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Abstract 
Background: Medullary Thyroid Cancer (MTC) is a very aggressive type of thyroid carcinoma. Mutation in 
RET proto-oncogene is demonstrated in MTC development. We aimed to knock-out of RET-oncogene using 
CRISPR/Cas9 genome editing method in MTC cell-lines. 
Methods: This research was conducted in Shahid Beheshti University of Medical Sciences, Tehran, Iran during 
2019-2020. Four different sgRNAs were designed to target exons one, two, and four of RET-oncogene in TT 
and MZ-CRC-1 cell-lines using bioinformatics tools, then the CRISPR/Cas9 constructs was made. About 72-
hours after cell transfection, T7EI method and DNA sequencing were used to confirm the knock-out of RET-
oncogene. Expression of RET, Calcitonin genes and RET protein were evaluated by Real-time PCR and ELISA, 
respectively.  
Results: The results of T7E1, and DNA sequencing of transfected cells confirmed RET gene knock-out by 
CRISPR/Cas9. There was a significant decrease in RET gene expression and RET protein in transfected TT 
and MZ cells compared to controls. The rate of cell apoptosis in transfected cells was significantly increased. 
Calcitonin gene expression was also significantly reduced in transfected cells. p-RET, p-PI3K, p-AKT, p-MEK, 
p-ERK protein levels were significantly reduced in TT and MZ transfected cells.  
Conclusion: For the first time, knock-out of RET gene was performed and confirmed using CRISPR/Cas9. 
Inhibition of this gene leads to inhibition of the tyrosine kinase RET signal transduction pathway. Therefore, it 
can be one of the most effective and specific therapeutic goals in the field of Personalized Medicine in the 
treatment of diseases caused by over activity of RET molecular pathway.  
 
Keywords: CRISPR/Cas9; Gene editing; Medullary thyroid cancer; RET gene; TT cell-line; MZ-CRC-1 cell-
line; Iran 
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Introduction 
 
Cancer is one of the most important causes of 
death worldwide and has a great social and eco-
nomic impact on communities. According to the 
Global Cancer Observatory (GCO) 2020, the 
number of new cancer cases was 19,292,789 
(9,227,487 females, 10,065,305 males) in the 
world. Also, the worldwide cancer mortality rate 
in 2020 was 9,958,133 cases (4,429,323females, 

5,525,810males). " The most common types of 
cancer in men were lung, prostate, colorectal, 
stomach and liver, respectively” (1). The most 
common types of cancer in women were breast, 
colorectal, lung, cervix, and thyroid, respectively in 
2020 (2). According to the GCO 2020 (3), the total 
number of new cases of various types of cancer in 
Iran was 131,191 (60,487females, 70,704males). In 
addition, 79,136 cancer deaths have been reported 
in Iran during 2020 (32,700 females, 46,436 
males). The most common types of cancer in men 
were lung, prostate, colorectal, stomach, and liver. 
Moreover, breast, colorectal, stomach, lung, and 
thyroid were the most cancer in women (3). 
Thyroid cancer is the most common malignancy 
of the endocrine system (4). It is divided into two 
types based on the origin of cells (follicular and C-
cells/parafollicular cells). Follicular cell-derived 
thyroid cancers include papillary thyroid cancer 
(PTC), follicular thyroid cancer (FTC), heart cell 
carcinoma, and anaplastic thyroid cancer (5), 
which are the most common thyroid malignancies 
(1). Parafollicular cell-derived thyroid cancer leads 
to medullary thyroid cancer (MTC) accounting for 
about five to ten percent of all types of thyroid 
cancer (6). MTC is a very invasive type of thyroid 
cancer. The gain of function mutation in RET 
proto-oncogene in the development of this disease 
is well known (7). RET proto-oncogene is a cad-
herin-like superfamily and encodes a membrane 
tyrosine kinase whose role is growth and differen-
tiation signal transduction into the cells and plays 
a key role in neural crest, kidney, urinary tract and 
intestinal nerve development (8). 

RET mutations have been observed in Multiple 
endocrine neoplasia, type 2A (MEN2A) (98%), 
Multiple endocrine neoplasia type 2B (MEN2B) 
(95%), Familial MTC (FMTC) (88%) cases (9). In 
sporadic MTC, up to 40%-60% of patients have 
somatic mutations in RET (9, 10). Moreover, 
100% of Iranian hereditary and 80% of sporadic 
MTCs had RET mutations (11-15). 
New targeted molecular therapies are now used 
for cancer therapy, such as tyrosine kinase inhibi-
tors. However, these drugs still have their side ef-
fects and toxicities. They are not specific com-
pletely, and lead to the development of drug re-
sistance mechanisms. In addition, they are costly 
and have a temporary effect. Vandetanib, which 
inhibits RET, VEGFR3, and EGFR receptors (16, 
17), is effective only in MTC patients with the 
M918T mutation, however other types of MTC 
that have other RET mutations (V804L and 
V804M), are resistant to vandetanib. On the other 
hand, due to the side effects of kinase inhibitors, 
these drugs are used only in advanced disease cases 
(18, 19).  
Gene therapy over the past few decades has fo-
cused on restoring defective gene function. How-
ever, even after successful gene transfer, disease-
causing mutations persisted that could cause a 
dominant negative effect. Therefore, the best so-
lution was to modify the mutation, or knockout 
the disease-causing gene (1). “Recently, clustered 
regulatory interspaced short palindromic re-
peats/CRISPR-associated protein-9 
(CRISPR/Cas9) system has emerged as a powerful 
technology for cancer treatment due to its high ac-
curacy and efficiency. The new CRISPR/Cas9 
gene editing method, which also won the Nobel 
Prize in Chemistry in 2020 (20) has become a pow-
erful strategy for modifying organisms' genomes 
and a powerful tool in tumor treatment” (21). It 
has made “gene knockout” processes more effi-
cient, cost-effective and easier than before (21).  
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In the present study, we aimed to target and to 
make knockout RET gene by CRISPR/Cas9 tech-
nique in HEK-293 cell-line and MTC cell-lines 
TT, MZ-CRC-1.  
 

Materials and Methods 
 
This research was conducted in Shahid Beheshti 
University of Medical Sciences, Tehran, Iran dur-
ing 2019-2020. 
 
Thyroid Carcinoma Cell-lines and Cell Cul-
ture 
The human medullary thyroid carcinoma cell-lines 

MZ-CRC1 and TT were used for cell-based assays. 
These two cell-lines were given as gift by Professor 
Robert Hofstra (the Head of Genetic Department, 
Erasmus University). TT-cell (MEN2A) line con-
tains a pathogenic RET C634W mutation, MZ-
CRC-1 (MEN2B) contains RET M918T patho-
genic mutation. HEK-293 (human embryonic kid-
ney cell-line) was purchased from National Cell 
Bank of Iran (Pasteur Institute of Iran, Tehran, 
Iran). 
TT and MZ-CRC cells were cultured in complete 
medium DMEM/F-12 (Dulbecco's Modified Ea-
gle Medium/Nutrient Mixture F-12, Gibco) sup-
plemented with 20%fetal bovine serum 
(FBS;Gibco). HEK-293 cell-line was cultured in 
RPMI medium with 10% FBS, 1% penicil-
lin/streptomycin at 37 °C and 5% CO2 in fully 
humidified incubator.  
 
Plasmid construction 
The plasmids used in this study, pSpCas9(22)-2A-
GFP (PX458), expression vector Cas9 from S. py-
ogenes with 2A-EGFP, and cloning backbone for 
sgRNA was a gift from Tokameh Mahmoudi, De-
partment of Biochemistry, Erasmus MC 
(AddgenePlasmid #48138).  
 
Designing and cloning of sgRNAs 
Single-guide RNAs for RET knockout were de-
signed using the online CRISPR design tools web-
based software such as CRISPERA, CHOP-
CHOP, ECRISP, CRISPOR, CASOFFINDER.  

Four SpCas9- sgRNA [5’-20nt-NGG PAM] for 
RET target region (exons one, two, and four) were 
designed and chosen based on specificity and effi-
ciency score. The SpCas9-sgRNAs were begun 
with an extra G at the 5′end, the preferred start 
nucleotide for the U6 promoter. The synthetic 
complementary oligonucleotides encoding the 
gene-specific sgRNAs were annealed to produce 
short oligonucleotide duplexes fragments with 
4bp overhangs. Double-strand Oligonucleotides 
encoding the sgRNAs were annealed and cloned 
into the BbsI-digested pSpCas9 (22)-2A-GFP 
(PX458). All sgRNAs preceded by the canonical 

trinucleotide 5ˊ-NGG, the protospacer adjacent 
motif (1). To minimize the off-target mutations, 
the DNA target site should entirely match the 
PAM motif and the 12bp seed sequence closest to 
the PAM. After retrieving the sequence data of 
RET (NG_007489.1RefSeqGene) and designing 
four sgRNAs, the related constructs to express 
sgRNAs of the CRISPR/Cas9 nuclease are re-
lated, were generated. In this study, sequences that 
contained the PAM motif inside exon 1, 2, 4 of 
RET were identified. Then, to determine whether 
or not candidate sequences were unique in the ge-
nome, they were analyzed by BLAST 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and Bi-

oinformatics tools such as Cas-Offinder were used 
to find likely off-target sequences.  
The ligation products were transformed into 
TOP10 bacterial cells using CaCl2 method. Col-
ony PCR identified positive clones and confirmed 
by Sanger sequencing using U6 and Tracer pri-
mers.  
 
Cell Transfection 
CRISPR/Cas9 RET-KO-Plasmids, and Control 
CRISPR/Cas9 Plasmid (Scramble) were trans-
fected into HEK-293, TT, and MZ-CRC-1 cell-
lines. Briefly, HEK-293, TT, and MZ-CRC-1 cells 
were seeded into a 6-well plate. After that, the cells 
reached 70%-90% confluency. The culture media 
were removed. The cells were washed with PBS, 
and transfection was carried out using Lipofec-
tamine® 3000 transfection reagent (Invitrogen, 
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USA) to manufacturers' protocol. Non-trans-
fected cells and transfected cells with an equal 
amount of the pSpCas9 (22)-2A-GFP (PX458) 
without sgRNA were considered as negative con-
trols. Seventy-two hours after transfection, suc-
cessful transfection of the CRISPR plasmids was 
visually verified under florescent microscope. Be-
cause the vector used in this study was GFP+, the 
vector cells were seen as green fluorescent. 
Transformation optimization was performed until 
its efficiency reached over 50%. Transfection effi-
ciency was also assessed using a flow cytometer 
(BD FACS Calibur, BD biosciences, San-Jose, 
CA, USA). Besides, BD FACS Aria II Cell Sorter 
was used to sort GFP+ cells. After cell sorting, 
other experiments, including T7 Endonuclease 
Assay, preparation of a single clone with serial di-
lution of cells, and re-culture of the sorted cells 
were performed on the GFP+ cells. 
Preparation of single clone after sorting GFP+ 
cells was performed in two ways: by BD FACS 
Aria II, which sorted GFP+ cells as single cells in 
all 96-well plate wells. The second was serial dilu-
tion, which was done manually. 
 
Surveyor Mutation Detection Assay, T7 Endo-
nuclease I assay 
CRISPR-Cas9 editing efficiency with the different 
sgRNAs was assessed by T7EI (New England Bi-
oLabs) on HEK-293, TT, and MZ-CRC-1 cells. 
Non-transfected cells (WT) and non-targeting 
sgRNA (control sgRNA) were used as negative 
controls. 
Seventy-two hours after transfection, genomic 
DNA (gDNA) was extracted using salting/out 
Proteinase-K- method, then gDNA was amplified 
by target PCR primer pairs flanking the sgRNA 
targeted region. The PCR products were then elec-
trophoresed on 2% agarose gel and PCR products 
were extracted from the gel. To perform the T7EI 
test, the Heteroduplex DNA formation reaction 
must first be performed between the edited and 
normal DNA. For this purpose, 400 ng of PCR 
product extracted from the gel was poured into 
each tube. Then 2μl of enzyme buffer was added 
and made-up of 19µl with sterile distilled water. 
Then, according to the Nature Protocols for T7E1 

(23) DNA Heteroduplex formation was per-
formed. After heteroduplex construction, 10units 
of T7EI enzyme (Bio Labs, Cat:M0302L) were 
added to each tube and incubated at 37 °C for 15 
minutes. If a heteroduplex structure is formed be-
tween normal and mutant DNA, T7E1 cuts the 
double-stranded DNA. The samples were run on 
4%-20% gradient polyacrylamide gel and was vis-
ualized by the silver nitrate staining method. After 
confirming enzymatic cleavage, a single clone was 
prepared using TA cloning (Bio Basic, Cat:BS435-
20) from T7EI+ PCR products to sequence the 
edited regions. 
 
RNA Extraction and RT-qPCR Assay for 
Evaluation of RET expression 
Seventy-two hours after transfection, total RNA 
was extracted from the studied cell-lines using the 
RNX-Plus kit according to its instruction (Cat. 
No. RN7713C, Sina Clone-Company, Iran). 
Thermo Scientific kit (Pub. No. MAN0012757, 
USA) was used for cDNA synthesis. 
Quantitative Real-Time PCR (RT-qPCR) assay 
was carried out (Ampliqon, Denmark) using Ro-
tor-Gene 6000 instrument (Corbett Research, 
Sydney, Australia).  
The sequences of the primer sets were used, in-

cluding RET-F:5´TGAAGATGCTGAAAGA-

GAACG3´; RET-R:5´CCATACAATTT-

GATGACATGTGG3´; CALCITON-

INF:5´ACAAGTTTCACACGTTCCCC3´;CAL-

CITONINR:5´CATTCTGGGG-

CATGCTAACA3´,GAPDHF:5ˊAG-

GCAGGGATGATGTTCTGG3ˊ;GAPDHR:5ˊ

TCGTGGAAGGACTCATGACC3ˊ.The cycle 
conditions used for all genes consist of an initial 
step of 95 °C for 15 min, followed by 40 cycles of 
95 °C (5sec); 54°C (30sec), 72 °C (30sec). Relative 
quantification (24) of gene expression was calcu-
lated using the comparative Ct method and the 
equation 2−ΔΔCt after normalization of the mRNA 
levels of the target gene with GAPDH as an en-
dogenous housekeeping gene. 
 
Enzyme Linked Immunosorbent Assay 
(ELISA) 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 51, No.5, May 2022, pp.1084-1096  

 

1088  Available at:    http://ijph.tums.ac.ir  

Expression of RET at the protein level was also 
measured by ELISA kit (Zell Bio, Germany) as in-
structed by the manufacturers. Moreover, to eval-
uate the number of phosphorylated proteins RET, 
PI3K, AKT, MEK, and ERK in cell-lines treated 
with sgRNAs, ELISA was used. Proteins were ex-
tracted from the studied cells, using the M-
PERTM Mammalian Protein extraction reagent 
kit (Thermo Scientific, cat.78501) according to the 
manufacturer's instructions with adding anti-pro-
tease cocktail (ProBlock-50, Cat#GB-326-1, Zell 
Bio, Germany). The protein concentrations were 
calculated according to the standard curves cre-
ated using standard samples provided by the kit. 
 
Apoptosis and Necrosis Assay 
To examine the effect of RET knockout using 
CRISPR/Cas9 on apoptosis induction, apoptosis 
was analyzed using PE Annexin V Apoptosis De-
tection Kit with 7-AAD in GFP+ cells (treated 
with sgRNA) and FITC Annexin V Apoptosis De-
tection Kit with PI was also used to evaluate cell 
apoptosis in untreated cells (without GFP) ac-
cording to the manufacturer's instructions. Briefly, 
72 hours after transfection, cells were harvested 
and resuspended in 500μl 1× Binding buffer. 
Next, 100 µL of the cell suspension (105 cells) was 

transferred to a 5‐mL culture tube and incubated 
with 5µL of FITC Annexin V or PE-V Annexin 
and 5µL of propidium iodide (PI) for 15 min at 4 
°C in the dark. The samples were subjected to flu-

orescence‐activated cell sorting (FACS) using a 
BD FACS Calibur (BD-biocsencies, SanJose, CA, 
USA). FACS data were analyzed using Flow Jo 
software.  
 

Statistical analysis 
The normality of the quantitative data was evalu-
ated using Shapiro wilk test. To compare the 
mean, for two groups of normal data, Student's t-
test and for more than two groups, one-way 
ANOVA test were used. Comparison before and 
after treatment paired t-test was used. Paired t-test 
was used to compare before and after cell treat-
ment. Data analysis was performed using SPSS 
(ver. 25 (IBM Corp., Armonk, NY, USA), Graph 

pad Prism (ver. 8), and Med Calc (ver. 1-8) soft-
ware. In all tests, statistical significance was de-
fined as P≤0.05.  
 

Results 
 
Optimizing Cas9/SgRNAs Delivery of MTC 
Cell-lines 
We aimed to optimize conditions for the co-trans-
fection of Cas9/sgRNA expression plasmids 
MTC Cell-lines via lipofectamine reagent. For this 
purpose, we used reporter plasmid with GFP as a 
reporter gene in Cas9 and scramble vectors. As 
shown in Fig.1, fluorescence micrographs of 
GFP-transfected cells indicated that lipofectamine 
3000 is an appropriate reagent for delivering Cas9 
or scramble in MTC Cell-lines.  
 

 
Fig.1: Optimization of GFP+ transfected cells in 

HEK-293 (1-A), TT (1-B), MZ-CRC1 (1-C) cell lines 
(fluorescent microscopy). 

 
 
Verification of Cleavage activity of sgRNAs 
Targeting RET Gene in Cultured Cells 
To characterize the functional effect of Cas9 nu-
clease and cleavage activity of sgRNAs targeting 
RET, we used the T7E1 assay and direct Sanger 
sequencing of PCR amplicons. Genomic DNA 
was extracted from transfected cells and screened 
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for the presence of site-specific gene modification 
by PCR and T7E1 assay. As shown in Fig.2, both 
of the duplex DNA strands were catalyzed in the 
PAM sequence (for Exon one). Moreover, our 
data show that PCR amplicon of 580bp in RET 

(for Exon four) was cut into two smaller frag-
ments (400bp, 180bp). We found that all sgRNAs 
successfully triggered site-specific cleavage in RET 
(T7E1 Data of Exons one, and two were not 
shown). Sanger sequencing data of indel after 
NHEJ in RET exon one, was shown in Figs.2,3.

 

 
Fig.2: A. Exon one sequence of RET in the sgRNA region 

B. Knocked out sequence of RET in exon one with 10 nucleotides deletion after NHEJ. 
C. Top: Exon one sgRNA sequence (blue) and PAM region (yellow), the red arrow shows Cas9 cut point in this 

sample. Bottom: Exon one sgRNA sequence (blue) with 10 nucleotides deletion (red dashed line) and PAM region 
(yellow). 

D. Top: The Exon one sgRNA, is in the region that encodes the first 7 amino acids of RET protein signal peptide. 
Bottom: In this sample, after the removal of 10 nucleotides and the subsequent removal of 3 amino acids, RET pro-

tein reading frame is completely disrupted and also leads to premature stop codon 
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Fig.3: T7 positive test of transfected TT and MZ-CRC1 cells (sgRNAs exon4), electrophoresed on a 4-20% gradient 
polyacrylamide gel. The PCR product size is 580bp. After cleavage by the T7EI, 400 and 180bp fragments were pro-

duced. Normal control was not cleaved by the enzyme. 

 
Evaluation of RET Gene Expression at 
mRNA Level 
To confirm that RET was knockout in the studied 
cell-lines can influence on RET expression at 
mRNA level, we examined the expression by RT-
qPCR. RET is highly expressed in MTC cell-lines, 
and knocking out of RET by CRISPR/Cas9 leads 
to a significant reduction of this gene in the cells. 
However, the scramble negative control cells did 
not show any significant difference in the expres-
sion of RET in both cell-lines (Fig.4). 
 

Evaluation of Calcitonin Gene Expression at 
mRNA Level 
As calcitonin is a diagnostic marker in medullary 
thyroid cancer and its gene expression is signifi-
cant in MTC cells, real-time PCR was used to in-
vestigate the knockout effect of RET on calcitonin 
gene expression in these cells. Interestingly, calci-
tonin gene expression in sgRNA-treated cells was 
very significantly lower than in the control group. 
However, calcitonin gene expression was not signif-
icantly different in the control groups (Fig.4). 

 
Fig. 4: RET (top) and Calcitonin (bottom) gene expression in TT and MZ-CRC1 cells line treated with different sgR-

NAs, control and scramble groups. *P<0.05 
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Evaluation of proteins RET, p-RET, p-PI3K, 
p-AKT, p-MEK, p-ERK in cell-lines by ELISA 
To evaluate RET protein production level, the ac-
tivity of RET protein kinase as well as two down-
stream signal transduction pathways of this mole-
cule, phosphorylated RET, PI3K/AKT as well as 
ERK/MEK proteins were measured by ELISA 

method in cells treated with different sgRNAs, 
scramble, and negative control groups. In the 
group of MTC cell-lines treated with different 
sgRNAs compared to the scramble, and negative 
control groups, a significant reduction of RET, p-
RET, p-PI3K, p-AKT, p-MEK, p-ERK molecules 
was observed (P<0.05) (Fig.5, 6). 
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Fig.5: Phosphorylated proteins RET, PI3K, AKT, MEK, ERK in TT-cell-line treated with different sgRNAs com-

pared to the control group 
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Fig. 6: Phosphorylated proteins RET, PI3K, AKT, MEK, ERK in MZ-CRC1 cell-line treated with different sgR-

NAs compared to the control group 

 
The Effect of CRISPR/Cas9-Mediated RET 
Knockout on Cellular Apoptosis  
Since the inhibition of RET protein kinase can 
lead to apoptosis induction in the cell, knockout 
of RET may also lead to induction of apoptosis in 
the studied cells. Therefore, cell apoptosis was 
evaluated in treated cells with sgRNAs, scramble, 

and negative control cells, by flow cytometry. As 
demonstrated in Fig.7, CRISPR/Cas9-mediated 
RET knockout shows a remarkable induction of 
apoptosis in all cell-lines. However, scramble plas-
mid, did not induce apoptosis in the MTC cell-
lines. 
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Fig.7: A) Fluorescence images of AnnexinV/PI cell apoptosis detection. B) Flow cytometry assay to detect apopto-

sis in sgRNAs treated, control, and scrambled cells 

 

Discussion 
 
In this study, RET gene knockout was performed 
by CRISPR/Cas9 gene editing method for the first 
time in two medullary thyroid cancer cell-lines, TT 
and MZ-CRC-1 cell-lines, and was confirmed at 
the DNA, RNA and protein levels. 
 
RET Gene Knockout and Calcitonin Gene 
Expression 
According to the few available studies, there are 
unknown molecular pathways between RET ex-
pression and calcitonin gene expression. Studies 
have also shown that inhibiting the tyrosine kinase 
RET protein molecule can reduce calcitonin secre-
tion (22). In the present study, after treating TT 
and MZ-CRC-1 cell-lines of medullary thyroid 
cancer with sgRNAs leading to knockout of RET, 
the expression of calcitonin gene at RNA level de-
creased very significantly. Identifying the relation-
ship between intracellular pathways and the effect 
of RET expression on calcitonin gene expression re-
quires more extensive molecular studies. 

 
RET Gene Knockout and Apoptosis Induc-
tion 
The expression of RET onco-protein in MZ-
CRC-1 cell-line can prevent cell apoptosis. In-
creasing the expression of RET in these cells leads 
to increased expression of Fap-1 protein, which 
also inhibits the CD95 death receptor and pro-
casapase8 molecules, which prevent cell apoptosis 
(25). In another study, RET tyrosine kinase inhib-
itors in TT-cells led to increased apoptosis in these 
cells (26). In another study, knockdown of RET 
using siRNA resulted in increased expression and 
phosphorylation of the ATF4 molecule, which is 
very important in promoting the process of apop-
tosis in the cell through the proapoptotic mole-
cules NOXA and PUMA (26). Noxa and PUMA 
are proteins of the Bcl-2 family that belong to a 
subset of BH3-only proteins. Noxa induces apop-
tosis through p53-dependent and/or p53-inde-
pendent mechanisms. These proteins can bind and 
inhibit the anti-apoptotic molecules Bcl-2, Bcl-XL, 
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Bcl-W (27, 28). Activation of RET signal transduc-
tion pathway by GDNF/GFRalpha activates the 
PI3K/AKT pathway, resulting in increased BCL2, 
and decreased BAX and Caspase3 gene expres-
sion. The ERK pathway is also phosphorylated 
and activated, increasing BCL2 expression, de-
creasing BAX and Caspase3 expression. As a re-
sult of the above processes, cellular apoptosis is 
inhibited (29). Therefore, in general, inhibition of 

RET signal transduction pathway at the protein 
and RNA levels can lead to the induction of apop-
tosis (Fig.8).  
In the present study, after treatment of TT and 
MZ-CRC-1 cells with different sgRNAs of RET, 
the cellular apoptosis was significantly increased, 
which may be related to the knockout of RET and 
its effect on the downstream molecular pathway in 
these cells. 

 

 
Fig. 8: According to the literatures, reduced RET tyrosine kinase activity by TKIs (in protein level and downstream 
pathways) or by siRNA (mRNA level) lead to induction of apoptosis via activation of apoptotic molecules and inhi-

bition of antiapoptotic molecules. It seems that RET KO, induces apoptosis pathways (Original) 

 

Conclusion 
 
Knocking out RET in MTC cells was confirmed 
by CRISPR/Cas9 method. As a result of knocking 
out RET, a decrease in the expression of this gene 
at the mRNA level and a decline in the activity of 
RET protein were confirmed. The knockout of 
RET, followed by a decrease in its mRNA and 
protein, can reduce the activity of RET protein ki-
nase signaling pathway, and induce cellular apop-
tosis, which was also observed in this study.  
Given that modern medicine today is moving to-
wards "Personalized Medicine" and "Precision 
Medicine", the use of new therapies should be 
considered to achieve this critical goal. The new 
CRISPR/Cas9 gene editing method, is a method 
that could revolutionize genome editing technol-
ogy.  

Today, there is great hope to treat a wide range of 
diseases, especially genetic diseases, using the 
CRISPR/Cas gene editing system. Scientists hope 
to use this technology to provide valuable services 
to humanity. 
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