Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 10 Number 18 June 26, 2022

MINIREVIEWS

5934  Development of clustered regularly interspaced short palindromic repeats/CRISPR-associated technology
for potential clinical applications

Huang YY, Zhang XY, Zhu P, Ji L

5946  Strategies and challenges in treatment of varicose veins and venous insufficiency

Gao RD, Qian SY, Wang HH, Liu YS, Ren SY

5957  Diabetes mellitus susceptibility with varied diseased phenotypes and its comparison with phenome
interactome networks

Rout M, Kour B, Vuree S, Lulu SS, Medicherla KM, Suravajhala P

ORIGINAL ARTICLE

Clinical and Translational Research

5965  Identification of potential key molecules and signaling pathways for psoriasis based on weighted gene co-
expression network analysis

Shu X, Chen XX, Kang XD, Ran M, Wang YL, Zhao ZK, Li CX

5984  Construction and validation of a novel prediction system for detection of overall survival in lung cancer
patients

Zhong C, Liang Y, Wang Q, Tan HW, Liang Y

Case Control Study

6001  Effectiveness and postoperative rehabilitation of one-stage combined anterior-posterior surgery for severe
thoracolumbar fractures with spinal cord injury

Zhang B, Wang JC, Jiang YZ, Song QP, An'Y

Retrospective Study
6009  Prostate sclerosing adenopathy: A clinicopathological and immunohistochemical study of twelve patients

Feng RL, Tao YP, Tan ZY, Fu S, Wang HF

6021  Value of magnetic resonance diffusion combined with perfusion imaging techniques for diagnosing
potentially malignant breast lesions

Zhang H, Zhang XY, Wang Y

6032 Scar-centered dilation in the treatment of large keloids

Wu M, Gu JY, Duan R, Wei BX, Xie I

6039  Application of a novel computer-assisted surgery system in percutaneous nephrolithotomy: A controlled
study

Qin F, Sun YF, Wang XN, Li B, Zhang ZL, Zhang MX, Xie F, Liu SH, Wang ZJ, Cao YC, Jiao W

WJCC | https://www.wjgnet.com I June 26,2022 | Volume10 | Issue18 |

Jaishideng®



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 18 June 26, 2022

6050  Influences of etiology and endoscopic appearance on the long-term outcomes of gastric antral vascular
ectasia

Kwon HJ, Lee SH, Cho JH

Randomized Controlled Trial

6060  Evaluation of the clinical efficacy and safety of TST33 mega hemorrhoidectomy for severe prolapsed
hemorrhoids

Tao L, Wei J, Ding XF, Ji LJ
6069  Sequential chemotherapy and icotinib as first-line treatment for advanced epidermal growth factor
receptor-mutated non-small cell lung cancer

Sun SJ, Han JD, Liu W, Wu ZY, Zhao X, Yan X, Jiao SC, Fang J

Randomized Clinical Trial
6082  Impact of preoperative carbohydrate loading on gastric volume in patients with type 2 diabetes

Lin XQ, Chen YR, Chen X, Cai YP, Lin JX, Xu DM, Zheng XC

META-ANALYSIS

6091  Efficacy and safety of adalimumab in comparison to infliximab for Crohn's disease: A systematic review
and meta-analysis

Yang HH, Huang Y, Zhou XC, Wang RN

CASE REPORT

6105  Successful treatment of acute relapse of chronic eosinophilic pneumonia with benralizumab and without
corticosteroids: A case report

Izhakian S, Pertzov B, Rosengarten D, Kramer MR

6110  Pembrolizumab-induced Stevens-Johnson syndrome in advanced squamous cell carcinoma of the lung: A
case report and review of literature

Wu JY, Kang K, Yi J, Yang B

6119  Hepatic epithelioid hemangioendothelioma after thirteen years” follow-up: A case report and review of
literature

Mo WF, Tong YL

6128  Effectiveness and safety of ultrasound-guided intramuscular lauromacrogol injection combined with
hysteroscopy in cervical pregnancy treatment: A case report

YeJP, Gao Y, Lu LW, Ye YJ

6136  Carcinoma located in a right-sided sigmoid colon: A case report

Lyu LJ, Yao WW

6141  Subcutaneous infection caused by Mycobacterium abscessus following cosmetic injections of botulinum
toxin: A case report

Deng L, Luo YZ, Liu F, Yu XH

Bishidenge WVJCC | https://www.wjgnet.com I June 26,2022 | Volume10 | Issue18 |



Contents

World Journal of Clinical Cases

Thrice Monthly Volume 10 Number 18 June 26, 2022

6148

6156

6163

6168

6175

6184

6192

6198

6205

6211

6218

6227

6234

6241

Overlapping syndrome of recurrent anti-N-methyl-D-aspartate receptor encephalitis and anti-myelin
oligodendrocyte glycoprotein demyelinating diseases: A case report

Yin XJ, Zhang LF, Bao LH, Feng ZC, Chen JH, Li BX, Zhang J

Liver transplantation for late-onset ornithine transcarbamylase deficiency: A case report

Fu XH, Hu YH, Liao JX, Chen L, Hu ZQ, Wen JL, Chen SL

Disseminated strongyloidiasis in a patient with rheumatoid arthritis: A case report

Zheng JH, Xue LY

CYP27A1 mutation in a case of cerebrotendinous xanthomatosis: A case report

Li ZR, Zhou YL, Jin Q, Xie YY, Meng HM

Postoperative multiple metastasis of clear cell sarcoma-like tumor of the gastrointestinal tract in
adolescent: A case report

Huang WP, Li LM, Gao JB

Toripalimab combined with targeted therapy and chemotherapy achieves pathologic complete response in
gastric carcinoma: A case report

Liu R, Wang X, Ji Z, Deng T, Li HL, Zhang YH, Yang YC, Ge SH, Zhang L, Bai M, Ning T, Ba Y
Presentation of Boerhaave’s syndrome as an upper-esophageal perforation associated with a right-sided
pleural effusion: A case report

Tan N, Luo YH, Li GC, Chen YL, Tan W, Xiang YH, Ge L, Yao D, Zhang MH

Camrelizumab-induced anaphylactic shock in an esophageal squamous cell carcinoma patient: A case
report and review of literature

Liu K, Bao JF, Wang T, Yang H, Xu BP

Nontraumatic convexal subarachnoid hemorrhage: A case report

Chen HL, Li B, Chen C, Fan XX, Ma WB

Growth hormone ameliorates hepatopulmonary syndrome and nonalcoholic steatohepatitis secondary to
hypopituitarism in a child: A case report

Zhang XY, Yuan K, Fang YL, Wang CL

Vancomycin dosing in an obese patient with acute renal failure: A case report and review of literature

XuKY, Li D, Hu ZJ, Zhao CC, Bai J, Du WL

Insulinoma after sleeve gastrectomy: A case report

Lobaton-Ginsberg M, Sotelo-Gonzdlez P, Ramirez-Renteria C, Juarez-Aguilar FG, Ferreira-Hermosillo A

Primary intestinal lymphangiectasia presenting as limb convulsions: A case report

Cao Y, Feng XH, Ni HX

Esophagogastric junctional neuroendocrine tumor with adenocarcinoma: A case report

Kong ZZ, Zhang L

JBaishideng®

WJCC | https://www.wjgnet.com 111 June 26,2022 | Volume10 | Issue18 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 18 June 26, 2022

6247  Foreign body granuloma in the tongue differentiated from tongue cancer: A case report
Jiang ZH, Xv R, Xia L

6254  Modified endoscopic ultrasound-guided selective N-butyl-2-cyanoacrylate injections for gastric variceal
hemorrhage in left-sided portal hypertension: A case report
Yang J, Zeng Y, Zhang JW

6261  Management of type IlIb dens invaginatus using a combination of root canal treatment, intentional
replantation, and surgical therapy: A case report
Zhang J, Li N, Li WL, Zheng XY, Li S

6269  Clivus-involved immunoglobulin G4 related hypertrophic pachymeningitis mimicking meningioma: A
case report

YuY, Lv L, Yin SL, Chen C, Jiang S, Zhou PZ

6277 De novo brain arteriovenous malformation formation and development: A case report

Huang H, Wang X, Guo AN, Li W, Duan RH, Fang JH, Yin B, Li DD

6283  Coinfection of Streptococcus suis and Nocardia asiatica in the human central nervous system: A case report

Chen YY, Xue XH

6289  Dilated left ventricle with multiple outpouchings — a severe congenital ventricular diverticulum or left-
dominant arrhythmogenic cardiomyopathy: A case report

Zhang X, Ye RY, Chen XP

6298  Spontaneous healing of complicated crown-root fractures in children: Two case reports

Zhou ZL, Gao L, Sun SK, Li HS, Zhang CD, Kou WW, Xu Z, Wu LA

6307  Thyroid follicular renal cell carcinoma excluding thyroid metastases: A case report

Wu SC, Li XY, Liao BJ, Xie K, Chen WM

6314  Appendiceal bleeding: A case report
Zhou SY, Guo MD, Ye XH

6319  Spontaneous healing after conservative treatment of isolated grade IV pancreatic duct disruption caused
by trauma: A case report

Mei MZ, Ren YF, Mou YP, Wang YY, Jin WW, Lu C, Zhu QC

6325  Pneumonia and seizures due to hypereosinophilic syndrome —organ damage and eosinophilia without
synchronisation: A case report

Ishida T, Murayama T, Kobayashi S

6333  Creutzfeldt-Jakob disease presenting with bilateral hearing loss: A case report
Na S, Lee SA, Lee JD, Lee ES, Lee TK

LETTER TO THE EDITOR
6338  Stem cells as an option for the treatment of COVID-19

Cuevas-Gonzalez MV, Cuevas-Gonzalez JC

Guieidenge WICC | https://www.wjgnet.com X June 26,2022 | Volume10 | Issue18 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 18 June 26, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Cristina Tudoran, PhD, Assistant Professor, Department
VII, Internal Medicine II, Discipline of Cardiology, "Victor Babes" University of Medicine and Pharmacy Timisoara,
Timisoara 300041, Timis, Romania. cristinal3.tudoran@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports®
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category:
Q3. The W]JCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Y7 Yuan; Production Department Director: X# Guo; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16, 2013 https:/ /www.wijgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/Gerlnfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja | https://www.wignet.com/bpg/gerinfo/208
Hyeon Ku

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/ editotialboard. htm https://www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 26, 2022 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com X June 26,2022 | Volume10 | Issue18 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v10.i18.5934

World Journal of
Clinical Cases

World ] Clin Cases 2022 June 26; 10(18): 5934-5945

ISSN 2307-8960 (online)

MINIREVIEWS

Development of clustered regularly interspaced short palindromic
repeats/CRISPR-associated technology for potential clinical

applications

Yue-Ying Huang, Xiao-Yu Zhang, Ping Zhu, Ling Ji

Specialty type: Biochemistry and
molecular biology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Asmamaw M,
Ethiopia; Cho YS, South Korea

Received: November 3, 2021
Peer-review started: November 3,
2021

First decision: December 27, 2021
Revised: January 10, 2022
Accepted: April 24, 2022

Article in press: April 24, 2022
Published online: June 26, 2022

Jaishideng®

WJCC | https://www.wjgnet.com

Yue-Ying Huang, Xiao-Yu Zhang, Ping Zhu, School of Medical Laboratory, Weifang Medical
University, Weifang 261053, Shandong Province, China

Ling Ji, Department of Laboratory Medicine, Peking University Shenzhen Hospital, Shenzhen
518035, Guangdong Province, China

Corresponding author: Ling Ji, Doctor, Chief Technician, Department of Laboratory Medicine,
Peking University Shenzhen Hospital, No. 1120 Lianhua Road, Futian District, Shenzhen
518035, Guangdong Province, China. 1120303921 (@qq.com

Abstract

The clustered regularly interspaced short palindromic repeats (CRISPR)-CRISPR-
associated (Cas) proteins constitute the innate adaptive immune system in several
bacteria and archaea. This immune system helps them in resisting the invasion of
phages and foreign DNA by providing sequence-specific acquired immunity.
Owing to the numerous advantages such as ease of use, low cost, high efficiency,
good accuracy, and a diverse range of applications, the CRISPR-Cas system has
become the most widely used genome editing technology. Hence, the advent of
the CRISPR/Cas technology highlights a tremendous potential in clinical diag-
nosis and could become a powerful asset for modern medicine. This study
reviews the recently reported application platforms for screening, diagnosis, and
treatment of different diseases based on CRISPR/Cas systems. The limitations,
current challenges, and future prospectus are summarized; this article would be a
valuable reference for future genome-editing practices.

Key Words: CRISPR-Cas; Gene editing; Molecular diagnostics; Gene targeting
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Core Tip: This review mainly discusses and explores the potential clinical applications of the clustered
regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) technology. The
detection technologies for nucleic acids and small molecules of different pathogens based on the
CRISPR/Cas system are summarized. The advantages and disadvantages of the CRISPR/Cas technology
from the aspects of gene editing, disease treatment, multi-drug resistance, and treatment are enumerated,
asserting that CRISPR/Cas system has unlimited potential in clinical applications with certain challenges.

Citation: Huang YY, Zhang XY, Zhu P, Ji L. Development of clustered regularly interspaced short palindromic
repeats/CRISPR-associated technology for potential clinical applications. World J Clin Cases 2022; 10(18): 5934-
5945
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INTRODUCTION

The clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas)
system, an adaptive immune system present in numerous bacteria and archaea, is a nucleic acid-
targeted defense mechanism composed of numerous short and conserved repeat regions and spacers
that protect themselves from exogenous mobile genetic elements such as plasmids and phages. A
similar arrangement in the chromosomes of Gram-negative bacteria (Escherichia coli, E. coli) was also
reported by Ishino et al in 1987 and was again confirmed in 2010[1]. The type II CRISPR/Cas system
from Streptococcus pyogenes could specifically recognize and cleave target DNA guided by gRNA[2];
thus, laying the foundation for the development and utilization of the CRISPR/Cas system. Over the
past few years, several CRISPR/Cas systems belonging to Cas proteins with different characteristics
have been developed, which in turn have produced many CRISPR/Cas system-related toolboxes,
offering functional robustness, efficiency, and ease of implementation in multiple organisms[3]. Various
gene-editing tools based on CRISPR/Cas9 were introduced in 2013[4], followed by successful
implementation in the modern medical field. Within a few years, CRISPR/Cas technology gradually
made crucial breakthroughs and is now widely employed in gene-editing, treatment of genetic diseases,
clinical diagnosis of common pathogenic molecules, and alleviating antimicrobial resistance. This
review compiles the recent advancements in CRISPR technology and summarizes the achievements of
CRISPR/ Cas technology in clinical applications to provide opportunities for programmable genomic
editing for translational medicine.

CLASSIFICATION OF CRISPR/CAS SYSTEM

In CRISPR/ Cas systems, researchers have discovered various Cas proteins with different characteristics.
There are two classes of CRISPR/Cas systems based on the composition of their effector subunits,
Classes 1 and 2 (Table 1). Class 1 system contains numerous RNA-effector complexes, and Class 2
system comprises a solitary protein like Cas 9 that conducts all effector complex activities[4]. The Class 1
CRISPR-Cas system includes type I, III, and putative IV subtypes. The type I subtype contains the
signature gene Cas3 encoding a single-stranded DNA (ssDNA), which acts as a candidate for guiding
cascade in type I CRISPR module like Cas8 for DNA invasion, but this theory has not been thoroughly
investigated. The type III CRISPR-Cas system containing gene Cas10 includes nonspecific degradation
of both ssDNA and RNA molecules and requires the target DNA transcription for immunity[5,6]. The
Cas10 subunit cleaves the transcribed ssDNA and activates the Csm6 nonspecific-RNase activity, while
as the Csm’cleaves the RNA target, the RuvC domain introduces staggered double-stranded DNA
(dsDNA) breaks[7-9]. Since the Cas10 subunit HD domain cleaves ssDNA from the transcription bubble
[10-12], due to activation of the Palm domain, ATP is converted into four or six-member cyclic
oligoadenylate (CoA) rings. These six-member CoA rings then act as a secondary messenger and
activate Csm6 by binding to its CARF (CRISPR-Associated Rossman Fold) domain, causing activation of
the Higher Eukaryotes and Prokaryotes Nucleotide-binding (HEPN) domain and unleashing
nonspecific RNA cleavage[13-15]. Putative type IV CRISPR/Cas systems include a large subunit, Csf1,
Casb, and Cas? (a solitary unit), and usually lack the known Cas proteins involved in adaptation and
target cleavage[16].

Class 2 effectors are composed of a single Cas unit that associates with the CRISPR RNAs (crRNA) for
gene targeting in various biotechnological applications. This class includes CRISPR types II, V, and VL
Type II uses the mature crRNA directed CRISPR-associated protein Cas9 base-paired to trans-activating
crRNA (tracrRNA) while introducing double-stranded breaks (DSB) in target DNA (Figure 1). Although
Cas9 also harbors RuvC and HNH domains, at sites complementary to the crRNA-guide sequence, the
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Table 1 Features of clustered regularly interspaced short palindromic repeats/CRISPR-associated system

CRISPR type Specific cleavage  Collateral cleavage Secondary messenger CRISPR inhibitors Ref.
Class1 1(Cas8) DNA Not identified to date Not identified to date Yes [4]

III (Cas10) RNA RNA, ssDNA cOA Not identified to date [6-8]

IV (Csfl) Not studied yet Not studied yet Not studied yet Not studied yet [16]
Class2 II (Cas9) DNA Not identified to date Not identified to date Yes [4,5,16-20]

V (Cas12, Cas14) DNA ssDNA Not identified to date Yes [21-23]

VI (Cas13) RNA RNA Not identified to date Not identified to date [24-26]

CRISPR: Clustered regularly interspaced short palindromic repeats; ssDNA: Single-stranded DNA; cOA: Cyclic oligoadenylate.
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DOI: 10.12998/wjcc.v10.i18.5934 Copyright ©The Author(s) 2022.

Figure 1 Collateral activity of Cas9, Cas12 and Cas13. PAM: Protospacer adjacent motif; dsDNA: Double-stranded DNA; ssDNA: Single-stranded DNA;
crRNA: Clustered regularly interspaced short palindromic repeats RNAs; HEPN: Higher Eukaryotes and Prokaryotes Nucleotide-binding.

Cas9 HNH nuclease domain cleaves the complementary strand. In contrast, the Cas9 RuvC-like domain
cleaves the noncomplementary strand, thereby stressing the fact that target recognition by Cas9 requires
both a seed sequence in the crRNA as well as a GG dinucleotide-containing protospacer adjacent motif
(PAM) sequence adjacent to the crRNA-binding region in the DNA target[2,16-20]. The majority of type
V CRISPR modules can recognize dsDNA targets. For instance, a single crRNA processed by Cas12
RNase domain guides Cas12 with a T-rich PAM sequence to cleave dsDNA targets, generating sticky
ends[21] (Figure 1). Cas12a cleaves both the target and non-target strands of a targeted dsDNA by a
single active site in the RuvC catalytic pocket[22]. Besides Cas12, Cas14 is the smallest RNA-guided
nuclease discovered to date with 400-700 amino acids and does not require a target sequence such as
PAM in the ssDNA substrate[23]. Lastly, Cas13 (also named C2c2) belongs to type VI recognizing RNA
targets. A study discovered that Cas13 has two HEPN domains commonly associated with ribonuc-
leases (RNases)-one for cutting its RNA target and the other for processing the crRNA[24-26] (Figure 1).
It is also suggested that both type V and VI CRISPR modules work collaterally, i.e., Cas12 and Casl14 can
cleave ssDNA nonspecifically. In contrast, Cas13 can initiate nonspecific RNA cutting[16], which has not
been observed when Cas12, Cas14, and Cas13 have been applied in either human or plant cell lines[27,
28].
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CLINICAL APPLICATION OF CRISPR/CAS TECHNOLOGY

Application of CRISPR/Cas technology in clinical disease diagnosis

Application of CRISPR/Cas technology in pathogen detection: Zhang et al[24] developed a detection
platform called Specific High-sensitivity Enzymatic Reporter Unlocking (SHERLOCK) that combined
isothermal amplification and Casl13a technology for the detection of either single DNA or RNA
molecules. As activated Cas13 cleaves quenchable fluorescent RNA, it produces a quantifiable signal
indicating the presence of the target nucleic acid (Figure 1). SHERLOCK was demonstrated to detect
closely related Zika virus and dengue virus due to its property of rapidly detecting nucleic acids with
high sensitivity. Subsequently, SHERLOCK was updated to SHERLOCKV2, based on simple four-
channel multiplexing with orthogonal nucleic acid sequences of LwaCas13a, PsmCas13b, CcaCas13b,
and AsCas12a[29], breaking through the quantitative and fluorescence limitations of SHERLOCK.
SHERLOCKYV2 uses fewer primers during the pre-amplification process to achieve better quantification
without affecting sensitivity. Furthermore, the introduction of the test strip aids in determining whether
the target DNA or RNA is present in the sample by visualization. SHERLOCKvV2, due to its efficiency,
specificity, ease of use, and portability, can detect ssSRNA of dengue or Zika virus, as well as mutations
in liquid biopsy samples from patients by the lateral flow assay system. Chen et al[30] also reported that
Cas12a could be used as a potential nucleic acid detection platform and developed DNA endonuclease-
targeted CRISPR trans reporter (DETECTR), whose working principle was similar to that of SHERLOCK
as this platform used isothermal amplification and Cas12a ssDNase activation for detection (Figure 1).
Their system could specifically identify two human papillomavirus strains [Human papillomavirus
(HPV16) and HPV18] from human SiHa and HeLa cells with higher accuracy.

However, as the above-mentioned nucleic acid detection processes require repeated uncapping and
extraction, Joung et al[31] introduced the “one-pot” detection technology, while updating the COVID-19
detection technology, in which RNA does not need to be purified from patient samples. Moreover, the
reaction steps required to detect COVID-19 are done in a tube during the test. It was then named
SHERLOCK Testing in One Pot (STOP). While STOP employs loop-mediated isothermal amplification
(LAMP) as a method to amplify RNA and utilizes AapCas12b, an enzyme that can remain active at 60
°C (the temperature required for the LAMP reaction), the steps of RNA extraction were simplified
enough that could easily detect viral RNA only by adding viral lytic releasers to throat wipes or saliva
samples containing new crown viruses without purifying and isolating RNA.

Although STOP simplifies the complexity of the detection process and reduces the contamination
caused by reagent transfer, it also requires heating, amplification, and other steps when compared with
SHERLOCKvV2. To overcome these hindrances, a new system, CRISPR-Cas9-assisted DNA detection
(CADD), was developed. This system employed the Beads-HCR method, in which a pair of dCas9-
single-guide RNA (sgRNA), after being attached to the target DNA, was captured by the bead surface,
followed by the addition of two hybridization chain reaction (HCR) hairpins (hairpin 1 and hairpin 2).
Since the hairpin was labeled with fluorescein, HCR could produce a fluorescent signal on the bead’s
surface. As the hairpin was connected continuously, the fluorescence signal became brighter in the
positive direction, thereby making it easier to detect the fluorescence signals to the greatest extent
without amplifying the target gene[32].

Due to the advantages of simple design, high efficiency, convenience, and a wider scope of
application, CRISPR-Cas systems have become the most frequent genome editing technology in
molecular biology while simultaneously promoting the development of basic scientific research,
molecular innovations, and advanced clinical approaches. Freije et al[33] combined the Cas13 antiviral
activity with its diagnostic ability and established a powerful and rapidly programmable diagnostic and
antiviral system, named Cas13-assisted restriction of viral expression and readout. This system could
detect RNA-based viruses such as influenza A virus in human cells within two hours on the test strip
itself. Fozouni ef al[34] also developed a COVID-19 detection technology connected to a smartphone that
took only 15-30 min from sampling to reporting results on a mobile phone. This technique omitted the
reverse transcription and pre-amplification steps and used CRISPR to directly detect viral RNA. It was a
new diagnostic test that, apart from producing positive or negative results, could also measure the viral
load in a given sample. Since Csm6 can sense the presence of RNA small loops and cleaves various RNA
molecules, Liu et al[35] utilized Cas13, Csmé6, and their activators in combination to create a tandem
nuclease method for detecting COVID-19. This method avoided the original amplification of RNA and
the possibility of sample cross-contamination caused by amplification (Table 2).

Application of CRISPR/Cas technology in tumor pathogenesis monitoring: Tumor monitoring is still
an important parameter of global chronic disease monitoring. In recent years, due to complicated
operations, long detection time, and low specificity, genetic sequencing for tumor marker detection has
lost its popularity. To overcome this recurrent issue, Chow et al[36] developed in vivo CRISPR screening
that identified both oncogenes and tumor suppressors that are the regulators of tumor immunotherapy
in the tissue microenvironment[37]. This method could be suitable for personalized cancer modeling
and tumor-driven analysis in the future to provide guidance for precision medicine. In recent years, as
microRNAs have been reported to be associated with tumorigenesis, diagnosis, and prognosis, the
CRISPR/ Cas technology promises great potential for an early diagnosis of miRNA-related disease[38,
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Table 2 Clustered regularly interspaced short palindromic repeats-based pathogen nucleic acid detection system

Nucleic acid Amplification . . —_
. Cas Target DNA P Test method Time Sensitivity  Specificity ~ Ref.
detection system method
SHERLOCK Casl3a Zika virus efc. RPA Fluorescence 2-5h 2x10°M High [26]
SHERLOCKv2 Cas13a, Zika virus, Gordon RPA FluorescenceTest 05-40h 8x102%'M High [29]
Casl2a, fever virus, yellow strip
Csm6 fever virus, efc.
DETECTR Cas12a HPV RPA Fluorescence 1h 108 M High [30]
STOP Cas12b 2019-nCoV LAMP Fluorescence 1h 100 copies High [31]
CADD Cas9 HPV - Fluorescence 30 min 10°M High [32]
CARVER Casl3a Influenza A RPA Test strip 2h - High [33]
Smartphone testing  Cas13a 2019-nCoV - Fluorescence 15-30 10*M High [34]
min
Tandem nuclease Casl3a + 2019-nCoV - Fluorescence 20 min 31x10°M High [35]
Csm6

Cas: CRISPR-associated protein; RPA: Recombinase Polymerase Amplification; SHERLOCK: Specific high-sensitivity enzymatic reporter unlocking; STOP:
SHERLOCK Testing in One Pot; CADD: CRISPR-Cas9-assisted DNA detection; CARVER: LAMP: Loop-mediated isothermal amplification; 2019-nCoV:

2019 novel coronavirus; HPV: Human papillomavirus.
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39]. Qiu et al[40] developed the RCA-CRISPR-split-HRP (RCH) detection system based on dCas9, which
facilitated CRISPR/Cas9 technology in miRNA detection for the first time. It offers great advantages
such as a low detection cost and significant genetic effects. To demonstrate the potential application
value of RCH, it was applied to detect circulating let-7a in serum samples from patients with non-small
cell lung cancer (NSCLC) and healthy volunteers. As it was reported that since the expression of
circulating let-7a was significantly down-regulated in patients with NSCLC, it could become a useful
biomarker for NSCLC[41]. It was also discovered that the detection results were highly consistent with
RT-PCR results and the literature reports, suggesting that this method could be used for the screening
and diagnosis of tumors in the near future. Simultaneously, Lee et al[42] developed CRISPR-mediated
Ultrasensitive Detection of Target DNA)-PCR (CUT) using Cas9/sgRNA for specific cleavage of wild-
type DNA in blood samples from colorectal cancer patients, which in turn enriched the circulating
tumor DNA content in plasma to improve the specificity and sensitivity of early tumor diagnosis. While
the SHERLOCK and SHERLOCKv2 molecular detection platforms can detect the BRAF V600E mutation
in simulated circulating DNA samples and the EGFR L858R mutation in liquid biopsy samples from
adenocarcinoma patients[26,29,43], the DETECTR method can also be used to rapidly detect tumor
mutations in the reproductive system[30]. For example, human papillomavirus, closely related to the
occurrence of cervical cancer, is detected in human anal wipe DNA extracts[41]. The development of

this technology is expected to bring a significant breakthrough in the early screening of cervical cancer
(Table 3).

Application of CRISPR/Cas technology in gene-editing disease therapy

In clinical medicine, gene-editing has changed from a niche research technique to an extensive and
highly precise tool for disease treatment[44], which has shown surprising results in the treatment of a
variety of clinical diseases, such as genetic disorders[45] and cancer immunotherapy[46].

Application of the CRISPR/Cas9 System in gene editing disease therapy: An in vitro study by Egelie et
al[47] observed that Cas9 protein could target and edit genes in bacterial cells, human stem cells,
zebrafish, and human cell lines. In the targeting phase, Cas9 is guided to the DNA target site beside the
PAM (spacer sequence adjacent motif) site (3" GGN) by gRNA. The Cas9 nuclease domains like RuvC
and HNH cleave single strands of DNA to form DNA DSBs. Although non-homologous end joining is
subsequently activated in the host for repair, resulting in frameshift mutations, the body can also
perform precise repair by homologous recombination repair in the presence of homologous sequences
[48]. Lately, the CRISPR/Cas9-mediated gene therapy has become a quick and effective gene-editing
tool as it corrects single-gene mutations, thus saving the disease phenotypes by achieving prompt
treatment[49]. Leber congenital amaurosis (LCA) is an autosomal recessive retinopathy with both early
and severe onset, causing severe visual loss due to premature transcription termination due to the
presence of point mutations in the CEP290 gene at the intron branch point, followed by complete loss of
pyramidal cell function in both eyes at birth or within one year of birth in infants[50,51]. Many previous
studies on LCA disclosed that the adeno-associated virus type 5 (AAV5) vector delivers Cas9 and
CEP290-specific gRNAs to the retina by targeting the point mutation region to invert or delete it as a
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Table 3 Clustered regularly interspaced short palindromic repeats-based tumor diagnostic system

System Cas Tumor type Sensitivity Specificity Ref.
RCH Cas9 NSCLC 10M High [40]
CcuT Cas9 Colorectal cancer <0.01% High [41]
SHERLOCK Cas13a NSCLC 0.1% High [26]
SHERLOCKv2 Cas13a, Cas12a, Csm6 NSCLC 8 x107'M High [29]
DETECTR Cas12a HPV 108M High [30]

RCH: RCA-CRISPR-split-HRP; NSCLC: Non-small cell lung cancer; HPV: Human papillomavirus; CUT: CRISPR-mediated Ultrasensitive Detection of
Target DNA-PCR; SHERLOCK: Specific high-sensitivity enzymatic reporter unlocking; DETECTR: DNA endonuclease-targeted CRISPR trans reporter.
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whole, thereby restoring the normal expression of CEP290 gene[52-54]. Although still in the early
clinical trial stage, this recent approach is currently being used to treat type 10 congenital mongolism
patients[55]. It has also been suggested that using mRNAs encoding nucleases, like CRISPR/Cas9 and
gRNA, and their DNA editing property in target cells has the potential to be effective in Cystic fibrosis
(CF) patients with the impact of potential mutations[56]. Many past literary insights reported that an
adeno-associated virus vector might be used to express the Cas9 of Campylobacter jejuni with adenine
deaminase activity as well as the corresponding sgRNA to achieve accurate correction of oncogenic
mutations in the telomerase gene promoter region of glioma cells[57].

Additionally, numerous prior studies have also demonstrated that CRISPR/Cas9 technology also has
application prospects in the treatment of hematological diseases: For example, when congenital glucose-
6-phosphatase-dehydrogenase (G6PD) deficiency patients ingest fava beans, acute hemolytic anemia
with several manifestations occur along with sickle cell anemia and p-thalassemia, a condition caused by
mutations in the B-globin gene (HBB). Wu et al[45] effectively corrected G6PD and HBB point mutations
by giving composite injections into single-cell human embryos in Cas9-sgRNA and homologous donors
[58,59], thereby demonstrating that CRISPR/Cas9 might also become a valuable therapeutic tool in
human genetic diseases.

Application of the CRISPR/Cas12 System in gene editing therapy: In 2015, Zetsche et al[21] charac-
terized the Casl12a protein and identified two candidate enzymes from Eosinophilaceae and Lactobacil-
laceae, and demonstrated that Cas12a protein was able to conduct effective genome editing activity in
human cells. Unlike Cas9, the crRNA used by cas12a has only 42 nt[21], which offers many advantages
in design and facilitates delivery and simplification of the multiplex gene-editing process[60]. According
to Verwaal, LbCas12a and FnCas12a show editing efficiency comparable to Cas9 in yeast cells and are
expected to be good alternatives to Cas9 in the future[61]. However, it is not widely used in practice, so
there are very few instances of genome editing for disease treatment. Recently, some researchers
engineered wild-type AsCas12a and designed a nuclease called enAsCas12a[62], which can show better
gene editing activity at the TTT PAM site, greatly improving the editing efficiency of base C to base T.
DeWeirdt et al[63] also applied enAsCas12a for genetic screening in human cells, and in the future, the
CRISPR/ Cas12 system might also play a larger role in disease treatment.

Application of the CRISPR/Cas13 System in gene editing therapy: On the contrary, the Casl3 protein
family also seems to be promising in RNA knockout and editing, as reported by Cox et al[64]. In their
study, catalytically inactive Cas13 (dcasl3) was combined with ADAR?2 to target transcripts to
mammalian cells for editing of RNA bases A to I and correcting certain mutations in genetic diseases[27,
64]. Recently, Li et al[65] also developed a brand-new CRISPR/Cas gene-editing technology using
dCasl13, called RESCUE, in which ADAR2 enzyme targeted both base C in RNA and unwanted base C
in tRNA and precisely modified them to base U, thereby achieving the purpose of changing the protein
without modifying the DNA by altering the mRNA injunctions.

Né-methyladenosine (m°fA) is a common post-transcriptional RNA methylation modification in
eukaryote mRNA responsible for mRNA modifications, which sometimes in an abnormal state can
trigger a series of diseases[66]. This was also confirmed by Wilson et al[67] using an m6A RNA editing
tool constructed by phase fusion of dCas13 and gRNA, and precisely edited m°A in the nucleus and
cytoplasm. It could correct the methylase abnormality, bringing the latest breakthroughs in RNA
editing. Thus, CRISPR/ Cas technology can provide broader research ideas and application prospects for
the treatment of many diseases by precisely editing genes and rectifying the diversity of gene variants
that cause diseases.

In recent years, CRISPR/Cas technology has emerged as a potentially powerful tool in cancer
research and treatment. It offers genetic screening of oncogenic mutations and can alter expressions of
tumor suppressor genes[68]. It can be applied in CAR-T cell immunotherapy and immune checkpoint
blocking therapy[46,69,70], thereby exploring and validating novel therapeutic targets in several
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preclinical studies involving tumors.

Application of CRISPR/Cas technology in multi-drug resistance analysis and treatment

CRISPR/ Cas technology can be utilized to assess the surmounting multi-drug resistance (MDR) that has
emerged as a serious public health threat due to inappropriate clinical antibiotic usage[71]. MDR
usually occurs due to horizontal gene transfer of antibiotic resistance genes mediated by plasmids into
other pathogenic bacterial forms[72]. Guk et al[73] discovered a significant negative correlation between
CRISPR/Cas loci in bacteria and detected the acquired antibiotic resistance by sequencing the Entero-
coccus faecalis genome. It was revealed that strains without CRISPR/ Cas loci were more likely to acquire
external resistance genes than strains with CRISPR/ Cas loci[74].

Nearly 26000 Enterobacteriaceae infections per year in China are caused by extended-spectrum p-
lactamases (ESBLs) producing E. coli[72]. Bader et al[75] developed a technique called Re-Sensitization to
Antibiotics from Resistance (ReSAFR). In this technique, the CRISPR/Cas9 system facilitates the
intracellular delivery of antimicrobials, followed by sgRNA-guided Cas9 specific cleavage of resistance-
mediating genes present on the same plasmid as the target genes so that antibiotic-resistant cells become
re-sensitive to antibiotics. As ReSAFR improves the practical value of the CRISPR/Cas9 system, it might
become an effective approach to curb the formation of multidrug-resistant bacteria[72,76]. Since in
recent years, methicillin-resistant Staphylococcus aureus (MRSA) has become a major nosocomial
pathogen worldwide, Guk et al[73] developed a simple, rapid, and highly sensitive method to detect
MRSA, i.e., DNA-FISH to rapidly and reliably detect MRSA and provide effective treatment. In this
technique, the dCas9/sgRNA complex is used as the targeting material and a nucleic acid stain SYBR
Green I as the fluorescent probe to capture the MRSA DNA by specifically recognizing the mecA gene
sequence with sgRNA. It offers a detection sensitivity of 10 CFU/mL, which is sufficient for effective
detection of MRSA as the mecA gene, mainly present in resistant bacteria, is the prime underlying cause
of MRSA resistance to p-lactam antibiotics. Therefore, MRSA can be promptly identified based on the
mecA gene for effective antimicrobial therapy[77]. Kiga et al[78] also reported a positive outcome while
developing the CRISPR-Cas13a-based antimicrobials capable of sequence-specific killing of MRSA,
which is expected to be put into practical use as a therapeutic agent. Many of the emerging technologies
mentioned above have tremendous potential to combat some of our most critical clinical predicaments
in world public health problems.

Challenges to the application of CRISPR/Cas technology

CRISPR/Cas technology is indeed a convenient, easy-to-use biomedical tool having a wide range of
potential applications, but at the same time, there are certain unsolved problems in its application that
should be accurately recognized.

Off-target effect

CRISPR has proven to be a highly versatile gene-editing tool with great potential in a wide range of
problems such as gene therapy, drug discovery, and gene modification in plant technology. However,
the accuracy and reliability of CRISPR technology might be severely hampered by off-target effects due
to unintended cleavage at untargeted genomic loci that do not match sgRNA, thus resulting in severe
genomic aberrations[79].

When CRISPR technology is used for nucleic acid detection, the presence of an off-target effect can
cause false positive or false negative results, affecting the accuracy of clinical diagnosis. The off-target
effect is the main limiting factor affecting the application of CRISPR technology in clinical practice. In
2019, Griinewald et al[80] reported that the Cas9-based DNA editor experienced a severe off-target
phenomenon while editing single bases and mutating a large number of unrelated DNA and RNA. A
correct interpretation of genomic data, along with the strategies for the detection of off-target mutations
and minimizing off-target cleavage efficiency, are still some of the urgent problems that need to be
addressed at present. For example, technologies such as GUIDE-seq[81], Digenome-seq[77], and
CIRCLE-seq[82] have been widely used to detect off-target effects. In recent years, after an in-depth
study of the factors affecting off-target effects, it has been found that the current strategies to solve off-
target effects mainly include: (1) Predicting off-target sites: Using CRISPOR, CHOPCHOP, and other
tools, gRNAs can be designed online to analyze potential off-target sites, so that researchers can select
gRNAs with low off-target effects as much as possible. The recently introduced DISCOVER-Seq
technology[83] can identify the exact site of CRISPR cutting genome with simple processes and accurate
results. In addition, the structure of sgRNAs and the activity of Cas protein are closely related to the off-
target effects[84]; (2) optimizing the design strategy of sgRNAs: Doench et al[85] found a significant
reduction in off-target effects after establishing new sgRNA design rules by optimizing the composition
of sgRNAs; and (3) altering the structure of the Cas enzyme: Slaymaker et al[86] improved the binding
rate to the target sequences using mutants of the Cas9 protein.

Safety and ethical issues
Recently, a study reported that a large number of unnecessary repetitive fragments appear when gene
insertion is performed in mice using the CRISPR/Cas technology, which cannot be detected using the
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standard PCR analysis[87]. On the other hand, it was also proposed that in human embryonic cells,
frequent DNA breakage can lead to the loss of the entire chromosome or sometimes a large part of the
chromosome, which can pose significant challenges for mutation corrections[88]. Another therapeutic
intervention is the usage of AAV vectors that are often used with CRISPR/Cas9 for targeted gene
editing. They are sometimes unable to load larger genes and might adversely affect the functioning of
AAV vectors carrying exogenous DNA fragments inserted into human chromosomes due to insertional
mutagenesis. Henceforth, all combined efforts should be directed towards implementing the strong
gene-editing abilities of CRISPR/ Cas technology for the treatment of related diseases, while preventing
any untoward genome-editing behaviors and similar negative events, as well as avoiding irreversible
and unethical mutational consequences.

Quantitative and high-throughput detection and sample pretreatment
As CRISPR/Cas technology accurately conducts a quantitative analysis of target nucleic acids, it is
deemed important for providing rapid and ultrasensitive data relevant for prompt disease management
and treatment. However, HOLMES and DETECTR, two detected CRISPR-Cas effectors, might not be
capable of precise target quantification for Cas12-based detection platforms[30,89]. In addition to that,
multi-channel detection is also very crucial for distinguishing different pathogens as well as single-base
polymorphisms for an accurate diagnosis, but only SHERLOCKV2 contains multi-channel detection
ability at present[29], highlighting its innate potential as a rapid and quantitative detection platform.
With the more and more extensive application of CRISPR/Cas technology in clinical diagnosis, the
sample sources, as well as the influencing factors within the samples, will be gradually expanded and
diversified[90]. Therefore, it is very important to select a simple, efficient and economical sample
pretreatment strategy for opening up novel avenues to tackle genetic diseases in a precise manner.
Despite significant technical improvements, the above-mentioned challenges should be further
addressed for optimizing genomic stability in future studies.

CONCLUSION

As stated by Barrangou et al[91], “The potential for CRISPR/Cas technology applications is enormous,
affecting almost all aspects of life and providing inspiration for future technological breakthroughs”.
CRISPR/ Cas technology may revolutionize diagnostic and therapeutic research in clinical diseases and
become a versatile tool in practice in the field of clinical medicine as a pathogen detection platform due
to its high efficiency, portability, and low-cost factor. Moreover, the developed diagnostic tools based on
the CRISPR/Cas system are highly suitable for large-scale screening tasks in the frontline, community
hospitals, and resource-limited environments[90], thereby initiating rapid and accurate detection and
further promoting the development of point-of-care testing. Simultaneously, emerging CRISPR/Cas
technology is being used with renewed efforts for discovering new therapeutic targets and detecting
biomarkers to provide more accurate and scientific avenues for the early diagnosis and clinical
treatment of oncological diseases[38,69,70]. Since the application of CRISPR/Cas technology in bacterial
resistance detection has the advantages of simplicity, rapidity, and sensitivity, the recently developed
platform can be more optimized by applying more detection methods for discovering various
pathogens, which will be essential to prevent the spread of drug-resistant bacterial infections in
hospitals[73,78].

Owing to the fact that as CRISPR/ Cas technology has an undeniable tremendous potential in clinical
applications and scientific research technology, many long-term clinical studies are required to elucidate
biological mechanisms behind disease development and progression. This will make CRISPR/Cas
technology an emerging discipline that provides better health care and improves human health more
efficiently. It is also suggested that CRISPR will certainly provide more exciting results in the future,
bringing us unlimited possibilities, thus providing novel molecular therapies and promoting the
development of the life sciences.
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