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Abstract: Background: We assess the effects exerted by CRISPR/Cas9 mediated microRNA 21 (miR-21) depletion
on the biologic characteristics of CNE2 nasopharyngeal carcinoma (NPC) cells and the underlying mechanisms.
Methods: The sgRNA was designed targeted at miR-21 gene, along with the construction of the CRISPR/Cas9 len-
tivirus system and the detection of editing efficiency through T7TEN1 enzyme digestion. Effects of miR-21 depletion
on the biologic characteristics of CNE2 cells were detected through CCK-8, Transwell Invasion Assay and flow cytom-
etry. Mechanistic studies were based on bioinformatic analysis and immunoblotting. Results: A CRISPR/Cas9 sys-
tem with targeted knockdown of miR-21 gene was obtained. miR-21 depletion evidently inhibited the growth, clone
formation, and invasion as well as migration abilities of CNE2 cells, thus inducing apoptosis. A total of 28 KEGG
were identified through the bioinformatic analysis. Further immunoblotting showed that the expressions of proteins
involved in the PI3BK/AKT/mTOR signaling pathway were decreased in response to miR-21 depletion. Conclusions:
miR-21 depletion can suppress the cell growth as well as proliferation and induce apoptosis in CNE2 cells possibly

by inhibiting the PI3BK/AKT/mTOR signaling pathway.
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Introduction

Nasopharyngeal carcinoma (NPC) represents
one of the most common head and neck malig-
nancies in Southeast Asian region, whose
pathogenic factors include environment, food,
genetic factor, exposure to carcinogen, the pre-
vious infection of EB virus, as well as the com-
bined action and various effects between onco-
genes and tumor suppressor genes, or among
signal transduction pathways [1-3]. In recent
years, although the three-year local control
ratio of NPC patients has jumped to 80-90%
with the application of intensity modulated radi-
ation therapy concurrent chemotherapy [4, 5],
22-34% of patients still face treatment failure
due to the rapid growth rate and easy metasta-
sis of NPC [6]. Therefore, investigating reliable
molecular marker(s) for monitoring the genera-

tion as well as development process of NPC,
exploring its correlation with the proliferation,
invasion, and metastasis of NPC, and expound-
ing the pathogenesis of NPC can contribute to
the early diagnosis and prognosis of NPC.

MicroRNA constitutes an RNA micromolecule
consisting of 18~25 nucleotides, which inhibits
MRNA degradation or translation by combining
with the 3’-non-coding area of target mRNA
through complementary base pairing [7]. As
one of the relatively early discovered miRNAs,
miR-21 is located in the TMEM49 gene coding
region of chromosome 17 with a length of 22
nucleotides [8]. It has currently been proven
that abnormal expression of miR-21 can be
found in several tumors, including NPC [9-11].
miR-21 has participated in processes such as
proliferation, invasion, blood vessel invasion,
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and migration of cancer cells as well as radio-
therapy resistance in NPC, making it one of the
potential tumor treatment therapeutic targets
[12, 13].

Over the past few years, with the development
and maturity of the technology of CRISPR/Cas9
(clustered regularly interspaced short palin-
dromic repeats/Cas9), this system has been
viewed as an “immediate” technology for DNA
mutation and editing [14, 15]. Specifically, con-
sisting of three parts, namely, Cas nuclein Cas9
(DS-DNA endonuclease), crRNA, a kind of tar-
get complement, and crRNA, an auxiliary trans-
acting factor, the CRISPR/Cas system has
made a full use of the feature of short gRNA to
target bacterial Cas9 endonuclease and iden-
tify genetic locus [14]. Because the gRNA can
provide specificity, thus it only needs to change
the design of gRNA sequence coding when
changing the target [14]. In this paper, we tar-
get and knock down the miR-21 gene in CNE2
gene through CRISPR/Cas9, and evaluate the
gene targeting editing effect of CRISPR/Cas
system on NPC cell lines through detecting the
proliferation, clone formation, and apoptosis of
CNEZ2 cells.

Materials and methods
Cell culture

The human CNE2 cell line was preserved in this
experiment and incubated in RPMI-1640 cul-
ture medium containing 10% FBS with an incu-
bator at 37°C and 5% CO, The researcher
changed the culture medium every 2 to 3 days
and the cells generated every 5 to 7 days.

Design, synthesis, screening and verification
of 8RNA oligonucleotide sequence

sgRNA was designed via an online tool (http://
crispr.mit.edu/) and the Blast was employed to
rule out sgRNA possibly leading to off-target
effects. The preverified sgRNA sequences we-
re: sgRNA-miR-21, Guide# 5-TCATGGCAACAC-
CAGTCGAT-3. The oligonucleotide sequence
was synthesized by Shanghai Genechem Co.,
LTD., and each pair of oligonucleotides was
transformed into DS-DNA fragments through
annealing and then linked onto the Cas9-Easy-
lentivirus vector. The CNE2 cells were collected
after 72 h of infection, along with the applica-
tion of mammalian genomic DNA extraction kit
to extract genome DNA and T7EN1 (NEB, USA;
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MO0302S) to detect the editing efficiency of
gRNAs. The whole genomic DNA was extracted
by utilizing the DNA Extraction kit (Beyotime,
Shaihai, China) reported previously [16]. The
primer sequences for miR-21 in genome were
forward, 5-AGAATAGAATTGG-3’; reverse 5-GC-
CACCAGACAGAA-3'. The amplifications were
performed in a Mastercycler gradient thermo-
cycler (Applied Biosystems, USA) and the reac-
tion conditions were documented in our pub-
lished studies [16].

CCK-8 test

Cells in the logarithmic phase were inoculated
into 100 ul 96-well culture plate with a concen-
tration of 5x10°%. A sgRNA-miR-21 and a sgRNA-
control group with 5 double wells in each group
were included in the experiment. After being
cultured in RPMI-1640 for 12, 24, 36, 48, 72 h,
each well was added to 10 yl CCK-8 and cul-
tured for another 3 h, along with the detection
of the OD value of absorbance at 450 nm and
630 nm dual-wave length. The experiment was
repeated three times.

Clone forming assay

Monolayer cells in the logarithmic phase were
selected and digested by 0.25% trypsin and
transformed into single cells. The cell suspen-
sion was inoculated into the six-well plate with
a concentration of 800 cells/well where the
saturation humidity condition was 37°C with
5% CO,. The culture solution was changed
every 2 to 3 days. After 12 to 14 d, cells were
rinsed by PBS twice and then fixed by 2 mL of
methyl alcohol. The 0.1% crystal violet staining
solution was applied to stain the cells under
indoor temperature and the number of clone
formation cells was counted.

Wound healing migration assay

To each well was added around 5x10° cells and
this was incubated overnight, with the fusion
rate over 90%. On day 2, a pipettor of 200 ul
was utilized to make a scratch on each well
with a straight ruler. Cells were rinsed for 3
times by PBS to remove unnecessary cells, and
then photographed on 0, 24", 36" d, separate-
ly to count the number of migrated cells.

Transwell invasion assay

A polycarbonate membrane with a bore diame-
ter of 8 ym was employed to seal the bottom of
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the Transwell chamber, and 50 pl Matrigel was
added from one side and kept at 37°C for 2 h.
A detailed protocol was documented in our pub-
lished study [17].

Apoptosis analyses

DNA ladder and caspase-3 activity analyses
were respectively performed utilizing the com-
mercial DNA Ladder Extraction Kit and Caspase
3 Activity Assay Kit (Beyotime, Shanghai, China)
according to the protocols. The 4’, 6-diamidino-
2-phenylindole (DAPI) dye for staining was also
from Beyotime (Shanghai, China). For more spe-
cific information about operations, see our pre-
viously published study [16].

Immunoblotting

Total cell protein was extracted through the
RIPA lysate and quantified by the BCA Protein
Quantitation Kit. Phosphorylated proteins were
extracted using a commercial Kit (BC3730,
Solarbio, Beijing, China). The weighted proteins
underwent electrophoretic separation at con-
stant 80V, and then transferred onto the PVDF
membrane at constant 250 mA, along with the
application of the TBST with 5% skim milk pow-
der to seal cells overnight. Rabbit anti-human
polyclonal primary antibody PI3K (Abcam, ab-
154598, 1:500), PI3K (phospho Y607) (Abcam,
ab182651, 1:500), rabbit anti human monoclo-
nal primary antibody AKT (Abcam, EPR16798,
1:500), AKT (phospho T308) (Abcam, ab38449,
1:300), rabbit polyclonal to mTOR (Abcam,
ab2732, 1:500) and mouse anti-human B-actin
monoclonal primary antibody (Beyotime, Shang-
hai, China; 1:1000) were added and incubated
for 4 h. Goat anti rat/rabbit IgG (1:10000) sec-
ondary antibody solution marked by horse rad-
ish peroxidase was added and cultured under
room temperature for 2 h, and the ECL lumi-
nous fluid was added for developing and
photography.

Mechanistic studies

miR-21 related signaling pathways in NPC were
predicted by conducting bioinformatic analysis.
Briefly, the RNA-seq data at level 3 was down-
loaded from TCGA database, whose gene name
was converted from ensemble ID into the matrix
of gene symbol by the database of Ensemble.
The correlation test of the gene was conducted
through R language to find out genes with the
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co-expression relations with miR-21, where the
screening condition was set as (cor<-0.2 &
P<0.001). Based on the biologic pathway data-
base (http://www.genome.jp/) of Kyoto En-
cyclopedia of Genes and Genomes (KEGG), the
biologic pathway enrichment analysis was per-
formed on the target gene set, along with the
selection of the intersection on the most relat-
ed biologic signaling pathways. Immunoblotting
was employed for verification.

Statistical analysis

Measurement data were expressed as mean +
SD (standard deviation) and analyzed using
SPSS 16.0 (SPSS Inc., Chicago, IL, USA) soft-
ware. Student’s t-test, or non-parametric test
was adopted to compare differences between
groups. The test level was set at a=0.05, and
P<0.05 was accepted as statistical signi-
ficance.

Results

Analysis of the miR-21 gene knockdown ef-
ficiency

After the cleavage of target gene locus through
the CRISPR/Cas9 system, insertion or deletion
mutations would be generated in the locus
based on the recovery mechanism of the cells.
Genes at the target site were amplified and
denatured and annealed to form not fully
matched DNA double-strands. The sgRNA-
miR-21 targeting site is shown in Figure 1A. The
T7EN1 assay was employed to recognize and
cleave these mismatched DNAs. As shown in
Figure 1B, the multiple site-specific bands were
detected in gRNA-miR-21group, demonstrating
the existence of miR-21 editing. PCR assay
demonstrated that mature miR-21 was mark-
edly reduced in sgRNA-miR-21 group (Figure 1C
and 1D).

miR-21 depletion weakening the growth, inva-
sion and migration capacity of CNE2 cells

CCK-8 assay showed that the cell numbers
were reduced markedly after 27 h of infection,
and cell numbers were lower in SgRNA-miR-21
group in comparison with the control group,
indicating an inhibition of cell growth ability
(Figure 2A). Clone formation testing revealed
that the cloned CNE2 cells in sgRNA-miR-21
group were evidently less than that in the con-
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Figure 1. CRISPR/cas9 can significantly downregulate the expression of miR-21 in CNE2 cells. A. Schematic dia-
gram of the design of sgRNAs for miR-21. B. DNA cleavage by CRISPR/cas9 is detected by T7TEN1 assay. C. Design
of the primers of miR-21 in the genome. D. Expression of mature miR-21 following CRISPR/cas9 editing by PCR.
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Figure 2. miR-21 depletion suppresses the growth, proliferation, invasion, and migration of CNE2 cells. A. Cell vi-
ability assay using CCK-8. B. Colony formation assay. C. Wound healing migration assay. Migrated cells were counted
48 h after transfection. D. Transwell invasion assay. *P<0.05, **P<0.01.

trol group (Figure 2B). The wound healing in the mock control group, thus implying the
migration assay showed that migrated cells in decrease of cell migration ability following miR-
the sgRNA-miR-21 group werelower than those 21 knockdown (Figure 2C). Moreover, Transwell
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Assay demonstrated that both migrated and
invaded cells in the sgRNA-miR-21 group were
different from those in the controls (Figure 2D).

Targeted knockdown of miR-21 inducing CNE2
cell apoptosis

The visual DAPI staining showed increased
apoptotic cells in sgRNA-miR-21 group corre-
sponding to miR-21 knockdown (Figure 3A).
Correspondingly, results of a DNA ladder also Discussion
exhibited a relatively obvious DNA degraded
fragment in the sgRNA-miR-21 group after 72 h
following infection (Figure 3B). Moreover, cas-
pase-3 activity analysis further confirmed the
induced apoptosis in cells of the sgRNA-miR-21
group (Figure 3C). Immunoblotting assay indi-
cated that the expressions of Bcl-2 and Bcl-L

(Figure 3D). These results imply that targeted
knockdown of miR-21 is capable of inducing
apoptosis in CNE2 cells.

miR-21 depletion targeting the PI3K/AKT/
mTOR signaling pathway

Based on online searching and KEGG databas-
es, a biological pathway enrichment analysis
was conducted on target gene set (Figure 4A),
and 28 KEGG was found (Figure 4B). Further-
more, the intersection among such signaling
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Figure 3. miR-21 depletion induced apop-
Bel-2 tosis in CNE2 cells. A. DAPI staining. B.

DNA ladder assay. Images were captured

72 h following infection. C. Caspase-3 ac-
Activated caspase-3  tivity analysis. D. Immunoblotting showed
the activation of the intrinsic apoptotic
proteins Bcl-2 and procaspase-3 in CNE2
cell lines in response to miR-21 deple-
tion, with *P<0.05, or **P<0.01.

pathways was analyzed, along with the identifi-
cation of the PISBK/AKT/mTOR signaling path-
way that may be implicated in miR-21 related
signaling pathways. Further immublotting dem-
onstrated that the expressions of PI3K, AKT,
mTOR as well as pPI3K and pAKT in cells of the
sgRNA-miR-21 group were also altered. Sta-
tistically, miR-21 depletion could inhibit the
PI3K/AKT/mTOR signaling pathway.

Representing a a regulatory gene, miR-21 is a
single stranded microRNA consisting of 22
nucleotides, which plays an essential role in
the growth, migration, invasion as well as the
diagnosis, treatment and other physiopatho-
logic processes of various cancers [9]. Over-
expression of miR-21 has been witnessed in
many cancers, including NPC [10, 11]. The
CRISPR/Cas9 system is a recently developed
target gene editing technology, which is charac-
terized by simple design, multiple gene editing
and high targeting efficiency compared with tra-
ditional gene editing tools [14, 15]. Moreover,

CRISPR/Cas9 system can also be applied in

immunotherapy [18-20].

genetic engineering of immune cells and tumor

In the first section, a CRISPR/Cas9 lentiviral
vector system targeting miR-21 hasbeen estab-
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Figure 4. Signal Pathway Prediction of miR-21 in NPC and Verification. A. Predicted co-expression genes of miR-21. B. Predicted signal pathways. C. Expression of
PI3K, AKT, and mTOR detected by immunoblotting. D. Expression of phosphorylated PI3K and AKT detected by immunoblotting. *P<0.05, or **P<0.01.
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lished, and the knockdown level of mature
miR-21 level in CNE2 cells approached about
50% through the T7EN1 digestion detection,
indicating the CRISPR/Cas9 plasmid system
can conduct cleavage at the target site. Our
work further confirmed that miR-21 depletion
could suppress the growth, proliferation, clone
formation, invasion, and migration of CNE2
cells. It is generally acknowledged that miR-21
has been reported as an oncogene implicated
in the tumorigenesis of various cancers [21,
22], which prompted us to hypothesize that
miR-21 depletion in CNE2 cells may induce
apoptosis. As guessed, further apoptosis analy-
sis demonstrated that miR-21 knockdown
could induce the apoptosis of CNE2 cells. It
was also indirectly proven in another finding
that miR-21 malfunction could inhibit the
growth and proliferation of colorectal carcino-
ma cells [23]. More specifically, when CNE2
cells modified by CRISPR/Cas9 underwent sin-
gle-cell monoclonal culture, the cell mass that
proliferated from single CNE2 cells were sent
for Sanger sequencing, with results showing
that all miR-21 sequences of the cell masses
was of wild type, not the mutant one. Never-
theless, the T7TEN1 enzyme digestion and PCR
experiments have proved that the knockdown
level of CNE2 cells was close to 50%. This phe-
nomenon indicated that it was hard for single
CNE2 cell with mutant miR-21 to clone and pro-
liferate to a cell mass, suggesting that miR-21
is a crucial gene for stability of the CNE2 cells.

Bioinformatic analysis was further conducted
and signal pathway prediction was performed
on miR-21 in NPC, finding a total of 28 KEGG.
We identified the PI3K/AKT/mTOR signaling
pathway in our analysis, a well-known signaling
pathway implicated in cell proliferation and sur-
vival. Our work further evidenced the regulation
of the PI3BK/AKT/mTOR signaling pathway. This
implied that miR-21 depletion could hinder the
cell proliferation and induce apoptosis through
targeting the PIBK/AKT/mTOR signaling path-
way. Yu et al. reported that miR-21 silencing
confers sensitivity to Tamoxifen and Fulvestrant
mainly by inhibiting the PI3K/AKT/mTOR signal-
ing pathway in breast cancer cells [24]. Besides,
our study also proved the involvement of miR-
21 in the regulation of the PIBK/AKT/mTOR sig-
naling pathway in NPC.

In the present study, there were some limita-
tions. First of all, the knockdown efficiency of
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miR-21 based on the CRISPR/Cas9 system
didn’t reach 100%, making it difficult to obtain
the monoclonal CNE2 cell line with a malfunc-
tion of miR-21, thus leading to a certain degree
of hybrid effect in the results. Furthermore, it
was uncertain whether CRISPR/Cas9 system
had any off-target effects and limitations in
verifying editing efficiency through T7TEN1 en-
zyme digestion experiment. Finally, this paper
predicted the existence of numerous different
signal pathways of miR-21 in NPC, but we only
studied one of them. Thus, it remains unclear
whether the knockdown of miR-21 would acti-
vate other signaling pathways, which still needs
further exploration.

Acknowledgements

This study was supported by Provincial Natural
Science Fund of Fujian (Grant no. 2016J01511)
and Science and Technology Program of Fujian
Province, China (Grant no. 2018Y2003).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Zhenzhou Xiao and
Zhaolei Cui, Fujian Provincial Key Laboratory of Tu-
mor Biotherapy, Department of Clinical Laboratory,
Fujian Cancer Hospital & Fujian Medical University
Cancer Hospital, No. 420 Fuma Road, Jin’an District,
Fuzhou 350014, Fujian Province, China. Tel: +86-
591-62752638; Fax: +86-591-62752638; E-mail:
xiaozhenzhou250272@fjmu.edu.cn (ZZX); cuileidi
zi@fjmu.edu.cn (ZLC)

References

[1] Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y
and Ma J. Nasopharyngeal carcinoma. Lancet
2019; 394: 64-80.

[2] Lee HM, Okuda KS, Gonzalez FE and Patel V.
Current perspectives on nasopharyngeal carci-
noma. Adv Exp Med Biol 2019; 1164: 11-34.

[3] Paul P, Deka H, Malakar AK, Halder B and
Chakraborty S. Nasopharyngeal carcinoma:
understanding its molecular biology at a fine
scale. Eur J Cancer Prev 2018; 27: 33-41.

[4] Lam WKJ and Chan JYK. Recent advances in
the management of nasopharyngeal carcino-
ma. F1000Res 2018; 7.

[5] Lee AW, Ma BB, Ng WT and Chan AT.
Management of nasopharyngeal carcinoma:
current practice and future perspective. J Clin
Oncol 2015; 33: 3356-3364.

Int J Clin Exp Pathol 2020;13(4):738-745


mailto:xiaozhenzhou250272@fjmu.edu.cn
mailto:cuileidizi@fjmu.edu.cn
mailto:cuileidizi@fjmu.edu.cn

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

(14]

[15]

(16]

745

miR-21 depletion inhibits growth in CNE2 cells

Cao C, Jiang F, Jin Q, Jin T, Huang S, Hu Q, Chen
Y, Piao Y, Hua Y, Feng X and Chen X.
Locoregional extension and patterns of failure
for nasopharyngeal carcinoma with intracrani-
al extension. Oral Oncol 2018; 79: 27-32.
Mohr AM and Mott JL. Overview of microRNA
biology. Semin Liver Dis 2015; 35: 3-11.
Kumarswamy R, Volkmann | and Thum T.
Regulation and function of miRNA-21 in health
and disease. RNA Biol 2011; 8: 706-713.

lorio MV and Croce CM. MicroRNA dysregula-
tion in cancer: diagnostics, monitoring and
therapeutics. A comprehensive review. EMBO
Mol Med 2012; 4: 143-159.

Zhu H, Zhu X, Cheng G, Zhou M and Lou W.
Downregulation of microRNA-21 enhances ra-
diosensitivity in nasopharyngeal carcinoma.
Exp Ther Med 2015; 9: 2185-2189.

Ou H, Li Y and Kang M. Activation of miR-21 by
STAT3 induces proliferation and suppresses
apoptosis in nasopharyngeal carcinoma by tar-
geting PTEN gene. PLoS One 2014; 9:
€109929.

Jiang S, Wang R, Yan H, Jin L, Dou X and Chen
D. MicroRNA-21 modulates radiation resis-
tance through upregulation of hypoxia-induc-
ible factor-1alpha-promoted glycolysis in non-
small cell lung cancer cells. Mol Med Rep
2016; 13: 4101-4107.

Mirzaei H, Masoudifar A, Sahebkar A, Zare N,
Sadri Nahand J, Rashidi B, Mehrabian E,
Mohammadi M, Mirzaei HR and Jaafari MR.
MicroRNA: a novel target of curcumin in cancer
therapy. J Cell Physiol 2018; 233: 3004-3015.
Redman M, King A, Watson C and King D.
What is CRISPR/Cas9? Arch Dis Child Educ
Pract Ed 2016; 101: 213-215.

Hryhorowicz M, Lipinski D, Zeyland J and
Slomski R. CRISPR/Cas9 immune system as a
tool for genome engineering. Arch Immunol
Ther Exp (Warsz) 2017; 65: 233-240.

Cui Z, Lin D, Cheng F, Luo L, Kong L, Xu J, Hu J
and Lan F. The role of the WWOX gene in leuke-
mia and its mechanisms of action. Oncol Rep
2013; 29: 2154-2162.

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

Chen Y, Luo X, Xiao Z, Guo J and Cui Z.
Exogenous WWOX enhances apoptosis and
weakens metastasis in CNE2 nasopharyngeal
carcinoma cells through the intrinsic apoptotic
pathway. Int J Clin Exp Pathol 2017; 10: 10343-
10351.

Mollanoori H, Shahraki H, Rahmati Y and
Teimourian S. CRISPR/Cas9 and CAR-T cell,
collaboration of two revolutionary technologies
in cancer immunotherapy, an instruction for
successful cancer treatment. Hum Immunol
2018; 79: 876-882.

Xia AL, He QF, Wang JC, Zhu J, Sha YQ, Sun B
and Lu XJ. Applications and advances of
CRISPR-Cas9 in cancer immunotherapy. J Med
Genet 2019; 56: 4-9.

Yi L and Li J. CRISPR-Cas9 therapeutics in can-
cer: promising strategies and present challeng-
es. Biochim Biophys Acta 2016; 1866: 197-
207.

Liu J, Zhu H, Yang X, Ge Y, Zhang C, Qin Q, Lu J,
Zhan L, Cheng H and Sun X. MicroRNA-21 is a
novel promising target in cancer radiation ther-
apy. Tumour Biol 2014; 35: 3975-3979.

Yin C, Zhou X, Dang Y, Yan J and Zhang G.
Potential role of circulating MiR-21 in the diag-
nosis and prognosis of digestive system can-
cer: a systematic review and meta-analysis.
Medicine (Baltimore) 2015; 94: €2123.

Ding T, Cui P, Zhou Y, Chen C, Zhao J, Wang H,
Guo M, He Z and Xu L. Antisense oligonucle-
otides against miR-21 inhibit the growth and
metastasis of colorectal carcinoma via the
DUSP8 pathway. Mol Ther Nucleic Acids 2018;
13: 244-255.

Yu X, Li R, ShiW, Jiang T, Wang Y, Li C and Qu X.
Silencing of microRNA-21 confers the sensitiv-
ity to tamoxifen and fulvestrant by enhancing
autophagic cell death through inhibition of the
PI3BK-AKT-mTOR pathway in breast cancer
cells. Biomed Pharmacother 2016; 77: 37-44.

Int J Clin Exp Pathol 2020;13(4):738-745



