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ABSTRACT
OBJECTIVES: One of the best approaches for recognition of protein function is the induction of mutations for 
a gene knockout. In line with this strategy, gene editing tools allow researchers to induce these mutations. 
Lung cancer is one of the leading causes of death worldwide. ZEB1 and ZEB2 genes are the candidates for 
this disease.
METHODS: The ZEB1 and ZEB2 knockout in the non-small cell lung cancer cell line (A549 cell) was 
investigated. Purifi cation of recombination plasmids was performed from bacteria and then was transported to 
the A549 cell line. The deletion of ZEB1 and ZEB2 were examined by PCR.
RESULTS: The results demonstrated the mutation and deletion in ZEB1 and ZEB2 genes. Based on the 
fi ndings of this study, A549 cells were transfected with the vectors carrying the sgRNA/Cas9, simultaneously. 
The DNA fragment demonstrated the presence of indels in target sites as well as provided the potential of 
CRISPR/Cas9 system.
CONCLUSION: CRISPR/Cas9 offers a great potential as an effi cient technique for editing of ZEB1 and ZEB2 
genes in A549 cell line (Tab. 1, Fig. 6, Ref. 44). Text in PDF www.elis.sk.
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Introduction

Based on the high malignancy of lung cancer and due to the 
low survival rate of patients with lung cancer, much attention has 
been made towards the treatment of this disorder. Non-small cell 
lung cancer (NSCLC) is the most common form of lung cancer and 
surgery is considered the best option for treatment of lung cancer. 
However, physicians still have troubles in treatment of NSCLC 
and it seems that gene therapy can provide the major contribution 
in treatment of NSCLC (1).

Epithelial–mesenchymal transition (EMT) occurs in physi-
ological conditions such as: embryonic development and wound 
healing. During this process, epithelial cells undergo a number 
of biochemical and molecular changes to acquire mesenchymal 
cell traits (2). Upon EMT, the epithelial cells acquire the proper-
ties of mesenchymal cells such as: invasiveness, migration, high 
concentration of extracellular matrix constituents and increased 

resistance to apoptosis (3). Tumor cells apply EMT for invasion 
and metastasis (4, 5). Li et al examined the effect of EMT in me-
tastasis promotion of pancreatic ductal adenocarcinoma (PDAC) 
(6). It was found that knockdown of FOXO3a or SPRY2 stimulates 
EMT and subsequently, enhances the migration and invasion of 
PDAC cells. Kim et al investigated the effect of EMT in colorec-
tal cancer (CRC) (7). It was shown that a loss of claudin-1 was 
associated with higher metastatic activity of CRC cells through 
induction of EMT.

Multiple studies demonstrated the role of zinc fi nger E-box-
binding homeobox (ZEB) family on invasive behavior of lung 
cancer cells. The ZEB family consists of two major members: 
ZEB1 and ZEB2. Zinc fi ngers are among the most common 
DNA-binding motifs in eukaryotes. The studies demonstrated 
the vital role of ZEB proteins in renal development during em-
bryogenesis (8–10). ZEB1 and ZEB2 are related to the limb de-
velopment and Mowat-Wilson syndrome, respectively (11, 12). 
It has been shown that ZEB1 and ZEB2 can stimulate EMT, so 
that they negatively affect the expression of E-cadherin via bind-
ing to the E-box sequence on the E-cadherin promoter and lack 
of E-cadherin is associated with EMT induction (13). Harb et al 
examined the signifi cance of ZEB1 in renal cell carcinoma (14). 
It was found that positive expression of ZEB1 is associated with 
a negative E-cadherin expression, EMT induction and metastasis. 
Ang et al indicated the relationship between expression of ZEB 
family and invasiveness of breast cancer (15). In the study, it was 
found that upregulated microRNA-138-5p exerted inhibitory ef-
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fect on ZEB2 to prevent proliferation, metastasis and EMT of 
lung adenocarcinoma cells (16).

The focus on gene manipulation is due to the failure of drugs in 
cancer therapy. Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR) (17) is a based genomic editing technology, 
which has attracted much attention due to its high effi cacy, ease of 
use and great multi-targeting (18–20). CRISPR/Cas actually is a 
part of adaptive immune system defense of bacteria, which func-
tions in three distinct steps: adaptation, expression and interference. 
The aim of this system is to inhibit the invasion of viruses and 
phages. There are three major types of CRSPR/Cas including types 
I, II and III and bacterial type II CRISPR/Cas is extensively used. 
CRISPR/Cas system consists of a Cas endonuclease, a CRISPR 
RNA (crRNA) and a trans-activating crRNA (tracrRNA). CrRNA 
and tracrRNA form a single guide RNA (sgRNA). SgRNA targets 
DNA and subsequently, produces double-strand break (DSB). Cell 
uses two systems to repair this break: non-homologous end joining 
(NHEJ) and homology directed repair (HDR). NHEJ is based on 
insertion/deletion and frameshift mutation in target DNA, whereas 
HDR provides a template DNA for homologous recombination 
(21). It has been suggested that CRISPR is benefi cial for basic 
and clinical trial studies and also treatment of disorders associ-
ated with mutations. The main purpose of the present study was 
to investigate the possibility of ZEB1 and ZEB2 gene editing in 
the NSCLC cells. The major note of this study is the preparation 
of appropriate sgRNA, which was able to target ZEB1 and ZEB2 
genes. In this research, the guides were successfully tried on A549 
cells, which had the high capability to edit the genes.

Materials and methods

Preparation of sgRNA
The specifi c oligonucleotides for targeting favorite region of 

ZEB1 and ZEB2 genes were designed by online CRISPR De-

sign Tool (http://crispr.mit.edu/) and oligoes for construction of 
sgRNA-ZEB1, sgRNA1-ZEB2 and sgRNA2-ZEB2 are listed in 
the Table 1. To prepare each of the gRNA related genes, 3 μl of 
each top and bottom strands were suspended at fi nal concentra-
tion of 100 μM, 4 μl NaCl 0.5 M, 4 μl ligation buffer and water 
was added up to 20 μl volume. Annealing process was done using 
the following parameters: 95 °C for 5 min; ramp down to 25 °C 
at 5 °C min–1.

Cloning sgRNA and plasmid construction
Annealed oligoes related to sgRNA-ZEB1, sgRNA1-ZEB2 

and sgRNA2-ZEB2 were diluted 1:100 by adding 1 μl of annealed 
oligoes to 99 μl of ddH2O and sgRNA fragment was ligated in 
linear pSpCas9 (BB)-2A-Puro (PX459) V2.0 vector, which was 
digested by Bbs1 enzyme. Colony PCR for recombinant vector 
confi rmation was performed using sgRNAs oligoes as primer and 
specifi c primers vector, which is listed in Table 1.

Cell line and culture
NSCLC cell line (A549) was purchased from the National 

Cell Bank of Iran, Pasteur Institute of Iran and then, cultured in 
Dulbecco’s Modifi ed Eagle Medium (DMEM) supplemented with 
FBS (10 %, v/v) and antibiotics [penicillin (100 units/mL) and 
streptomycin (100 μg/mL)] at 37 °C in a CO2 incubator (5 % CO2 
and 95 % relative humidity).

Cell transfection
A549 cells (6 ×105) at passage 3 or 4 (after thawing of the 

cells) were seeded as single colonies in 12-well plates. After suit-
able cell density, recombinant vectors were transfected. Two days 
after transfection, the transfected cells were treated with 2 μg/ml 
(puromycin-Roche Life Science, Penzberg, Upper Bavaria, Ger-
many) for three days, to remove un-transfected cells and selection 
of the resistant cells. 

Oligoes SgRNAs Target 
position

W1 caccgCTCTGGGATGCGAAACGCG SgRNA-ZEB1K1 aaacCGCGTTTCGCATCCCAGAGC
W21 caccgCACGCGCCACCTATCTTTG SgRNA1-ZEB2K21 aaacCAAAGATAGGTGGCGCGTGC
W22 caccGTCTCCGCAAACGCTTTAG SgRNA2-ZEB2K22 aaacCTAAAGCGTTTGCGGAGAC

Primers Target 
gene

Length 
(bp)

F ACACGTACATTTCGGACCGA ZEB1 493R CCTATGCTCCACTCCTTGCT
F GGGAGGGAGGTGGAATTTCA ZEB2 365R TCCCGGAGCAAACTGTACAA

Primers for colony PCR Length(bp)
F(v) GGGCCTATTTCCCATGATTCCT 402R(v) CGCGCTAAAAACGGACTAGC
F(v) GGGCCTATTTCCCATGATTCCT 280K K
W W 160R(v) CGCGCTAAAAACGGACTAGC

Tab. 1. Oligoes for sgRNA construction and primers for mutation 
confi rmation.

Fig. 1. Results from colony PCR which was performed to confi rm the 
cloning of the guide for ZEB1.
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Sequencing analysis and mutation confi rmation
The genomic DNA of the transfected and control cells was 

isolated. DNA fragments that covered the gRNA target region 
were amplifi ed using Polymerase Chain Reaction (PCR). Mutation 
site targeted by sgRNAs were amplifi ed by Pfu DNA Polymerase 
(Maxcell, Iran). The specifi c primers are listed in the Table 1.

 The PCR products were verifi ed using gel electrophoresis, 
purifi ed using the QIAquick gel extraction kit (Quiagen, Hilden 
Germany), and directly sequenced to scan mutations induced by 
Cas9 endonuclease.

Results

Cloning results
SgRNAs cloning in px459 vector were confi rmed using colony 

PCR technique (Figs 1 and 2) and vector sequencing with certain ex-
ternal segment was done by Macrogen Company and the sequenc-
ing analysis approved the presence of specifi c sgRNA in vectors.

Knockout genes by CRISPR/Cas9 in A549 cells
To knockout ZEB1 and ZEB2 genes, three sgRNAs target-

ing human genes were selected: one target ZEB1 and two targets 
ZEB2 genes. The target sequence is shown in Figures 3 and 4. 
A549 cells were transfected with the vectors carrying the sgRNA/
Cas9, simultaneously, scrambled transfected cells were kept as 
control. Treatment with puromycin antibiotic was adopted in order 
to choose transfected cells.

Insertion/deletion (indel) scanning
To evaluate indel produced by CRISPR/Cas9 system, A549 

cells were transfected with the sgRNA. Un-transfected cells were 
removed by puromycin treatment, genomic DNA was extracted, 
and genomic regions containing sgRNA target sites were amplifi ed. 
The DNA fragment exhibited the presence of indels in target sites 
as well as provided the potential of CRISPR/Cas9 system (Figs 
5 and 6). Also, sequencing analysis demonstrated a mutation in 
specifi c region of ZEB1 and ZEB2.

Fig. 2. Results from colony PCR which was performed to confi rm the 
cloning of the guide for ZEB2.

Fig. 3. Schematic illustration of ZEB1 gene structure and sequences around the target loci.

Fig. 4. Schematic illustration of ZEB2 gene structure and sequences around the target loci.
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Discussion

Cancer is one of the most challenging disorders around the 
world (22–25) and it appears that lung has a particular sensitivity to 
potentially toxic agents and damage, resulting in various lung dis-
orders (26–29). Gene therapy is considered a promising strategy in 
promoting the health of a number of inherited and acquired human 
conditions such as: cancer, diabetes, cardiovascular diseases and 
mental disorders (30). During the recent years, CRISPR/Cas9 has 
shown a potential effi cacy for genome editing (31). Compared to 
the conventional gene editing systems such as: zinc-fi nger nuclease 
(ZNF) and transcription-activator-like effector nuclease (TALEN), 
type II CRISPR is more effi cient, fl exible and less costly (32). It 
is possible to simultaneously edit various genes through loading 
several sgRNAs into a single CRISPR assay. Overexpression of 
ZEB1 is often associated with EMT induction and more invasive 
growth of cancer cells. Several studies examined the role of ZEB1 
in the invasion of tumor cells and the results were interesting. In 
the study, Maturi et al examined the impact of ZEB1 knockout in 
triple negative breast cancer cells (33). It was found that ZEB1 
was not only involved in the EMT induction in breast cancer cells, 
but it also contributed to the oncogenic potential of these cancer 
cells. In another study, the role of ZEB1 in the bortezomib sensi-
tivity of mantle cell lymphoma was evaluated (34). It was shown 
that ZEB1 knockdown led to the higher sensitivity of mantle cell 
lymphoma to bortezomib. Zhang et al indicated the expression of 
ZEB1 in non-neoplastic Barret’s cells (35). It was found that these 
cells had enhanced levels of ZEB1 and showed some of the prop-
erties of EMT including reduced cadherin 1, elevated fi bronectin 
1, vimentin and matrix metalloproteinase 2, and enhanced motil-
ity. Jagle et al demonstrated the role of ZEB1 in invasiveness of 
LS174T colorectal cancer cells (36). Notably, it was shown that 
ectopic ZEB1 was associated with potential impacts on the cell 

morphology and invasive growth and also expression of ZEB1 
did not result in an inhibition of epithelial marker genes and up-
regulation of mesenchymal markers. On the other hand, Hosain 
et al demonstrated the role of ZEB1 in colon cancer cells (37). It 
was found that stimulation of EMT in the tumor cells exposed to 
doxorubicin was mainly performed via ZEB1 factor, showing the 
potential role of this factor in the invasive growth of colon cancer 
cells. The role of EMT in NSCLC is important due to its effect 
on the prognosis. Yang et al evaluated the impact of FOXP3 on 
EMT in NSCLC patients (38). It was found that FOXP3 decreased 
the level of E-cadherin and increased the level of N-cadherin to 
stimulate EMT, resulting in enhancing tumor growth, metastasis 
and decrease in overall survival. In another study, Liu et al ex-
amined the effect of hepatocyte growth factor (HGF) on EMT in 
NSCLC (15). It was shown that HGF stimulated EMT in NSCLC 
cell liners A549 and H460 to enhance the cellular migration and 

Fig. 5. Results from PCR to confi rm mutation in the ZEB1 gene.

Fig. 6. Results from PCR to confi rm mutation in the ZEB2 gene.
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invasion. These studies demonstrated the negative effect of EMT 
in the prognosis of patients with NSCLC and due to the remark-
able role of ZEB1 in EMT, it would be effective in improving 
survival and prognosis by knock-outing this gene. In this study, 
we demonstrated that CRISPR/Cas9 system was a valuable, effi -
cient and inexpensive tool for ZEB1-knockout, which can be used 
for generation of animal models and investigating the effects of 
therapeutic compounds.

In the study, Lee and colleagues examined the role of Bcl-
2-interacting cell death suppressor (BIS) in the migration and 
invasion of A549 NSCLC (39). The results of this study showed 
that BIS knockout by CRISPR/Cas9 led to the inhibition of mi-
gration and invasion of A549 cells. Also, CRISPR/Cas9 has re-
vealed the role of other transcription factors such as: UTX and 
Rsf-1 in lung tumorigenesis and drug sensitivity, respectively (40, 
41). Hence, CRISPR/Cas9 is an effi cient system for discovering 
the role of genes in lung cancer. In this study, we focused on the 
role of ZEB2 gene in the invasion and malignancy of A459 cells 
via using CRISPR. The common structural property of ZEB2 is 
the presence of a homeodomain with two clusters of zinc fi nger 
(42). This protein has a full-length of 1215 amino acids in the 
mouse and 1214 aminoacids in human (43). Developmentally, 
ZEB2 plays a remarkable role in various cellular mechanisms 
including embryonic development (43). Over the past decades, 
much attention has been performed towards the role of ZEB2 in 
the malignancy and invasion of different cancers. In the study, the 
effect of FAT10 on the invasion and migration of breast cancer 
cells was evaluated (21). The results demonstrated that FAT10 
bound to the ZEB2 to diminished its ubiquition, resulting in up-
regulation of ZEB2 and invasion and metastasis of breast cancer 
cells. Hong and coworkers examined the effect of miR-124 on the 
invasion and metastasis of triple-negative breast cancer (TNBC) 
(44). It was found that miR-124 underwent downregulation in 
TNBC cells and tissues and overexpression of miR-124 prevent-
ed the proliferation, metastasis and EMT of TNBC cells through 
inhibition of ZEB2. These studies demonstrated the vital role of 
ZEB2 in the activation of tumor cells. In this study, we edited 
ZEB1 and ZEB2 genes using CRISPR/Cas9 and this might result 
in suppression of ZEB1 and ZEB2 and decreased malignancy of 
A549 cells and might be associated with a better prognosis in pa-
tients with NSCLC.

Conclusion

The major note of this study was the preparation of appropri-
ate guide, which was able to target ZEB1 and ZEB2 genes. In this 
research, the guides were successfully tried on A549 cells, which 
had a high capability of cutting and the section containing promoter 
was removed from some of the cells. On the other hand, due to 
the association of ZEB1 and ZEB2 proteins with EMT markers, it 
could be concluded that inactivation of ZEB1 and ZEB2 proteins 
led to the lack of EMT stimulation. Generation of animal disease 
models is the major suggestion of this study to perform treatment 
procedures and fi nd protein functions as well as to design the func-
tion network of proteins using CRISPR/Cas9 system.
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