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Background: NF-«B is a sequence-specific DNA-binding transcription factor that plays key
roles in inflammation and cancer. It is well known that NF-kB is over-activated in these
diseases. NF-kB inhibitors are therefore developed as promising drugs for these diseases.
However, finding NF-kB inhibitors is dependent on effective screening platforms.
Methods: For providing an easy and visualizable tool for screening NF-kB inhibitors, and
other NF-«B-related studies, this study edited all five genes of NF-«B family (RELA, RELB,
CREL, NF-kB1, NF-«B2) in three different cell lines (293T, HepG2, and PANC1) with both
TALEN and CRISPR. The edited NF-xB genes were repaired by homology-dependent repair
using a linear homologous donor containing ZsGreen coding sequence. The edit efficiency
was thus directly evaluated by detecting cellular fluorescence. The editing efficiency was
also confirmed by PCR detection of NF-kB-ZsGreen fused genes.

Results: It was found that all genes were more efficiently edited by TALEN in all cells than
CRISPR. The positive cells were then isolated from the TALEN-edited cell pool by flow
cytometry. The purified positive cells were finally evaluated by regulating NF-«kB activity
with a known NF-kB inhibitor, BAY 11-7082, and an NF-«kB-targeting artificial microRNA,
miR533. The results revealed that all the labeled NF-kB genes responded well to the two
kinds of NF-kB activity regulators in all cell lines.

Conclusion: This study thus obtained 15 cell lines with NF-kB-ZsGreen fused genes, which
provide an easy and visualizable tool for screening NF-xB inhibitors and other NF-
kB-related studies.
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Introduction

Targeted integration of transgenes is usually achieved by a homologous recombina-
tion (HR)-mediated method."? It requires a repair template that harbors left and
right homology arms (HAs) (500-3000 bp), thus allowing precise insertion of large
DNA fragments. To facilitate such targeted integration of transgenes, a targeted
DNA double-strand break (DSB) has to be produced in the genome by using
custom-designed nucleases, such as zinc-finger nuclease (ZFN),>™® transcription
activator-like effector nucleases (TALEN),>” and the clustered regularly inter-
spaced short palindromic repeats (CRISPR)/CRISPR-associated protein-9 nuclease
(Cas9)."* However, DSBs are lethal to cells so that it must be repaired by the cell’s
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DNA repair machinery. DSBs can be repaired via impre-
cise nonhomology-based repair mechanisms, such as non-
homologous end-joining (NHEJ), or by precise homology-
dependent repair (HDR).” HDR utilizes a template DNA
that contains sequences homologous to the flanking
sequences of the DSB.'" The homologous sequences are
termed as homology arms. The HDR can use donors of
variant forms including single-stranded DNA oligonucleo-
tides (ssODNs) and double-stranded DNA (PCR
fragments).'' The PCR fragments with 35-bp homology
arms can function as efficient donors for genome editing in
mouse embryos and human cells.'” The genome editing
and HDR are now widely used to produce various chi-
meric antigen receptor (CAR) immunotherapeutic cells
such as CAR-T. Additionally, other cell therapies also
rely on gene modification to provide cells with particular
functions.

Nuclear factor kB (NF-«B) is a family of DNA-binding
transcription factors. The NF-kB family consists of five
members, RelA/p65, RelB, c-Rel, p50, and p52, which are
coded by the genes of RELA, RELB, CREL, NF-kB1, and
NF-kB2, respectively. These members are classified into
two groups: a group of p50 and p52, and the other group of
RelA, RelB, and c-Rel.'® The former has the DNA-binding
domain (DBD) but no transcription activation domain
(TAD); however, the latter has both DBD and TAD. The
main functional and canonical dimer of NF-xB family is
p50-p65 heterodimer.'® NF-kB plays various key roles in
many physiological and pathological processes, such as

13-15

immunity, cell proliferation,'® apoptosis,

17,1 . ‘1
1% and especially oncogenesis.'” Some stu-

inflammation,
dies indicate that many diseases are associated with the
of NF-«B

pathway.'®?° For instance, NF-kB is abnormally activated

aberrant activation and its signaling
in many human cancers to promote survival and malig-
nancy by upregulating antiapoptotic genes.>' Therefore,
many pharmaceutical companies and scientists have been
committing to develop NF-kB inhibitors for inflammation
and cancer therapy.*>

Chemicals are important fields to develop inhibitors of
NF-xB activity. For instance, BAY 11-7082 is a widely
used NF-kB inhibitor that inhibits NF-«kB activity by inhi-
biting the phosphorylation of IxBa.”> In addition,
microRNA (miRNA) is a kind of natural small RNA
(~22 nt), which can regulate gene expression by blocking
target mRNA translation or inducing target mRNA
degradation.**?® For finding the NF-kB inhibitors, an

effective cellular platform is essential, in which the change

of NF-«B activity under the treatment of various potential
drugs should be better facilely and quantitative monitored.
For this purpose, various NF-«kB reporter stable cell lines
with NF-kB reporter construct that contains several repeats
of NF-kB binding sites, a minimal promoter upstream of
the green fluorescent protein (GFP) and/or luciferase cod-

d,27*33 which allows an assess-

ing region were develope
ment of NF-xB activity via fluorescence microscopy, flow
cytometry, and/or luminometry. However, these constructs
are independent on the natural promoters of NF-xB genes.
They report a signal resulted from NF-kB activity but not
NF-«xB itself. In addition, the current platforms are only
developed for NF-kB RelA; however, NF-kB family con-
sists of five genes. RelA just forms the canonical NF-xB
signaling pathway, while others such as p52-RelB consist
of a noncanonical NF-kB signaling pathway.'>** These
different pathways were activated by different sets of
stimulators and activate different sets of target genes.'>*
Therefore, more simple and comprehensive cell platforms
are still in demand in the industry.

This study systematically edited all five genes of NF-xB
family in three different cell lines (293T, HepG2, PANC1)
with both TALEN and CRISPR. The lincar HDR donor
containing ZsGreen coding sequence was used to repair
the TALEN/CRISPR-produced DBSs. In this
a ZsGreen coding sequence was fused to the ends of NF-
kB genes, which would produce ZsGreen-labeled NF-kB

proteins under the control of natural promoters of NF-kB

way,

genes. The editing results were characterized by the fluor-
escent imaging of cells, quantitative analysis of cell fluor-
escence with flow cytometry, and quantitative PCR (qPCR)
detection of NF-kB-ZsGreen fused genes. The editing
results were also evaluated by treating cells with an NF-
B stimulator, TNFa. Finally, the positive cells were iso-
lated from the edited cells with flow cytometry according to
cellular fluorescence and further validated by treating cells
with two kinds of NF-kB inhibitors, chemical and
microRNA inhibitors. This study thus obtained 15 cell
lines with NF-kB-ZsGreen fused genes, which provide an
easy and visualizable tool for screening NF-«kB inhibitors
and other NF-«kB-related studies.

Methods

TALEN and CRISPR Vectors

The TALEN and CRISPR expression plasmids that
express TALEN and CRISPR/Cas9-sgRNA targeting five
genes of NF-kB family came from our recent study.*> All
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vectors used for cell transfection were purified from DH5a
using EndoFree Plasmid kits (QIAGEN, Germany) and
quantified with a NanoDrop 2000c Spectrophotometer
(Thermo Fisher Scientific, USA).

HDR Donor Preparation

The linear HDR donors that were used to fusing ZsGreen
coding sequences to NF-kB family genes were prepared by
PCR amplification. Oligonucleotide ending with 35-nt
sequences that were used as homology arms targeting NF-
kB family genes were used as primers (Table S1). A linear
DNA fragment containing the Gslink-ZsGreen coding
sequences was used as a template. The PCR reaction (30
pL) contained 1 ng Gslink-ZsGreen DNA fragment (tem-
plate), 10 uM hom-F (Table S1), 10 uM hom-R (Table S1),
and 1xPrimeSTAR®HS DNA Polymerase (Takara, Japan).
PCR program was 96°C 3 min, 28 cycles of 96°C 20 s, 58°C
20 s, and 72°C 1 min, and 72°C 5 min. The PCR products
were purified with a Gel Extraction Kit (QIAGEN).

Cell Culture and Transfection

293T, HepG2, and PANCI cells were obtained from the cell
resource center of Shanghai institute for biological sciences,
Chinese Academy of Sciences; China. 293T is a human
embryonic kidney cell with stable gene sequence coding
SV40 large T antigen, HepG2 is a human hepatoma cell,
and PANCI is a human pancreatic carcinoma cell. 293T is
widely used in gene editing studies due to its high transfec-
tion efficiency. Hepatoma is a cancer that most seriously
threatens the health and life of the Chinese. The pancreatic
carcinoma is recognized as the king of carcinoma due to very
limited therapy and high mortality. Therefore, the three cell
lines were selected to use in this study. Cells were cultured
with DMEM (HyClone, USA) containing 10% fetal bovine
serum (FBS) (HyClone), 100 U/mL penicillin, and 100 pg/
mL streptomycin in a humidified incubator with 5% CO, for
37°C. Cells were seeded in a 24-well plate at a density of
5x10" cells/well and incubated for 24 h. The cells were co-
transfected with 400 ng of TALEN vector (200 ng left
TALEN and 200 ng right TALEN) or CRISPR/Cas9-
sgRNA vector and 400 ng of HDR donor. The cell transfec-
tion was performed with lipofectamine 2000 (Invitrogen,
USA) according to the manufacturer’s instruction. The trans-
fected cells were cultured for an additional 72 h. The cells
were rinsed with PBS and imaged with a fluorescent micro-
scope, IX51 with DP71 (Olympus, Japan), and quantitatively
analyzed with a flow cytometer, BD Calibur (BD, USA). Ten
thousand cells were analyzed in flow cytometry.

PCR Detection of Fused Genes

The genomic DNA (gDNA) was extracted from the edited
cells by using a gDNA extraction kit (Tiangen, China).
The gDNA was detected by quantitative PCR (qPCR)
using a StepOnePlus™ Real-Time PCR system (Applied
Biosystems, USA). The fused NF-kB genes were detected
with forward primers (RELA-F, RELB-F, CREL-F,
NFKBI-F, or NFKB2-F; Table S2) and a reverse primer
(ZsGreen-R; Table S2). GAPDH gene was also detected as
an internal control with primers GAPDH-F and GAPDH-R
(Table S2). The PCR reaction (20 pL) consisted of 100 ng
of gDNA, 10 uM forward primer, 10 uM reverse primer,
and 2xSYBR Mix (Roche, Switzerland). PCR program
was 95°C 3 min, 40 cycles of 95°C 15 s, and 60°C 1
min. The PCR products were detected by agarose gel
electrophoresis.

TNFa Stimulation of NF-kB Fused Gene
The TALEN-edited cells were seeded in 24-well plates
and incubated for 24 h at 37°C in 5% CO,. The cells
were then stimulated with TNFa (Sigma, USA) at a final
concentration of 10 ng/mL for 1 h. The control cells
were not treated by TNFa. The cells were then washed
with cold PBS and collected by trypsinization. The col-
lected cells were washed with cold PBS. The cells were
fixed in formaldehyde (Sigma) at a final concentration of
1% (w/v) for 10 min at room temperature. The cross-
linking was terminated by adding glycine at the final
concentration of 0.125 M. The cells were precipitated
by centrifugation at 1500 rpm for 10 min at 4°C. The
cells were lysed with 500 pL of lysis buffer (10 mM
Tris-HCI, pH 7.4, 10 mM NaCl, 3 mM MgCl,, and 0.1%
IGEPAL CA-630). The nuclei were collected by centri-
fugation at 1500 rpm for 10 min at 4°C. The nuclei were
washed twice with PBS. Finally, the nuclei were imaged
with fluorescent microscope IX51 with DP71 (Olympus)
and analyzed with flow cytometry (Calibur).

Screening of Positive Cells

The TALEN-edited cells were collected by trypsinization.
The cells were resuspended in 200 pL. DMEM (HyClone)
containing 2% fetal bovine serum (FBS) (HyClone), 100
U/mL penicillin, and 100 pg/mL streptomycin. The cells
were used to screen positive cells with green fluorescence
through a sorter of flow cytometry (BD FACSAria™ III,
USA). The
one million edited cells. The screened cells (about

fluorescent cells were purified from
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100-200 thousand) were cultured at 37°C for 48 h in a 24-
well plate.

Validation of Screened Cells by NF-xB

Regulators

The positive cells cultivated in 24-well plates were treated
with 50 uM BAY 11-7082 (Abmole, USA) for 1 h. The
cells were imaged with fluorescent microscope (IX51 with
DP71) and analyzed with flow cytometry (Calibur). The
positive 293T, HepG2, and PANCI cells in 24-well plates
were transfected with 800 ng of pDMP-miR533, respec-
tively. The cells were cultured for an additional 72 h. The
cells were imaged with a fluorescent microscope (IX51
with DP71) and analyzed with flow cytometry (Calibur).

PCR Detection of NF-kB Target Gene

Expression

The total RNA was purified from cells using the Trizol®
reagent (Invitrogen). Then, 500 ng of total RNA was
reversely transcribed into cDNA using PrimeScript™ RT

A RELA: Left hom arm-F / primer F

Master Mix (Takara) according to the manufacturer’s
instructions in a total volume of 10 pL. Triplicate samples
per treatment were evaluated on a ABI Step One Plus
(Applied Biosystems). The reaction mixture contained 2
pL cDNA, 0.25 pM of primers, and 10 pL of Hieff gPCR
SYBR Green Master Mix (Yeasen, China) in a total
volume of 20 pL. The primers used in qPCR were list in
Table S3. PCR program was 95°C 5 min, 40 cycles of 95°
C 10 s, and 60°C 30 s. The melting curve analysis was
performed. The threshold value Ct values were normalized
by subtracting the Ct values obtained for GAPDH. The
ACt values were then used to calculate relative changes of
mRNA expression.

Results

Editing NF-kB Family Genes in Three Cell
Lines with Both TALEN and CRISPR

Five pairs of TALEN and five CRISPR expression plas-

mids were prepared by our recent study that developed an
easy ready-to-use TALEN plasmid preparation pipeline.*

GACATGGACTTCTCAGCCCTGCTGAGTCAGATCAGCTCCTAAGG@TGACGCCTGCCCTCCCCAGAGCACTGGGTTGCAGGGGATTGAAGCCC
CTGTACCTGAAGAGTCGGGACGACTCAGTCTAGTCGAGGATTCCCCCACTGCGGACGGGAGGGGTCTCGTGACCCAACGTCCCCTAACTTCGGG

RELB:

»

GGGGCGGCCTCCTATCCCCGGGGCCTGAAGCCACGTAGCCCCGCGATGCCAGAGGAGIGGACACTGGGTGGGGAGGGAGGTGGAGGAGCCGTGCAA
CCCCCGCCGGAGGATAGGGGCCCCGGACTTCGGTGCATCGGGGCGCTACGGTCTCCTCCCCGTGACCCACCCCTCCCTCCACCTCCTCGGCACGTTA

CREL:

TTGAGTGACTCCTTTCCATATGAATTTTTTCAAGTATAACTTGCAAGATTTAAATCCTTTTAAATCTTGATACCACCTATATAGATGCAGCATTTTGTATTTGTCTAACTGGG

NFKB1:

GATTATGGGCAGGAAGGACCTCTAGAAGGCAAAATTTAGCCTGCTGACAATTTCCCACACCGTGTAAACCAAAGCCCTAAAATTCCACTGCGTTGTCCACAAGACAGAAGCTG

NFKB2:

GGGCTCTGCCACGGGCACCCCCAGCCTCAGGTGCACTGACCTGCTGCCTGCCCCCAGCCCCCTTCCCGGACCCCCTGTACAGCGTCCCCACCTATTTCAAATCTTATTTAACACCCCACACCC
CCCGAGACGGTGCCCGTGGGGGTCGGAGTCCACGTGACTGGACGACGGACGGGGGTC@GAAGGGCCTGGGGGACATGTCGCAGGGGTGGATAAAGTTTAGAATAAATTGTGGGGTGTGGG
(-

Right hom arm
B Gslink-ZSgreen HDR donor:
Start (0)
Start (0) 600 End (795)
200 400
200! 400! 600" End (795)
_m ZsGreent > |
Left hom arm ZsGreen Right hom arm
Gslink
—

Left hom arm GGAGGAGGTTCCGGTGGAGGTGGTTCTGGAATGGCCCAGTCCAAGCACGGCCTGACCAAGGAGATGACCATG
AAGTACCGCATGGAGGGCTGCGTGGACGGCCACAAGTTCGTGATCACCGGCGAGGGCATCGGCTACCCCTTCAA
GGGCAAGCAGGCCATCAACCTGTGCGTGGTGGAGGGCGGCCCCTTGCCCTTCGCCGAGGACATCTTGTCCGCC
GCCTTCATGTACGGCAACCGCGTGTTCACCGAGTACCCCCAGGACATCGTCGACTACTTCAAGAACTCCTGCCCC
GCCGGCTACACCTGGGACCGCTCCTTCCTGTTCGAGGACGGCGCCGTGTGCATCTGCAACGCCGACATCACCGT
GAGCGTGGAGGAGAACTGCATGTACCACGAGTCCAAGTTCTACGGCGTGAACTTCCCCGCCGACGGCCCCGTGA
TGAAGAAGATGACCGACAACTGGGAGCCCTCCTGCGAGAAGATCATCCCCGTGCCCAAGCAGGGCATCTTGAAG
GGCGACGTGAGCATGTACCTGCTGCTGAAGGACGGTGGCCGCTTGCGCTGCCAGTTCGACACCGTGTACAAGGC
CAAGTCCGTGCCCCGCAAGATGCCCGACTGGCACTTCATCCAGCACAAGCTGACCCGCGAGGACCGCAGCGAC
GCCAAGAACCAGAAGTGGCACCTGACCGAGCACGCCATCGCCTCCGGCTCCGCCTTGCCCTAA right hom arm

Prg—

primer R

Figure | TALEN and CRISPR targets in NF-kB genes and HDR donor. (A) The selected left and right homologous (hom) arms and TALEN and CRISPR targets in the NF-xB
family genes. Up strand: sense strand (from left to right: 5’ to 3'); down strand: anti-sense strand (from left to right: 3’ to 5'); bases labeled with a solid arrow: left hom arm/
primer F and right hom arm; bases in blue; TALEN target sites: bases labeled with dotted arrow: sgRNA target sites; bases in red: stop codon; bases in square: PAM. (B) The
HDR donor containing Gslink and ZsGreen coding sequences and ending with homology arms targeting to five NF-kB family genes. The length of left and right hom arms is

35 nt.
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Five pairs of TALEN expression plasmids were con-
structed to express the TALEN proteins that can produce
double-strand breaks (DSBs) at the end of coding
sequences of five NF-kB family genes (Figure 1A). Five
CRISPR expression plasmids were constructed to express
Cas9 protein and single-guide RNA (sgRNA) that can
produce DSBs at the same sites as TALENs (Figure 1A).

>

TALEN

CRISPR

A linear HDR donor that contains a Gslink and ZsGreen
coding sequences and ends with 35-nt homologous (hom)
arms was used as a template for repairing the DSBs
(Figure 1B).

Five NF-xB family genes (RELA, RELB, CREL, NF-
«B1, NF-xB2) were systematically edited in three different
cell lines (293T, HepG2 and PANCI1) by co-transfecting cells
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Figure 2 Editing NF-kB genes in three cell lines with TALEN and CRISPR. Linear dsDNA fragments containing a Gslink-ZsGreen-coding sequence and ending with homology
arms homologous to NF-kB family genes were used as HDR donors. (A) Representative fluorescent images of 293T cells after the TALEN and CRISPR editing and HDR. The
representative fluorescent images of HepG2 and PANCI cells after the TALEN and CRISPR editing and HDR are shown in Figure SIA and S2A. The scale bar is 100 um. (B)
Flow cytometry assay of 293T cells after the TALEN and CRISPR editing and HDR. The flow cytometry assays of HepG2 and PANCI cells after the TALEN and CRISPR

editing and HDR are shown in Figure SIB and S2B. (C) The statistical analysis of flow cytometry assays of three biological replicates. The results are shown as mean values *
standard deviation (SD). The Student t test was performed to assess the statistical significance. ***p<0.001,**p<0.01.

Journal of Inflammation Research 2021:14

submit your manuscript 921

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

with TALEN/CRISPR and HDR donor. The successful edit-
ing and HDR would produce an NF-kB-ZsGreen fused gene
in cells, which allows cells to express an NF-«B-ZsGreen
fused protein under the control of natural promoter of NF-xB
gene. By directly imaging cells with fluorescent microscope
and quantitatively analyzing cells with flow cytometry, the
editing efficiency can be evaluated. The results indicated that
all five genes were successfully edited by both TALEN and
CRISPR in all cells (Figure 2, Figure S1, and Figure S2).

However, both fluorescent imaging (Figure 2A, Figure S1A,
and Figure S2A) and flow cytometry quantitative assay
(Figure 2B, Figure S1B, and Figure S2B) revealed that
TALEN had higher editing efficiency than CRISPR. On
average, TALEN edited 22.2%, 15.5%, and 17% cells in
293T, HepG2, and PANCI cells, respectively, while
CRISPR edited 13.2%, 9.7%, and 10.3% cells in 293T,
HepG2, and PANCI cells, respectively (Figure 2C). The
editing success and efficiency were also confirmed by the

A 293T HepG2 PANC1
Amplification Plot Amplification Plot Amplification Plot
10
4
< 1
0.1 .
2 6 10 14 18 22 26 30 2 6 10 14 18 22 26 30 2 6 10 14 18 22 26 30
Cycle Cycle Cycle
B 293T HepG2 PANCA1
CRISPR TALEN CRISPR TALEN CRISPR TALEN
IS o2 mo ao@ 8 oo nam © oS = o
Ss¥xxrxozzsexozz 33dx0zZzZzIpgrozz SsSsperszsseedS sl

293T HepG2 PANC1
10- Il TALEN CRISPR 10- Il TALEN CRISPR 10- Il TALEN CRISPR
+ 67 61 = 61
% Fkk Hekk Hekk 6 %
44— 2= ™= 2y < 44 4+
2- 2- 2-I I I
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Figure 3 Detection of editing efficiency of TALEN and CRISPR with gPCR. A same amount of gDNA (100 ng) from all cells after the TALEN and CRISPR editing and HDR

was used to detect the fused NF-kB-ZsGreen genes by gPCR. (A) The amplification

plots of fused NF-kB-ZsGreen genes. (B) Visualization of qPCR products with agarose

gel electrophoresis. (C) The statistical analysis of qPCR detection. ACt was calculated by Ctnr.«g-zsGreen-Ctappn. The results are shown as mean values * standard
deviation (SD). The Student t test was performed to assess the statistical significance. ***p<0.001.

submit your manuscript

922

Dove

Journal of Inflammation Research 2021:14


https://www.dovepress.com/get_supplementary_file.php?f=298938.docx
https://www.dovepress.com/get_supplementary_file.php?f=298938.docx
https://www.dovepress.com/get_supplementary_file.php?f=298938.docx
https://www.dovepress.com/get_supplementary_file.php?f=298938.docx
https://www.dovepress.com/get_supplementary_file.php?f=298938.docx
https://www.dovepress.com/get_supplementary_file.php?f=298938.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Zhang et al

subsequent qPCR detection of NF-kB-ZsGreen fused genes
in gDNA (Figure 3).

To further validate the edited NF-kB genes, the
TALEN-edited cells were treated with an NF-kB stimula-
tor, TNFa. Because the activated NF-kB proteins will
translocate into nuclear, the nuclei were isolated from the
TNFa-treated and -untreated cells. The isolated nuclei
were analyzed by both fluorescent imaging and flow cyto-
metry. The results indicated that the TNFo treatment

A RELA RELB

TNFa -

TNFa +

CREL

e T » 5 e — " = s e TR,
® € (3 5 s S ige e 3 ;
[P 2 s - £« o . al et % £ 5 8 By

induced a significant increase of fluorescent nuclei in all
cells (Figure 4, Figure S3, and Figure S4).

Screening of Positive Cells and Treatment
To obtain the pure positive cells, the TALEN-edited cells
were sorted with flow cytometry according to ZsGreen
fluorescence. The results indicated that the pure positive
cells could be efficiently obtained from TALEN-edited cell
lines (Figure S5 and Figure 5). Therefore, the pure positive
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Figure 4 TNFa stimulation to the TALEN-edited cells. The TALEN-edited cells were treated by TNFa, an NF-kB stimulator, and the nuclei were isolated from the treated
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HepG2 and PANCI cells are shown in Figure S3B and S4B.
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cells were obtained for five NF-xkB family genes from
three cell lines (15 cell lines in total) (Figure 5).

To validate the potential application of these purified cell
lines in screening of NF-kB inhibitors, all cell lines were
treated with two kinds of representative NF-«kB inhibitors,
a small molecular chemical, BAY 11-7082, and
a microRNA, miR533. The results indicated that both BAY
11-7082 and miR533 significantly decreased the number of
fluorescent cells in all 15 cell lines (Figure 6, Figure 7, and

Figure S6-S9).

RELA

293T

HepG2

(@)

PANC1

CREL

To further validate the response of stable cells to the
treatment of NF-kB inhibitors, the expression of some
typical NF-kB target genes in the BAY 11-7082-treated
and —untreated stable HepG2 and PANCI cells with
RELA-ZsGreen gene was detected by qPCR. The
detected NF-«B target genes included CCL2, ILIA,
IL1B, NFKBI1, NFKBIA, and PTX3. These genes are
all NF-xB direct target genes (NF-kB Target Genes,
Boston University Biology, https://www.bu.edu/nf-kb
The

/gene-resources/target-genes/). results indicated

NFKB1

S ] = se i Ve AR S LG

Figure 5 Fluorescent imaging of flow cytometry-sorted positive cells. (A) 293T cells. (B) HepG2 cells. (C) PANCl cells. The scale bar is 100 um. The flow cytometry assays

of the sorted cells are shown in Figure S5.
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that the BAY 11-7082 treatment to the stable cells leads
the significant downregulation of these genes

(Figure S10).

to

Discussion
NF-«xB is a key transcription factor involved in inflamma-
tion and cancer. To provide an easy and visualizable tool

A RELA RELB

BAY 11-7082 -

BAY 11-7082 +

CREL

for screening NF-kB inhibitors and other NF-kB-related
studies, this study edited all five genes of NF-xB family in
three different cell lines with both TALEN and CRISPR.
The edited NF-kB genes were repaired by HDR using
a linear homologous donor containing ZsGreen coding
sequence. In this way, the NF-kB proteins were labeled
by fluorescent ZsGreen in cells. By detecting the edited
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Figure 6 BAY |1-7082 treatment to the flow cytometry-sorted positive cells. (A) Representative fluorescent images of BAY |1-7082-treated and -untreated 293T cells.
The representative fluorescent images of the BAY | |-7082-treated and -untreated HepG2 and PANCI cells are shown in Figure S6A and S7A. The scale bar is 100 um. (B)
Flow cytometry assay of BAY |1-7082-treated and —untreated 293T cells. The flow cytometry assay of BAY |1-7082-treated and -untreated HepG2 and PANCI cells are

shown in Figure S6B and S7B.
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S8B and S9B.

cells with fluorescent imaging, flow cytometry, and qPCR,
it was demonstrated that TALEN had higher editing effi-
ciency than CRISPR in editing all genes in all cells. The
positive cells were easily isolated from the TALEN-edited
cells by flow cytometry. The purified positive cells
responded well to two kinds of known NF-«xB activity
regulators in all cell lines. As a result, this study obtained
15 cell lines with five NF-kB-ZsGreen fusing genes,

providing useful cellular platforms for screening potential
NF-kB-target drugs.

In our recent study, we developed an easy and rapid
pipeline for preparing ready-to-use TALEN expression
plasmids.*® Using the pipeline, this study constructed the
TALEN expression plasmids that can express the TALEN
proteins targeting five genes of NF-«B family. By the
quantitative analysis of cell fluorescence with flow
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cytometry and the edited genes with qPCR, this study
demonstrated that all genes were more effectively edited
by TALEN than CRISPR in all cells, indicating that
TALEN is still a valuable genome editing tool with better
performance than CRISPR. The high editing efficiency is
very important for a gene editing tool. Additionally,
TALEN can be used to edit any sequence in genome,
whereas CRISPR is limited by the requirement of proto-
spacer adjacent motif (PAM). Moreover, TALEN has high
targeting performance due to cutting a target by a pair of
TALEN; however, CRISPR is still challenged by its poten-
tial off-target in application. As previously reported, this
study also demonstrated that a linear DNA fragment ended
with short homology arm (35 nt) can be used as an effi-
cient HDR donor in genome editing. This kind of linear
HDR donor can be facilely prepared by PCR amplification
using primers ended with 35-nt homology arms.

This study used miR533 to represent an NF-«B inhibitor
of microRNA. This microRNA is an artificial microRNA,
which was designed and verified by our previous work.*® In
this study, this microRNA was expressed by a plasmid that
contains an NF-«xB-specific promoter and a downstream
microRNA expression sequence. The NF-kB-specific pro-
moter consists of an NF-kB decoy sequence and minimal
promoter. The microRNA expression sequence can tran-
scribe a microRNA targeting RELA coding sequence. This
study showed that the expression of other four NF-kB genes
other than RELA could be also inhibited by this microRNA.
The reason is that the NF-xkB genes RELB,37 CREL,38’39
NF-kB1,*° and NF-kB2*' are the direct target genes of
RELA (NF-xB Target Genes, Boston University Biology,
https://www.bu.edu/nf-kb/gene-resources/target-genes/).

Conclusions

This study edited five NF-xB family genes in three cell
lines with TALEN and CRISPR. The edited genes were
fused to the ZsGreen coding sequences by HDR. The
results indicated that TALEN had higher editing efficiency
than CRISPR in editing all genes in all cells. The screened
positive cells formed 15 cell lines with five NF-
«kB-ZsGreen fusing genes. These cell lines could respond
to variant NF-kB inhibitors and thus become useful plat-
forms for screening potential NF-kB-target drugs.
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