
Cell Physiol Biochem 2015;37:201-213
DOI: 10.1159/000430345
Published online: August 20, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 201

Ma et al.:  KDM6B Elicits Apoptosis by FOXO1 in NSCLCs

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
1421-9778/15/0371-0201$39.50/0

Original Paper

Accepted: July 06, 2015

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to 
the online version of the article only. Distribution permitted for non-commercial purposes only.

 Copyright © 2015 S. Karger AG, Basel

State Key Laboratory of Oncogenes and Related Genes, Shanghai Cancer Institute, Renji 
Hospital, Shanghai Jiao Tong University School of Medicine, No. 25/Ln 2200 Xie-Tu Road, 
Shanghai 200032, (China); Tel. +86-21-64436581, E-Mail wxqin@sjtu.edu.cn

Wenxin Qin

KDM6B Elicits Cell Apoptosis by Promoting 
Nuclear Translocation of FOXO1 in Non-
Small Cell Lung Cancer

Jun Maa   Ning Wanga   Yurong Zhanga   Cun Wanga   Tianxiang Gea    
Haojie Jina   Xuan Denga   Xisong Huoa   Dishui Gua   Zhouhong Gea   Wei Chua   
Liyan Jiangb   Wenxin Qina

aState Key Laboratory of Oncogenes and Related Genes, Shanghai Cancer Institute, Renji Hospital, 

Shanghai Jiao Tong University School of Medicine, Shanghai, bDepartment of Pulmonary Medicine, 

Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai, China

Key Words
KDM6B • Nonsmall cell lung cancer • Apoptosis • FOXO1 • Metastasis

Abstract
Background/Aims: Non-small cell lung carcinoma (NSCLC) is the most common type of 
lung cancer and the cause of most cancer-related deaths. The molecular mechanisms that are 
involved in NSCLC development are currently not well understood. Accumulating evidence 
shows that histone demethylases play important roles in the regulation of pathological 
developmental processes in many diseases, including various types of cancers. Methods: 
Mitochondrial membrane potential assays, migration and invasion assays, caspase-3 and 
caspase-9 activity assays and western blot analysis were used in this research. Results: We found 
that overexpression of KDM6B, a demethylase that acts on histone H3 at lysine 27 (H3K27), 
inhibited cell growth by initiating mitochondria-dependent apoptosis and by attenuating the 
invasion–metastasis cascade in NSCLC cells. Moreover, our results showed that KDM6B directly 
interacted with FOXO1 and that overexpression of KDM6B promoted nuclear accumulation of 
FOXO1. The effects of KDM6B on cell apoptosis and metastasis were weakened by knockdown 
of FOXO1 expression. On the contrary, knocking down expression of KDM6B inhibited cell 
apoptosis and promoted cell growth by mitigating the nuclear translocation of FOXO1 in 
NSCLC cells. Conclusions:
in NSCLC by causing the nuclear translocation of FOXO1.

Introduction

Lung cancer is one of the most common malignancies and the leading cause of cancer-
related deaths in the world [1, 2]. Non-small cell lung carcinoma (NSCLC) is the most common 
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histological type of lung cancer and accounts for more than 85% of the cases [3]. The main 
types of NSCLC are adenocarcinoma and squamous cell carcinoma [4]. Although some 
advanced treatment techniques have been developed, the 5-year survival rate of patients 
with NSCLC remains poor [5]. Moreover, the molecular mechanisms involved in NSCLC are 
poorly understood. Therefore, it is necessary to identify novel genes that participate in 
regulating the progression and development of NSCLC.

The development of tumors often results from an imbalance between cell proliferation 
and apoptosis. Apoptosis plays a negative regulatory role that acts against the initiation and 
progression of cancer. Genes associated with the regulation of apoptosis are considered to 
be a new class of tumor-related genes [6]. Histone methylation, which is regulated by histone 
methyltransferases and demethylases, participates in the regulation of transcriptional 
repression and activation during both normal embryonic development and carcinogenic 
progression [7, 8]. Multiple cellular functions, including cell proliferation, apoptosis and 
differentiation, are affected by histone methylation. Previous studies have shown that some 
histone methyltransferases and demethylases are closely related to cell growth, metastasis 
and apoptosis during the progression and development of cancer [9-11].

The trimethylation of lysine 27 of histone H3 (H3K27me3) is an important function 

an oncogene, enhances tumorigenesis and promotes the development of tumors in patients 
with Hodgkin's lymphoma, breast carcinoma, and renal cell carcinoma [14-16]. Currently, 

Materials and Methods

Cell culture

The human NSCLC cell lines A549, H460, H1299, SK-MES-1, H1650, H292, and H358 were purchased 

from American Tissue Culture Collection 

2
 atmosphere at 37 °C.

Western blot assay

Cell proteins were extracted with the T-PER tissue protein extraction reagent (Pierce, Rockford, 

IL) containing the appropriate concentrations of proteinase inhibitors and phosphatase inhibitors 

(Tris 20 mM, pH 7.6, NaCl 150 mM, and Tween 20 0.1%) containing 5% nonfat dry milk powder, the 

at 4°C, followed by reaction with HRP-conjugated secondary antibodies for 1 h at room temperature and 

enhanced chemiluminescence reagents, protein bands were visualized using chemiluminescence detection. 



Cell Physiol Biochem 2015;37:201-213
DOI: 10.1159/000430345
Published online: August 20, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 203

Ma et al.:  KDM6B Elicits Apoptosis by FOXO1 in NSCLCs

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry

RNA isolation and real-time RT-PCR

Total RNA was extracted from cells using TRIzol reagent (Invitrogen). The PrimeScript™ RT Reagent 

the internal reference gene beta-actin and represented using the 2  method.

Lentivirus production and cell transduction

5), 
6 recombinant lentivirus-transducing 

MTT assay

incubated for 4 h in medium containing 0.5% 3-[4, 5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide 

Absorbance was read at 540 nm using a microplate reader. The experiment was performed in triplicate.

FOXO1 knockdown with short interfering RNA

blot.

LDH release assay

absorbance was then measured at 440 nm using a spectrophotometer. Sister cultures were treated with a 

using medium containing Triton-lysed cellular supernatant.

Migration and invasion assays

4 4 H460 cells were resuspended in 0.2 ml 
4 A549 

4 

chamber. After an optimal incubation time, we used a cotton swab to remove non-migrated and non-invaded 

cells from the upper chamber. The migrated or invaded cells were stained with crystal violet (1% in methyl 

alcohol) for 10 min.

Mitochondrial membrane potentials assay

4
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Hoechst staining

microscope using 350-nm stimulation and 460-nm emission.

Measurement of caspase-3 and caspase-9 activity

Levels of caspase-3 and caspase-9 activity were measured by cleavage of a caspase-3 substrate, Ac-

for western blot analysis. Approximately 50 mg of total protein was then added to a reaction buffer 

then normalized to the total protein of respective cell lysates.

Statistical analysis

Results

Expression analysis of KDM6B in NSCLC cell lines

Overexpression of KDM6B inhibits cell growth by cell apoptosis

Apoptosis is an important process that regulates cell growth. Therefore, we explored 

of caspase-3 in A549 and H460 cells. Apoptosis-related changes to nuclear morphology 
were also observed by staining with Hoechst 33342. The proportion of abnormal nuclear 
characteristics (including crenation, condensation and fragmentation) was substantially 
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Mitochondria-dependent apoptosis is initiated by KDM6B overexpression
Intrinsic cell apoptosis is usually initiated by a decrease in mitochondrial membrane 

Fig. 1. 

-

-
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increase in the number of cells with low MMP, from 8.1% to 22.3%. Similar results were 

overexpression induces a decrease in MMP by disrupting mitochondrial integrity.

decline in MMP and triggers mitochondria-dependent apoptosis. We next studied whether 

Fig. 2. 

-
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KDM6B interacts with FOXO1 and promotes its nuclear accumulation

and H460 cells. Moreover, co-immunoprecipitation results showed that overexpression of 

Pro-apoptotic effects of KDM6B are weakened by FOXO1 knockdown

FOXO1 mediates the inhibition of cell apoptosis induced by knockdown of KDM6B

Fig. 3. 

-

motes the nuclear accu-

decreased phosphoryla-

overexpression led to a 

nuclear accumulation 

-

enhanced endogenous 

interactions between 

experiments are perfor-

med in triplicate and re-
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KDM6B inhibits invasion–metastasis cascades in NSCLC by targeting FOXO1
Invasion–metastasis cascades, which can result in the dissemination of cancer cells to 

anatomically distant organs, are important events in the development of cancers. To explore 

Fig. 4. 

-

-
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Fig. 5. 

-
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Fig. 6. 

-

-

hanced the migration and invasive behavior of H1650 cells, which was antagonized by wortmannin. G and 

cells. Cell numbers in migration and invasion assays were calculated microscopically and are represented 
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Discussion

tumor sphere formation and increase peritoneal dissemination and liver metastasis 
in pancreatic adenocarcinoma [12]. The aggressiveness of colon cancer cells and the 

has been shown to induce the expression of mesenchymal genes and to promote invasion–

therefore remained uncertain. In the present study, we provide new evidence showing that 

molecule in this process, acts as a powerful inducer of apoptosis by triggering mitochondrial 
disruption and decreasing mitochondrial membrane potentials [20, 21]. Increased 

decreased MMP and increased mitochondrial permeability, which promotes the release of 
cytochrome C from mitochondria into the cytoplasm. Cytochrome C in the cytoplasm, in turn, 
prompts the activation of caspase cascades and triggers cell apoptosis [23, 24]. To explore 

.

decreased MMP, resulting in a disruption to mitochondrial integrity. Conversely, knocking 

various cellular processes [25]. Cell homeostasis is normally maintained through a dynamic 

increases the expression of several genes involved in the apoptotic pathway. Phosphorylation 

Invasion–metastasis cascades are an important biological characteristic of malignant 

the spread of cancer cells to anatomically distant organs, these processes greatly exacerbate 

overexpression reduced migration and invasion and mitigated cancer aggressiveness in 
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to be further studied.

treat NSCLC.
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