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Abstract
Introduction. Breast cancer has been represented a challenging issue worldwide as it is one of the major leading 
causes of death among women. CD81 gene, a member of the tetraspanin protein family, has been associated with 
the development of human cancers. Genome editing technologies, particularly the CRISPR-Cas9 system, have 
shown rapid progress in gene function studies. In this study, we aimed to evaluate the ability of the CRISPR-Cas9 
plasmid-based system to modify specific regions of the CD81 gene in the MDA-MB-231 breast cancer cell line. 
Materials and methods. Using bioinformatics database search, four different single guide RNAs (sgRNAs) to 
target exon 3 and exon 5 of the CD81 gene were designed. The intended sgRNAs sequences were cloned into 
the expression plasmid pSpCas9(BB)-2A-GFP (PX458) bearing sgRNA scaffold backbone, Cas9, and EGFP 
coding sequences, which was confirmed by colony PCR and sequencing. Transfection efficiency was determined 
by fluorescence microscopy and flow cytometry analysis. Gene editing efficiency was measured qualitatively and 
quantitatively using the T7E1 and TIDE software, respectively. 
Results. Our data show that expression constructs were successfully introduced into MDA-MB-231 cells with an 
acceptable transfection efficiency. Two sgRNAs that were afforded to introduce significant mutations in their 
target regions were detected by TIDE software (p-value < 0.05). To the best of our knowledge, CD81 gene 
editing in these cells has been investigated for the first time in this study using the CRISPR/Cas9 technique.
Conclusions. Taken together, our data show that the CRISPR-Cas9 system can change the genomic sequence in 
the target area of MDA-MB-231 cells. Along with previous studies, we propose forethought when using T7E1-
based quantitative indel estimates, as comparing activities of multiple gRNAs with the T7E1 assay may lead to 
inaccurate conclusions. Instead, estimating non-homologous end-joining events (NHEJ) by Sanger sequencing 
and subsequent TIDE analysis is recommended. (Folia Histochemica et Cytobiologica 2022, Vol. 60, No. 1, 13–23)
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Introduction

Breast cancer (BC) is the most common cancer 
and is considered to be one of the leading causes of 
cancer-related deaths in women worldwide. Despite 
well-developed strategies for targeting primary tu-
mors, they act poorly when it comes to metastatic 
malignancies, which are the leading cause of breast 
cancer-related deaths [1, 2]. The breast tumors are 
categorized as Basal-like (triple-negative), Luminal A 
(ER positive-low grade), Luminal B (ER positive-high 
grade, HER2-positive), which can be encountered 
more specifically and selectively due to recent pro-
gress in molecular biology. Due to the lack of estro-
gen, progesterone, and HER2 receptors, patients 
with triple-negative breast cancer cells are highly 
resistant to conventional therapies [2–4]. Therefore, 
it is essential to develop more effective treatments 
based on precise molecular mechanisms to overcome 
drug resistance. Moreover, several molecular mark-
ers in breast cancer can serve as specific targets; for 
example, CD81 [5].

CD81, a member of the tetraspanin superfamily of 
proteins, was initially identified as a target of anti-pro-
liferative antibodies by inhibiting B-cell proliferation 
in lymphoma [6]. Tetraspanins are small membrane 
proteins that are expressed in all metazoans with  
33 members in mammalians, involved in many cel-
lular signaling pathways such as receptor-mediated, 
adhesion-mediated, and intracellular signaling [7, 8].  
The crucial effect of CD81 has been reported in the 
immune system of CD81-null mice. It was shown 
that CD81 is not essential for the normal develop-
ment of T-cells and B-cells [9, 10]; however, it is vital 
for the proliferation of B-cells as well as the proper 
functioning of the humoral immune system and the 
expression of CD19 in the membrane of B lympho-
cytes [10, 11]. Furthermore, the role of CD81 has been 
shown in epidermal mesenchymal transition (EMT) 
and metastasis through regulating TGF-b receptors 
in melanoma [12]. Additionally, the anti-CD81 an-
tibody showed promising characteristics as a novel 
immunotherapeutic molecule for B cell lymphomas 
[13]. Therefore, CD81 may be a potent marker in 
breast cancer for early therapeutic purposes owing 
to its multiple functions [14]. 

Targeted alteration of the genome with designed 
nucleases is an emerging technology in biomedicine 
and biotechnology. One of the most recent and prom-
ising tools in cancer basic research and therapeutics is 
attributed to the CRISPR-Cas9 system. This system 
with its superiorities such as cheapness, high accuracy, 
specificity, easy design, potency, and versatility, along 
with techniques such as ZFNs, TALENs, and mega-

nucleases, have been explored as promising tools in 
human cancer gene therapy [15–18]. 

Numerous studies in recent years have shown the 
high efficiency of gene disruption and modification 
by CRISPR-Cas9 in various targets [18–22]. This 
crucial potential of the CRISPR-Cas9 system can be 
exploited for cancer gene and cell therapy. To demon-
strate this ability, in the present study, we show for 
the first time that alteration in specific regions of the 
CD81 gene can be achieved using the CRISPR-Cas9 
technique in the MDA-MB-231 breast cancer cells. 
To this end, among 10 exons included in the CD81 
gene, we focused our attention on exons 3 and 5 since 
in silico analysis estimated that the best sgRNAs can 
be designed on these exons. Four sgRNAs (PRI to 
PRIV, Table 1) were designed to target designated 
sites within exons 3 and 5, and as a result two of the 
four sgRNAs were conferred 1.5% to 3% editing 
efficiency. 

Materials and methods 

Design of sgRNAs and primers. According to the NCBI 
database, the CD81 gene contains 10 exons. First, a series 
of sgRNAs were designed within these exon sequences and 
analyzed using the CRISPR tool available at http://crispr.
mit.edu and sgRNA Scorer 2.0 available at https://crispr.
med.harvard.edu. Four sgRNAs were chosen based on 
scores such as minimum off-targets, high efficiency, opti-
mum GC content, low self-complementarity, and also low 
possibility of secondary structures formation (heterodimer, 
self-dimer, and hairpin). Then, the required specific primers 
for amplifying of target regions in the genomic DNA (exon 
3 and exon 5), and other primers necessary for screening 
the sgRNA cloning process and confirming the insertion of 
sgRNA into the PX458 plasmid were designed. All designed 
sequences of sgRNAs and primers are listed as (5´-3´) se-
quences in Table 1.

Cloning of sgRNAs into PX458 plasmid. The designed sgR-
NAs were synthesized as DNA nucleotide sequences and 
cloned into digested PX458 plasmid to construct 4 active 
CRISPR vectors: two of sgRNA for targeting specific regions 
of exon 3 and another two sgRNAs for targeting specific 
regions of exon 5 in the CD81 gene in MDA-MB-231 cells. 
pSpCas9(BB)-2A-GFP (PX458) (plasmid number 48138; 
Addgene, www.addgene.org) was a gift by Dr. Agnès Bernet. 
The cloning of sgRNAs into PX458 plasmids was performed 
following Ran et al. protocol [23]. 

The digestion and cloning steps are discussed in detail 
below. The PX458 plasmid was digested with BbsI for 16 h 
at 37°C, followed by heat inactivation for 20 min at 65°C. 
The digested plasmid was gel-purified using the EZ-10 
Spin Column DNA Gel Extraction Kit, according to the 
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manufacturer’s recommendations (BioBasic Inc, # BS353, 
Markham, ON, CA). The sense and antisense oligonucleo-
tides (oligos) of each sgRNA were diluted at 100 µM in dis-
tilled water. To phosphorylate and anneal the oligos, 1.5 µl  
of each oligo was mixed with T4 ligation buffer and T4 
polynucleotide kinase (T4 PNK) (New England Biolabs, 
Ipswich, MA, USA) to a final volume of 50 µl and incubated 
for 30 min at 37°C (phosphorylation), followed by 5 min 
at 95°C and then ramping down the temperature to room 
temperature (RT) at –1°C/min (annealing). The annealed 
and phosphorylated oligos were diluted at 1:10 in distilled 
water. Ligation reactions for each sgRNA were performed 
by mixing 100 ng/µl of the digested and purified PX458 
plasmid with 2 µl of the diluted phosphorylated and annealed 
oligos, T4 ligation buffer, and T4 ligase in a final volume of 
20 µl. Ligation was carried out at 22°C for 1 hr. The bacterial 
transformation was performed by mixing 5 µl of the ligation 
reaction with 50 µl of ice-cold chemically competent E. coli 
stbl3 bacteria. The mixture was incubated on ice for 30 min, 
followed by a heat shock at 42°C for 30 s and a subsequent 
incubation on ice for 2 min. The transformation reaction 
was plated on LB plates containing 50 µg/ml ampicillin, 
and plates were incubated overnight at 37°C. Colonies were 
checked for correct insertion of the sgRNA by colony PCR 
followed by sequencing.

Colony PCR screening and plasmid sequencing. Two bacte-
rial colonies per plate were mixed in PCR tubes with distilled 
H2O, PCR Master Mix (Bio Basic), and specific primers  
(Table 1). PCR was performed at an annealing temperature of 
64.9°C for 35 cycles. Positive colonies (with sgRNA insertion) 
displayed 200 bp PCR amplicon, whereas negative colonies 
showed no amplicon. Two colonies were picked from each 
LB plate and inoculated into a 5 ml culture of LB medium 
supplemented with 50 µg/ml ampicillin. The cultures were 
grown overnight at 37°C. Plasmid DNA from the bacterial 
culture was extracted using the EZ-10 spin column plasmid 
DNA miniprep kit (BioBasic Inc.). Correct insertion of the 
sgRNA into the PX458 plasmid was verified by sequencing.

Genomic DNA sequencing. Genomic DNA was extracted 
from the MDA-MB-231 cell using Takapouzist DNA ex-
traction kit, and the concentration of extracted DNA was 
measured with Thermo Fisher Scientific (Waltham, MA, 
USA) NanoDrop spectrophotometers. PCR primers for 
two exons (Table 2) were synthesized to amplify a 400-bp 
region. The PCR products were loaded on a 1% agarose gel, 

and the bands were purified using an EZ-10 Spin Column 
DNA Gel Extraction Kit. The concentration of 30 ng/µl  
purified PCR products was sent for Sanger sequencing of 
the 400-bp fragment. Raw sequences were prepared by 
SnapGene® software (https://www.snapgene.com/) and 
subsequently analyzed using TIDE online software (https://
tide.nki.nl/#about). 

Cell culture. The MDA-MB-231 breast cancer cell line 
was purchased from the Pasteur Institute of Iran (Tehran, 
Iran). The MDA-MB-231 cell line is the triple-negative 
breast cancer cell, as it lacks estrogen receptor (ER) and 
progesterone receptor (PR) expression, as well as HER2 
(human epidermal growth factor receptor 2) expression. 
In this work, The MDA-MB-231 cell line was cultured in 
high glucose (4500 mg/l of glucose) DMEM supplemented 
with 10% fetal bovine serum (FBS) and 1% streptomycin 
(Sigma-Aldrich).

Transfection. MDA-MB-231 cells were cultured in 10% FBS 
enriched DMEM. In the present study, the liposomal meth-
od using DNAfectamine (BioBasic Inc.) was used to deliver 
recombinant plasmids containing sgRNA. DNAfectamine 
(DNAF) is a substance consisting of 4 identical formulations 
of polycations and liposomes that ensure high transfection 
efficiency and low cytotoxicity in eukaryotic cell lines. 
Different concentrations of plasmid (0.2 µg/µl, 0.4 µg/µl,  
1 µg/µl, 2 µg/µl) and amounts of DNAF (2 µl, 3 µl, 4 µl, 5 µl) 
were separately dissolved in 25 µl serum- and antibiotics-free 
high glucose DMEM, followed by 5 min incubation at RT. 
After that, indicated concentrations of plasmids and DNAFs 
were combined and prepared plasmid-DNAF complexes. 
Then, they were added into 24-well culture plates, cultured 
with MDA-MB-231 cells at 70–90% of cell confluency. 
Finally, the delivery of plasmid was visually evaluated by 
fluorescence microscopy and transfection efficiency was 
quantitatively analyzed via flow cytometry. Briefly, 72 h after 
transfection, transfected cells were collected by trypsini-
zation, washed in ice-cold PBS, and subsequently were 
re-suspended in the 1× PBS to a concentration of 1 × 106 
cells and then applied to flow cytometer BD FACS Calibur 
(BD Biosciences, San Jose, CA, USA). 

Cell viability assay. The MTT assay (Sigma-Aldrich) was 
used to investigate the cell viability after transfection. MDA-
MB-231 cells, 15,000 per well, were seeded in a 96-well 
plate). After 24 h of incubation at 37°C, the transfection 

Table 2. Sequences of designed primers for amplification of target regions in DNA genomic

Exon position Forward primer (5’.3’) Tm Reverse primer (5’.3’) Tm Product size

3 GGTAACTGAGGCACAGAAAACTCAC 62 ACCTCCCCCAGAATTCTAGGCT 62 404

5 TCCTCTGGGGTCTAGCCTCGA 63.5 CCACTAGGTTCCCACCCGAGG 64 403
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process was performed with different concentrations of plas-
mid PX458 (100 ng/µl and 500 ng/µl) and different amounts 
of DNAfectamine (2 µl and 1 µl). After 24 h of incubation 
at 37°C, 20 µl of MTT solution (5 mg/ml) was added to 
each well, followed by incubation for 3–4 h. Next, cells were 
exposed to 100 µL dimethyl sulfoxide (DMSO) for about 
10 min, and the resulting solution was analyzed at 570 nm  
using a multi-mode scanning spectrophotometer reader 
(Thermo Fisher Scientific™ Varioskan™ LUX multimode).

CD81 gene editing validation. The efficiency of gene editing 
was evaluated at different levels. T7 endonuclease 1 (T7E1) 
mismatch detection assay was used to evaluate the editing 
efficiency of different sgRNAs [24]. Moreover, Sanger se-
quencing was performed following transfection of recombi-
nant plasmids and plasmid PX458 (as control) through PCR 
reactions of exons 3 and 5. For more detailed investigation, 
TIDE online software (https://tide.nki.nl/#about) was used 
to examine the editing efficiency of different sgRNAs.

T7E1 mismatch cleavage assay. T7E1 is an enzyme that 
recognizes and cleaves mismatches in heteroduplex DNA 
sequences. This mismatch cleavage assay is a simple, 
cost-effective, and easy-to-interpret technique for de-
tecting mutations or alterations in the targeted region of 
genomic DNA to validate CRISPR-based genome editing. 
To validate genome editing based on the CRISPR system, 
following transfection, genomic DNA was extracted from 
MDA-MB-231 cells and then the targeted regions in exon 
3 and exon 5 were amplified by PCR. Finally, the amplified 
products were treated with the T7E1 enzyme to make cleav-
age in the altered region in the target area.

Statistical analysis. Graphpad Prism 9.0 (Graphpad Soft-
ware, San Diego, CA) and Microsoft Excel (version 16.37; 
Microsoft Corp., Redmond, WA, USA) were used for all 
statistical analyses. At least three independent experiments 
were performed. All values were presented as mean ± 
standard deviation (SD). Also, for multiple comparisons, 
a one-way analysis of variance (ANOVA) was used among 
three or more groups.

Results

CD81 gene amplification
As described in Materials and Methods, exon 3 and 
exon 5 of the CD81 gene were amplified using specific 
primers to sequence the target regions for designed 
sgRNAs. To ensure the correct sequence of exon  
3 and exon 5 of the CD81 gene and to investigate the 
absence of any mutations, deletions, or additions in 
the target sequences retrieved from https://www.ncbi.
nlm.nih.gov/, PCR products were sequenced and the 
results are shown in Fig. 1.

Use of ligation to clone sgRNAs into PX458 plasmid
We used 4 sgRNAs targeting the exon 3 and exon 5 
regions of the CD81 gene. Each sgRNA was cloned 
into the PX458 plasmid. Following the recombinant 
PX458-sgRNA plasmid transfer into Stbl3 bacterial 
cells, the single proliferating colony cells from the 
ampicillin agar plate were subcultured. Using PCR, 
clones were examined for sgRNA sequences existence 
and electrophoresed on the agarose gel. Finally, the 
ligation of designed sgRNAs in the PX458 plasmid 
was verified by sequencing (Fig. 2). 

Verification of MDA-MB-231 cells’ transfection 
The prepared plasmids (PRI, PRII, PRIII, and PRIV) 
were delivered by DNAfectamine into MDA-MB-231 
cells. Cellular uptake and transfection efficiency was 
evaluated using fluorescence microscopy. As shown in 
Fig. 3, the emission of fluorescent green color due to 
GFP reporter gene expression indicates the successful 
entry of PX458 plasmids into MDA-MB-231 cells. 

Cell viability assay 
Since the survival of target cells has particular impor-
tance in genome engineering, the carrier-CRISPR 
system complex must have the least toxic effect on 
target cells. MDA-MB-231 cells were transfected 
with different concentrations of plasmid and DNA-
fectamine and analyzed for cell viability. As shown in 
Fig. 4 (panel A), the results showed that the selected 
concentration indicated with asterisks (*), has ap-
proximately similar toxicity with other ones, but with 
improved transfection efficacy (panel B).

Transfection efficiency
The transfection efficiency of plasmid-DNAfectamine 
complexes was quantitatively analyzed by flow cytom-
etry. Flow cytometry analyses showed that among the 
selected concentration (panel A in Fig. 4) the consid-
ered final concentration (i.e., Fig. 4B–1) is associated 
with the highest efficiency, which is about 27%. 

Gene editing efficiency
After performing cellular DNA transfection, the 
genomic DNA of the transfected cells was extract-
ed, and the selection regions were amplified and 
purified, followed by the T7E1 assay using the PCR 
technique. Finally, to investigate the presence of any 
editing in the desired genomic regions, sequencing 
was performed and analyzed using TIDE software. 
The results showed that delivering PRII and PRIII 
plasmids into MDA-MB-231 cells caused changes in 
the target regions of the CD81 gene (Fig. 5). Accord-
ing to the TIDE results for PRII, in 3.5% of the total 
cell population, one base, which is probably of the 
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Figure 1. Sequencing of target regions in wild-type genomic DNA of MAD-MB-231 cells (non-transfected cells). A. Exon 3 
region sequencing with the forward primer. B. Exon 3 region sequencing with reverse primer (location of target regions are 
shown as PRIII, PRIV). C. Exon 5 region sequencing with the forward primer. D. Exon 5 region sequencing with reverse 
primer (location of target regions are shown as PRI, PRII).

adenine type, was added to the sequence, and nine 
bases were added in the target area in 2.6% of the 
total cell population. However, For PRIII, one base 
was removed in 1.5% of all cells.

Discussion

The capability of genome editing tools in the acqui-
sition of precise genetic alterations in various organ-
isms is one of the goals that researchers in molecular 
biology and genetics have been pursuing for years 
[25]. The advent of the CRISPR method provided  
a revolution in achieving such changes both in terms 
of costs and time effectiveness. The CRISPR-Cas9 
system, among others, may be used to explore the 
mechanisms behind the occurrence, development, 
and metastasis of malignant tumors [26, 27]. 

To investigate CD81 gene role and function in 
some malignancies, it had been knocked out by the 
CRISPR-Cas9 system in several cell lines. Quagliano 
et al. harnessed pSpCas9 (BB)-2A-GFP (PX458) to 
clone guide sequence (GGCGCTGTCATGATGT-
TCGT) targeting exon 3 of CD81 [28]. They success-
fully knocked out CD81 in precursor leukemia cell 
lines Nalm6 and Sup-B15. The efficacy characteristic 
of this guide sequence in CHOPCHOP online soft-
ware [29] was reported to be 51.71%. In another study, 
Mizoshiri et al. attempted to knock out the CD81 gene 
in osteosarcoma cell line 143B [30]. They used pLen-
tiCRISPR v2 and ligated twenty bases of the target 
sequence (TGAGGTGGCCGCCGGCATCT) into it. 
The efficacy of this sgRNA in CHOPCHOP software 
was determined to be about 32.56%. However, in 
our study, the PRII targeting sequence that showed 
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Figure 2. Verifying ligation of designed sgRNAs into PX458 plasmid. Sequencing of regions containing A. sgRNA1; B. sgR-
NA2; C. sgRNA3; D. sgRNA4 in the PX458 plasmid. The sequencing was performed as described in Materials and Methods.

Figure 3. Photomicrographs of EGFP-expressing MDA-MB-231 cells. A. Non-transfected cells (negative control). B and C. 
Transfected cells. Magnifications: A and B — 20×; C — 40×.

10% of total edition efficacy by TIDE software, had 
an efficacy of 69% in CHOPCHOP (Table 1). This 
is where we should notice that in practice several 

different factors such as transfection efficiency of 
transfection reagent affect the editing efficiency of 
a sgRNA, particularly in hard-to-transfect cells. It 

A B C
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Figure 4. Cell viability assay and analysis of transfection efficiencies of MDA-MB-231 cells transfected with different con-
centrations of plasmid-DNAfectamine complexes. A. Effects transfection solutions on cell viability were determined by MTT 
assay, control — cells transfected with non-modified PX458 plasmid (*p < 0.05). B. The results of flow cytometric analysis. 
Y-axis and X-axis represent side scatter (height of the pulse signal detected) and fluorescence intensity respectively. The 
transfusion solution contained x µl of DNAfectamine and y µg of PX458 plasmid, respectively. 1: x = 8 µl, y = 2 µg; 2: x = 4 µl,  
y = 400 µg; 3: x = 4 µl, y = 2 µg; 4: x = 4 µl, y = 400 ng; 5: the transfusion solution contained only 2 µg of PX458 plasmid; 
6: no treatment was performed on the cells.
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Figure 5. Analysis of targeted gene editing efficiency using TIDE software. I and II represent p < 0.001 and p < 0.05, re-
spectively. 

has been shown that applying purified Cas9 ribonu-
cleoproteins (RNPs) approach for genome editing 
in human embryonic stem cells in comparison with 
plasmid-based methods, could improve the editing 
efficiency up to two-fold [31]. Besides, the efficiency 
of the CRISPR-Cas9 technique in eukaryotic cells is 
highly dependent on several factors, including cell 
transfection efficiency. Therefore, an efficient delivery 
method for the CRISPR-Cas9 system is necessary, 
exhibiting high delivery efficiency and minimal tox-
icity [32]. The commercial transfection agent, DNA-
fectamine, a type of lipid nanoparticle, was used in 
this study to set up the CRISPR-Cas9 system-based 
gene editing and to deliver the plasmid format of the 
CRISPR-Cas9 system components. Lipid nanoparti-
cles are among the most widely used nanomaterials 
for nucleic acid delivery and have been evaluated in 
clinical trials for RNAi-based therapeutic applications 
and nucleic-acid-based vaccines encapsulation [33, 34]. 
Negatively charged nucleic acids have been shown to 
form complexes with positively charged lipid particles 
through electrostatic bonds that protect the nucleic ac-
ids against intracellular nucleases [35, 36]. Lipid-based 
transfection agent, DNAfectamine, showed up to 27% 
transfection efficiency for delivery of PX458 plasmid 
into the MDA-MB-231 cells in this study. 

Brinkman et al. reported the development and per-
formance of TIDE online software in 2014 [37]. They 
showed its ability for estimating low editing efficiencies 
in pooled cells. More specifically, this study confirmed 
1.8% and 0.9% edition efficacies in human retinal 
pigment epithelium and drosophila KC167 cell lines, 
respectively.  In this study, T7E1 assay and TIDE soft-
ware were used to analyze the sgRNAs editing efficiency 
for exon 3 and exon 5 of the CD81 gene. In our study,  
performing the T7E1 assay for any of the designed 
sgRNAs did not reveal genomic edition. However, after 
sequencing and using TIDE software, PRII and PRIII 
plasmids represented the total editing efficiency rate as 
10.7% and 5.2%, respectively. Sentmanat et al. reported 
that determinations of nuclease activity estimated by 
T7E1 usually do not accurately reflect the activity of 
CRISPR/Cas9 genome editing in pools of cells [38]. 
More accurately they showed that NHEJ1 events below 
10% in CRISPR-Cas9 targets could not be reported by 
T7E1 assay. Finally, they showed that targeted NGS, 
TIDE, and IDAA assays determine approximately the 
same editing efficiencies for pools of cells.

In summary, although the TIDE analysis revealed 
a small amount of editing in the target areas of the 

1The authors declare that there is no conflict of interest.
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CD81 gene in the current study, it can be related to 
the low efficiency of the cell transfection method 
employed. Only 27% of transfected cells successfully 
received the PX458 plasmid, which is a plausible 
reason for the low efficiency of CD81 gene editing in 
MDA-MB-231 cells, which varies from 1.5% to 3%. 
As a result, it seems to be possible that improving 
cellular uptake with efficient delivery techniques 
would result in a higher incidence of genome editing 
for the relevant sgRNAs. 
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