKT, a promoter of the PI3K/AKT pathway is negatively regulated by a group of lipid phosphatases, of which PTEN is the main representative. The importance of PTEN in cellular function is underscored by the frequency of its deregulation in cancer [37, 38]. PTEN tumor-suppressor activity depends largely on its lipid phosphatase activity, which opposes PI3K/AKT activation. As such, PTEN regulates many cellular processes, including proliferation, survival, energy metabolism, cellular architecture, and motility [39, 40]. More than a decade of research has expanded our knowledge regarding how PTEN is controlled at the transcriptional level, as well as by numerous posttranscriptional modifications that regulate its enzymatic activity, protein stability, and cellular location [41]. Although the role of PTEN in cancer has long been appreciated, it is also emerging as an important factor in other diseases such as diabetes and autism spectrum disorders. In the current study, we demonstrated that the expression level of PTEN was correlated with Tip60 expression in clinical CCA samples. 
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In addition, the western blotting and IHC results showed that there is a positive correlation between Tip60 and PTEN. These results suggested that PTEN may play an important role in Tip60 regulation of the PI3K/AKT pathway.
ConclusionIn conclusion, we determined that Tip60 is significantly down-regulated in CCA tissues and cells, and acts as a tumor suppressor in CCA progression. In addition, our study suggested a role for Tip60 in regulation of the PI3K-Akt pathway and was a positive correlation between Tip60 and PTEN. Tip60 may serve as a promising therapeutic target or prognostic biomarker for CCA.
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