World Journal of

World | Clin Cases 2022 November 6; 10(31): 11214-11664

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 10 Number 31 November 6, 2022

11214

11226

11240

REVIEW
Diabetes and skin cancers: Risk factors, molecular mechanisms and impact on prognosis

Dobrica EC, Banciu ML, Kipkorir V, Khazeei Tabari MA, Cox MJ, Simhachalam Kutikuppala LV, Gaman MA

Endocrine disruptor chemicals as obesogen and diabetogen: Clinical and mechanistic evidence

Kursunoglu NE, Sarer Yurekli BP

Intestinal microbiota in the treatment of metabolically associated fatty liver disease

Wang JS, Liu JC

11252

11260

11273

11283

11292

MINIREVIEWS
Lactation mastitis: Promising alternative indicators for early diagnosis

Huang Q, Zheng XM, Zhang ML, Ning P, Wu MJ

Clinical challenges of glycemic control in the intensive care unit: A narrative review

Sreedharan R, Martini A, Das G, Aftab N, Khanna S, Ruetzler K

Concise review on short bowel syndrome: Etiology, pathophysiology, and management

Lakkasani S, Seth D, Khokhar I, Touza M, Dacosta TJ

Role of nickel-regulated small RNA in modulation of Helicobacter pylori virulence factors

Freire de Melo F, Marques HS, Fellipe Bueno Lemos F, Silva Luz M, Rocha Pinheiro SL, de Carvalho LS, Souza CL,
Oliveira MV

Surgical intervention for acute pancreatitis in the COVID-19 era

Su YJ, Chen TH

11299

11313

ORIGINAL ARTICLE

Clinical and Translational Research

Screening of traditional Chinese medicine monomers as ribonucleotide reductase M2 inhibitors for tumor
treatment

Qin YY, Feng S, Zhang XD, Peng B

Case Control Study

Covered transjugular intrahepatic portosystemic stent-shunt vs large volume paracentesis in patients with
cirrhosis: A real-world propensity score-matched study

Dhaliwal A, Merhzad H, Karkhanis S, Tripathi D

Jaishideng®

WJCC | https://www.wjgnet.com I November 6,2022 | Volume10 | Issue 31



Contents

World Journal of Clinical Cases

Thrice Monthly Volume 10 Number 31 November 6, 2022

11325

11338

11349

11358

11371

11381

11391

11403

11411

11419

11427

Retrospective Cohort Study

Endoscopic submucosal tunnel dissection for early esophageal squamous cell carcinoma in patients with
cirrhosis: A propensity score analysis

Zhu LL, Liu LX, Wu JC, Gan T, Yang JL

Retrospective Study
Nomogram for predicting overall survival in Chinese triple-negative breast cancer patients after surgery

Lin WX, Xie YN, Chen YK, Cai JH, Zou J, Zheng JH, Liu YY, Li ZY, Chen YX

Early patellar tendon rupture after total knee arthroplasty: A direct repair method
Li TJ, Sun JY, Du YQ, Shen JM, Zhang BH, Zhou YG

Coxsackievirus A6 was the most common enterovirus serotype causing hand, foot, and mouth disease in
Shiyan City, central China

Li JF, Zhang CJ, Li YW, Li C, Zhang SC, Wang SS, Jiang Y, Luo XB, Liao XJ, Wu SX, Lin L

Dynamic changes of estimated glomerular filtration rate are conversely related to triglyceride in non-
overweight patients

Liu SQ, Zhang XJ, Xue Y, Huang R, Wang J, Wu C, He YS, Pan YR, Liu LG

C-reactive protein as a non-linear predictor of prolonged length of intensive care unit stay after
gastrointestinal cancer surgery

Yan YM, Gao J, Jin PL, Lu JJ, Yu ZH, Hu Y

Clinical Trials Study

Dan Bai Xiao Formula combined with glucocorticoids and cyclophosphamide for pediatric lupus nephritis:
A pilot prospective study

Cao TT, Chen L, Zhen XF, Zhao GJ, Zhang HF, Hu Y

Observational Study

Relationship between lipids and sleep apnea: Mendelian randomization analysis

Zhang LP, Zhang XX

Efficacy and safety profile of two-dose SARS-CoV-2 vaccines in cancer patients: An observational study in
China

Cai SW, Chen JY, Wan R, Pan DJ, Yang WL, Zhou RG

Prospective Study

Pressure changes in tapered and cylindrical shaped cuff after extension of head and neck: A randomized
controlled trial

Seol G, Jin J, Oh J, Byun SH, Jeon Y

Randomized Controlled Trial

Effect of intradermal needle therapy at combined acupoints on patients’ gastrointestinal function following
surgery for gastrointestinal tumors

Guo M, Wang M, Chen LL, Wei FJ, Li JE, Lu QX, Zhang L, Yang HX

JBaishideng®

WJCC | https://www.wjgnet.com I November 6,2022 | Volume10 | Issue3l |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 31 November 6, 2022

SYSTEMATIC REVIEWS

11442  Video-assisted bystander cardiopulmonary resuscitation improves the quality of chest compressions
during simulated cardiac arrests: A systemic review and meta-analysis

Pan DF, Li ZJ, Ji XZ, Yang LT, Liang PF

META-ANALYSIS

11454  Efficacy of the femoral neck system in femoral neck fracture treatment in adults: A systematic review and
meta-analysis

Wu ZF, Luo ZH, Hu LC, Luo YW

11466  Prevalence of polymyxin-induced nephrotoxicity and its predictors in critically ill adult patients: A meta-
analysis

Wang JL, Xiang BX, Song XL, Que RM, Zuo XC, Xie YL

CASE REPORT

11486  Novel compound heterozygous variants in the LHX3 gene caused combined pituitary hormone deficiency:
A case report

Lin SZ, Ma QJ, Pang OM, Chen QD, Wang WQ, Li JY, Zhang SL

11493  Fatal bleeding due to an aorto-esophageal fistula: A case report and literature review

Ceranié D, Nikoli¢ S, Lucev J, Slani¢ A, Bujas T, Ocepek A, Skok P

11500 Tolvaptan ameliorated kidney function for one elderly autosomal dominant polycystic kidney disease
patient: A case report

Zhou L, Tian Y, Ma L, Li WG

11508  Extensive right coronary artery thrombosis in a patient with COVID-19: A case report
Dall’Orto CC, Lopes RPF, Cancela MT, de Sales Padilha C, Pinto Filho GV, da Silva MR

11517  Yokoyama procedure for a woman with heavy eye syndrome who underwent multiple recession-resection
operations: A case report

Yao Z, Jiang WL, Yang X

11523  Rectal cancer combined with abdominal tuberculosis: A case report

Liu PG, Chen XF, Feng PF

11529  Malignant obstruction in the ileocecal region treated by self-expandable stent placement under the
fluoroscopic guidance: A case report

Wu Y, Li X, Xiong F, Bao WD, Dai YZ, Yue LJ, Liu Y

11536  Granulocytic sarcoma with long spinal cord compression: A case report

Shao YD, Wang XH, Sun L, Cui XG

11542 Aortic dissection with epileptic seizure: A case report

Zheng B, Huang XQ, Chen Z, Wang J, Gu GF, Luo XJ

Bishidenge WVJCC | https://www.wjgnet.com 111 November 6,2022 | Volume10 | Issue3l |



World Journal of Clinical Cases

Contents

Thrice Monthly Volume 10 Number 31 November 6, 2022

11549

11555

11561

11567

11574

11579

11585

11590

11597

11607

11617

11625

11630

11638

Multiple bilateral and symmetric C1-2 ganglioneuromas: A case report

Wang S, Ma JX, Zheng L, Sun ST, Xiang LB, Chen Y

Acute myocardial infarction due to Kounis syndrome: A case report

Xu GZ, Wang G

Surgical excision of a large retroperitoneal lymphangioma: A case report

Park JH, Lee D, Maeng YH, Chang WB

Mass-like extragonadal endometriosis associated malignant transformation in the pelvis: A rare case report

Chen P, Deng Y, Wang QQ, Xu HW

Gastric ulcer treated using an elastic traction ring combined with clip: A case report

Pang F, Song YJ, Sikong YH, Zhang AJ, Zuo XL, Li RY

Novel liver vein deprivation technique that promotes increased residual liver volume (with video): A case
report

Wu G, Jiang JP, Cheng DH, Yang C, Liao DX, Liao YB, Lau WY, Zhang Y

Linear porokeratosis of the foot with dermoscopic manifestations: A case report

Yang J, Du YQ, Fang XY, Li B, Xi ZQ, Feng WL

Primary hepatic angiosarcoma: A case report

Wang J, Sun LT

Hemorrhagic shock due to ruptured lower limb vascular malformation in a neurofibromatosis type 1
patient: A case report

Shen LP, Jin G, Zhu RT, Jiang HT

Gastric linitis plastica with autoimmune pancreatitis diagnosed by an endoscopic ultrasonography-guided
fine-needle biopsy: A case report

Sato R, Matsumoto K, Kanzaki H, Matsumi A, Miyamoto K, Morimoto K, Terasawa H, Fujii Y, Yamazaki T, Uchida D,
Tsutsumi K, Horiguchi S, Kato H

Favorable response of primary pulmonary lymphoepithelioma-like carcinoma to sintilimab combined with
chemotherapy: A case report

Zeng SY, Yuan J, Lv M

Benign paroxysmal positional vertigo with congenital nystagmus: A case report

Li GF, Wang YT, Lu XG, Liu M, Liu CB, Wang CH

Secondary craniofacial necrotizing fasciitis from a distant septic emboli: A case report

Lee DW, Kwak SH, Choi HJ

Pancreatic paraganglioma with multiple [ymph node metastases found by spectral computed tomography:
A case report and review of the literature

Li T, Yi RQ, Xie G, Wang DN, Ren YT, Li K

JBaishideng®

WJCC | https://www.wjgnet.com X November 6,2022 | Volume10 | Issue 31



Contents

World Journal of Clinical Cases

Thrice Monthly Volume 10 Number 31 November 6, 2022

11646

11652

11658

Apnea caused by retrobulbar anesthesia: A case report

Wang YL, Lan GR, Zou X, Wang EQ, Dai RP, Chen YX

Unexplained septic shock after colonoscopy with polyethylene glycol preparation in a young adult: A case
report

Song JJ, Wu CJ, Dong YY, Ma C, Gu Q

Metachronous isolated penile metastasis from sigmoid colon adenocarcinoma: A case report

Yin GL, Zhu JB, Fu CL, Ding RL, Zhang JM, Lin Q

JBaishideng®

WJCC | https://www.wjgnet.com X November 6,2022 | Volume10 | Issue3l |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 10 Number 31 November 6, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Muhammad Hamdan Gul, MD, Assistant Professor,
Department of Internal Medicine, University of Kentucky, Chicago, IL 60657, United States.
hamdan3802@hotmail.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 abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central,
Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology
Journal Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021
impact factor (IF) for WJCC as 1.534; IF without journal self cites: 1.491; 5-year IF: 1.599; Journal Citation Indicator:
0.28; Ranking: 135 among 172 journals in medicine, general and internal; and Quartile category: Q4. The WJCC's

CiteScore for 2021 is 1.2 and Scopus CiteScore rank 2021: General Medicine is 443/826.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: X# Guo; Production Department Director: Xiang I.i; Editorial Office Director: Jin-Iei Wang.

NAME OF JOURNAL
World Journal of Clinical Cases

ISSN
ISSN 2307-8960 (online)

LAUNCH DATE
April 16,2013

FREQUENCY
Thrice Monthly

EDITORS-IN-CHIEF

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja
Hyeon Ku

EDITORIAL BOARD MEMBERS

https:/ /www.wjgnet.com/2307-8960/editorialboard.htm

PUBLICATION DATE
November 6, 2022

COPYRIGHT
© 2022 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wijgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wjgnet.com/bpg/Gerlnfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https:/ /www.wijgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS

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

PUBLICATION MISCONDUCT

https:/ /www.wignet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/bpg/getinfo/242
STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

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@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com XI

November 6,2022 | Volume 10 |

Issue 31


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.i31.11283

World Journal of
Clinical Cases

World | Clin Cases 2022 November 6; 10(31): 11283-11291

ISSN 2307-8960 (online)

MINIREVIEWS

Role of nickel-regulated small RNA in modulation of Helicobacter
pylori virulence factors

Fabricio Freire de Melo, Hanna Santos Marques, Fabian Fellipe Bueno Lemos, Marcel Silva Luz, Samuel Luca
Rocha Pinheiro, Lorena Sousa de Carvalho, Claudio Lima Souza, Marcio Vasconcelos Oliveira

Specialty type: Gastroenterology
and hepatology

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

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Deng K, China; Mi Y,
China

Received: July 7, 2022

Peer-review started: July 7, 2022
First decision: July 31, 2022
Revised: August 14, 2022
Accepted: September 6, 2022
Article in press: September 6, 2022
Published online: November 6,
2022

Jaishideng®

WJCC | https://www.wjgnet.com

Fabricio Freire de Melo, Fabian Fellipe Bueno Lemos, Marcel Silva Luz, Samuel Luca Rocha
Pinheiro, Lorena Sousa de Carvalho, Claudio Lima Souza, Marcio Vasconcelos Oliveira,
Institution Multidisciplinar em Saude, Universidade Federal da Bahia, Vitoria da Conquista
45029-094, Brazil

Hanna Santos Marques, Campus Vitoria da Conquista, Universidade Estadual do Sudoeste da
Bahia, Vitoria da Conquista 45083-900, Brazil

Corresponding author: Fabricio Freire de Melo, PhD, Professor, Institution Multidisciplinar em
Satde, Universidade Federal da Bahia, Rua Horminio Barros 58, Vitoria da Conquista 45029-
094, Brazil. freiremeloufba@gmail.com

Abstract

Helicobacter pylori (H. pylori) is a Gram-negative bacterium that infects about half
of the world's population. H. pylori infection prevails by several mechanisms of
adaptation of the bacteria and by its virulence factors including the cytotoxin
associated antigen A (CagA). CagA is an oncoprotein that is the protagonist of
gastric carcinogenesis associated with prolonged H. pylori infection. In this sense,
small regulatory RNAs (sRNAs) are important macromolecules capable of
inhibiting and activating gene expression. This function allows sRNAs to act in
adjusting to unstable environmental conditions and in responding to cellular
stresses in bacterial infections. Recent discoveries have shown that nickel-
regulated small RNA (NikS) is a post-transcriptional regulator of virulence
properties of H. pylori, including the oncoprotein CagA. Notably, high concen-
trations of nickel cause the reduction of NikS expression and consequently this
increases the levels of CagA. In addition, NikS expression appears to be lower in
clinical isolates from patients with gastric cancer when compared to patients
without. With that in mind, this minireview approaches, in an accessible way, the
most important and current aspects about the role of NikS in the control of
virulence factors of H. pylori and the potential clinical repercussions of this
modulation.

Key Words: Helicobacter pylori; Small regulatory RNAs; Nickel-regulated small RNA;
Virulence factors; Cytotoxin associated antigen A; Gastric cancer
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Core Tip: This paper aims to review current information about the role of nickel-regulated small RNA
(NikS) in the modulation of main Helicobacter pylori virulence factors, specially cytotoxin associated
antigen A (CagA), which is crucial to gastric cancer development. Here we explore what is the most
important about the epigenetic processes involved in the interaction between nickel levels, NikS, and
CagA and their potential clinical repercussions.

Citation: Freire de Melo F, Marques HS, Fellipe Bueno Lemos F, Silva Luz M, Rocha Pinheiro SL, de Carvalho
LS, Souza CL, Oliveira MV. Role of nickel-regulated small RNA in modulation of Helicobacter pylori virulence
factors. World J Clin Cases 2022; 10(31): 11283-11291

URL: https://www.wjgnet.com/2307-8960/full/v10/i31/11283.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i31.11283

INTRODUCTION

Helicobacter pylori (H. pylori) is a microaerophilic, Gram-negative, helical-shaped bacterium that inhabits
the gastric environment of 60.3% of the world’s population[1,2]. The infection is associated with the
development of chronic gastritis, gastric and duodenal peptic ulcer, gastric adenocarcinoma, and gastric
mucosa-associated lymphoid tissue (MALT) lymphomal[3]. In order to achieve a successful colonization,
H. pylori must take advantage of some pathogenicity mechanisms, such as motility, adherence, manipu-
lation of the gastric microenvironment, and virulence factors, of which we highlight cytotoxin
associated antigen A (CagA), vacuolating cytotoxin A (VacA), and outer membrane proteins (OMPs). In
this sense, the classification of this bacterium as a class I carcinogen is mostly due to the pro-oncogenic
role of these virulence factors, especially CagA[4]. This oncoprotein is capable of inducing genetic,
epigenetic, and morphological changes in gastric cells, including alterations of cell polarity and
cytoskeleton, leading to "hummingbird" phenotype and promotion of genomic instability, which favor
carcinogenesis[5-8]. In this regard, it has been recently discovered that nickel-regulated small RNA
(NikS) plays a key role in gene expression during H. pylori infection, given that, through base pairing, it
is able to repress CagA and VacA at the post-transcriptional level[9,10]. Notably, the expression of this
sRNA is modulated by the nickel-responsive transcriptional regulator (NikR), consequently rendering
H. pylori virulence factor expression dependent on nickel levels[10]. Therefore, considering that these
virulence factors are associated with the onset of a carcinogenic process, the possible correlation
between NikS expression and the development of gastric diseases secondary to H. pylori infection,
including gastric carcinoma and MALT lymphoma, is indisputable. The present paper is a minireview
that aims to gather, through an accessible perspective, important and current information regarding the
role of a small regulatory RNA (sRNA), NikS, in the control of virulence factors of H. pylori, addressing
the epigenetic processes involved and the potential clinical repercussions of this modulation.

SMALL REGULATORY RNAS

sRNAs are effective regulatory macromolecules that are able to modulate protein expression and
function in response to environmental factors, such as pH, temperature, and metabolite concentration
[11]. These post-transcriptional regulators of gene expression play a pivotal role in successful bacterial
colonization and stress response, given that they enable metabolic adaptation to the host microenvir-
onment and regulate the expression of virulence factors[12]. The three main classes of SRNAs comprise:
(1) Cis-encoded antisense sRNAs; (2) Trans-encoded sRNAs; and (3) sSRNAs that modify protein activity
(Table 1)[13]. Cis-encoded antisense sRNAs are synthesized from the complementary strand of the
mRNA that they modulate. Indeed, these regulators have been strongly associated with the repression
of bacterial toxic proteins, through inhibition of primer maturation, transcriptional attenuation, and
translational repression or promotion of RNA degradation[14,15]. In contrast, trans-encoded sRNAs are
transcribed from a promoter somewhere else on the bacterial chromosome and are only partly comple-
mentary to their target mRNAs[16]. In general, this class of SRNAs mainly interfere with translational
initiation and/or elongation, e.g., by pairing to ribosome binding sites or translational enhancers. The
translation impairment frequently leads to degradation of the mRNA, since it can be more easily
targeted by ribonucleases (RNases)[17]. Lastly, sSRNAs that modify protein activity are known to
modulate protein activity by a mimicking mechanism and thus compete with RNA and DNA targets
[13]. These mechanisms are described to utilize several auxiliary proteins, including RNases and
ribosome-binding proteins. The Hfq RNA chaperon protein, for example, is strongly associated with the
base-pairing between trans-encoded RNAs and their target mRNAs, hence acting in the regulation of
virulence factors in Gram-negative bacteria[18].
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Table 1 Regulatory bacterial SRNA groups and their characteristics

SRNA group Characteristics Ref.

Cis-encoded sRNAs Repress genes encoding toxic proteins Brantl[15]

Trans-encoded sRNAs Modulate mRNA stability and translation Brantl[15], Brantl and Miiller[16]
sRNAs that modify protein activity Mimic proteins and compete with RNA and DNA targets Svensson and Sharma[17]

Jaishideng®

Thus, as mentioned above, post-transcriptional regulatory macromolecules known as sRNAs can
stimulate or inhibit gene expression, playing a key role in bacterial infection through its three distinct
groups, ranging from preventing ribosomal binding to modifying protein activities.

ROLE OF SRNAS IN BACTERIAL PATHOGENS

Hosts have evolved refined techniques to sense and react against pathogens, such as recognition of
pathogen-associated molecular patterns that promotes activation of Toll-like receptors[19]. In this sense,
the decisive pathogen’s actions for the infection's success are a faster response and efficient adjustment
to a continuously changing hostile environment. Those responses are regulated by sRNAs, due to their
flexibility to target a plethora of genes or transcription factors, influencing many ambits of expression
and responses to environmental stress[20]. Besides this, sSRNAs do not require translation, which means
a lower energy consumption for the pathogen[21].

As mentioned above, when entering the host, the bacterium faces diverse innate immunity barriers
including: Temperature, pH, changes in nutrient availability, and physical barriers. It is during these
circumstances when the varied toolkit of activities of SRNAs perform their roles for pathogen’s survival
[22]. These functions can be grouped in two main related fields: Management of biological processes,
such as temperature response, biofilm formation, quorum sensing and virulence, and regulation of
responses vs host barriers to infection, e.g., acidic pH, inflammation, and nutritional immunity[21].

Regarding the temperature response, it is known that pathogens have to evade the hyperthermia
feedback during inflammation[23]. According to studies, an intense involvement of sRNAs in
temperature adaptation has been noticed, helping the bacteria to regulate faster their physiology facing
environmental thermal disorders[6]. For example, in analysis of Borrelia burgdorferi, responsible for
Lyme disease, it was observed that a large set of SRNAs were entangled in regulation of genes involved
in adaptation to pyrexia and identification of the molecular scheme to trigger according to environment
[24].

Concerning biofilm formation, it is established that it requires coordination of quorum sensing
mechanisms to succeed. In P. aeruginosa, researchers found a group of sRNAs, specially RhlS, that bind
to the 5" untranslated region (UTR) of rhll mRNA and stabilizes it, which is Hfq dependent, resulting in
the activation of biofilm genes according to the state of infection and offering additional protection
against the host immune system[25].

The role of sSRNAs in pathogen’s virulence is also well-represented in P. aeruginosa. The gene RpoS
commands a diverse number of virulence related genes, and its translation has been observed to be
regulated by the sSRNA Real, also a Hfq dependent base pairing apparatus, refining the bacterial
virulence factors[26].

In the second category group, one of the first barriers to infection is the acidic pH. To overcome the
acidic environment of the human stomach and to reach out host cells, for example, it involves several
colonization factors like motility and chemotaxis[14]. In this context, H. pylori has sSRNAs like RepG and
5’ureB that regulate expression of chemotaxis receptors contributing to stomach colonization[27,28] and
linking urease production to surrounding pH[29].

A recent study reported that extreme conditions related to the stress caused by the host inflammatory
response during oxidative burst, induces a heavy expression of RsaC, a sSRNA of Staphylococcus aureus,
avoiding the synthesis of an ineffective enzyme (sodA)[30]. The RsaC attaches to the start codon of the
sodA mRNA, committed in protection against reactive oxygen species, leading to repression of this
enzyme and allowing the transcription of a second enzyme, sodM, that uses iron as cofactor instead of
manganese, recovering the oxidative protection[21]. Therefore, it is firmly established that SRNAs are
key players in the adjustment to unstable environmental conditions and response to distinct cellular
stresses.
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POST-TRANSCRIPTIONAL REGULATION OF H. PYLORI VIRULENCE FACTORS BY NIKS

Recently, it was reported that the post-transcriptional regulation of H. pylori virulence factors depends
on NikS. NikS has been described to act through base pairing in the 5' UTR or coding sequence (CDS) of
target mRNAs to repress gene expression, including the CagA oncoprotein[31]. In the past, NikS was
believed to act as a cis-acting sSRNA, however, Eisenbart et al[10] analyzed nucleotides upstream of
transcriptional start sites of putative SRNAs and antisense RNAs and observed that NikS expression
changed according to the length of a stretch of thymines (T) in the promoter region and these findings
contrasted with the premise that NikS acted as a cis-acting SRNA[32]. Once it has been clarified that H.
pylori also has trans sSRNAs, it is important to highlight that they usually form a base pairing in the 5'
UTR or RNA encoding target mRNAs modulating gene expression at the post-transcriptional level[18].
Eisenbart et al[10] also demonstrated in their NikS study that the thymine stretch of the NikS-10 box
varies in different strains of H. pylori and this in turn has the potential to alter the spacing between box-
10 and other promoter elements. Subsequently, the authors employed Northern blot analysis in the
study which revealed differences in NikS expression from 16 to 7 Ts with the lowest expression at 12 Ts.
This finding further corroborated the idea that NikS transcription suffers effects from the length
variation of hypermutable single sequence repeats[10].

In this sense, Eisenbart et al[10] demonstrated that NikS represses the expression of the main
virulence factors produced by H. pylori (CagA and VacA) and three additional factors (HofC, HorF, and
HPG27_1238) related to the pathogenicity of the G27 strain, through interactions of base pairing[6].
Completely, Kinoshita-Daitoku et al[32] were responsible for one of the main current studies on NikS.
They identified eight factors downregulated by NikS including CagA, HofC, HELPY_1262, HP0410,
HorB, OMP14, HopE, and HP1227 and noted that the impact on the regulation of CagA expression
stood out among the other factors[32]. Since the regulatory process performed by NikS acts on target
mRNAs repressing or activating post-transcriptional gene expression, it is important to say that H. pylori
resorts to endoribonucleases such as RNase III so that the sSRNAs degrade the target mRNA leading to
translation inhibition[18]. In this aspect, Kinoshita-Daitoku et al[32] also reported that NikS regulates the
oncoprotein CagA by binding to multiple binding sequences present in its CDS region causing mRNA
degradation by RNase III. Furthermore, the authors observed that NikS binding to CagA mRNA
regulated the amount of interleukin-8 (IL-8) secreted in H. pylori infection, indicating that NikS acts in
the functional control of CagA[32].

Moreover, it is known that VacA is a multifunctional toxin, which stands out mainly for cell
vacuolation. In this sense, the repression of this virulence factor can impact the persistence of H. pylori
infection[33]. The expression of OMPs in H. pylori strains, in turn, also contributes to bacterial
pathogenicity through different mechanisms, such as adhesion, penetration of the defense barrier, and
evasion of the immune system. In this sense, by repressing the biosynthesis of OMPs, such as HofC and
HorF, the adhesion and colonization processes can be compromised[34].

Finally, it is important to mention that the integration between nickel availability and NikS
expression is performed through the NikR[35]. When cytoplasmic nickel concentrations reach a certain
threshold, the NikR protein represses nickel import mechanisms in order to control the availability of
the metal and achieve the necessary homeostasis[36]. However, NikR also regulates the expression of
other genes associated with nickel homeostasis by binding to NikR operators in the promoter or
upstream regions[37]. For example, NikR has been shown to bind directly to the NikS promoter, being a
key player in controlling NikS expression. In addition, researchers analyzed how strains with varying
sizes of T stretch in the promoter region responded to changes in nickel concentration or NikR deletion.
Their results showed that the addition of nickel caused a 2- to 10-fold decrease in NikS expression while
the deletion of NikR led to a 2-fold increase in NikS levels[6]. In this way, NikS is transcriptionally
repressed by nickel via NikR since NikR is able to ration nickel availability and reduced concentrations
of this metal imply higher levels of NikS, thereby inhibiting the expression of H. pylori virulence factors (
e.g. CagA) (Figure 1). Furthermore, NikS expression changed in nickel-added strains according to
different T stretch lengths, but there was no direct correlation between these two factors[6].

POTENTIAL CLINICAL REPERCUSSION OF MODULATION OF CAGA EXPRESSION VIA
POST-TRANSCRIPTIONAL CONTROL BY NIKS

CagA is a translocated effector protein that induces morphofunctional modifications in gastric epithelial
cells and an inflammatory response, which lead, respectively, to increased bacterial adhesion and
nutrient uptake[38,39] (Figure 2). This oncoprotein is encoded by the CagA gene, which is a marker of
the cag PAI, a 40 kb DNA fragment that contains about 31 genes and is present in more virulent strains
of H. pylori. Some genes on this mobile region of the chromosome encode proteins that form a type IV
secretion system, which is responsible for translocating the CagA protein into the cytoplasm of host cells
[40-44]. The C-terminal region of CagA has a variable number of Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs,
which serve as tyrosine phosphorylation sites. Once it reaches the host cell cytosol, the EPIYA sites of
the effector protein are phosphorylated by Src family kinases such as s-Src, Fyn, Lyn, and Yes or by Abl
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Figure 1 Nickel-regulated small RNA regulates the expression of cytotoxin associated antigen A depending on nickel availability. NikR:
Nickel-responsive transcription factor; NikS: Nickel-regulated SRNA; CagA: Cytotoxin-associated gene A.
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kinases[45,46]. Afterward, CagA acts as a promiscuous scaffold protein that simultaneously disturbs
multiple intracellular signaling cascades, involved in regulation of a large range of cellular processes,
including proliferation, differentiation, and apoptosis[47].

Phosphorylated CagA is able to stimulate cell proliferation through the activation of promitogenic
signaling pathways. Among these, we highlight the activation of the ERK-MAPK pathway through
binding to the Src-homology domain 2 and consequent activation of SHP-2[48]. This process also leads
to alterations in the cytoskeleton, which induces host cell elongation and change to the recognized
"hummingbird" phenotype[7,8,49]. In addition, CagA causes disruption of cell polarity by interaction
with the serine-threonine kinase Par-1b and disturbs cell junction-mediated functions[8,47]. This
virulence factor is also able to reduce apoptosis in gastric epithelial cells, through the inhibition of tumor
suppressor factors such as p53 and RUNX3[50-53]. These direct effects of CagA on epithelial cells could
be related to the development of precancerous lesions, since carcinoma development has been observed
in animal models even in the absence of inflammation[54-56]. Nevertheless, this effector protein was
reported to be able to induce the transcription factor NF-xB and IL-8, which are crucial determinants of
chronic inflammation and thus of the pathogenesis of peptic ulcer and gastric cancer[43,57]. At last,
CagA also induces genetic and epigenetic alterations in the host cells that lead to a pro-carcinogenic
environment|[7].

In this regard, some authors suggest that the modulation of CagA expression via post-transcriptional
control by NikS favors a more delicate equilibrium between induction of morphofunctional changes and
inflammatory response with its regulation, so as to establish a balance between eradication and nutrient
uptake[54]. Using in vitro infection studies, Eisenbart et al[10] demonstrated that possibly due to
increased CagA expression, G27 strains deficient in NikS show higher numbers of intracellular bacteria,
greater “hummingbird” phenotype induction in host cells, as well as increased epithelial barrier
disruption. From these findings, it is possible to infer that higher expression of NikS and, consequently,
lower synthesis and translocation of the oncoprotein, would reduce the CagA-induced morphofunc-
tional alterations in the host cell, such as apoptosis of epithelial cells, loss of cell polarity, and chronic
NF-xB-dependent inflammatory response, along with carcinogenesis. Interestingly, it was further
reported by Kinoshita-Daitoku et al[32] that NikS expression is lower in clinical isolates from gastric
cancer patients than in isolates derived from non-cancer patients, while the expression of NikS-targeted
virulence factors, including CagA, is higher in isolates from gastric cancer patients. Therefore, it is
possible to suggest a possible correlation between NikS expression and the onset of peptic ulcer and
gastric malignancies, such as gastric carcinoma and MALT lymphoma secondary to H. pylori infection.

FUTURE PERSPECTIVES ON REGULATION OF NIKS OVER H. PYLORI VIRULENCE

Considering that the regulatory role of NikS on H. pylori virulence factors is a recent discovery, there are
still few studies on the subject. However, the broad action of NikS on these virulence factors may be
strongly related to the risk of diseases derived from H. pylori infection. In this sense, one of the aims of
our group is to evaluate whether the variation of the number of Ts in the promoter region of the NikS
gene is associated with the risk of duodenal ulcer or gastric carcinoma in adults. However, further
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Figure 2 Simplified molecular mechanisms of cytotoxin associated antigen A mediated carcinogenesis. After the phosphorylation process,
cytotoxin associated antigen A acts as a promiscuous scaffold or hub protein that simultaneously disturbs multiple host signaling pathways, involved in regulation of a
large range of cellular processes, including proliferation, differentiation, and apoptosis. Moreover, cytotoxin associated antigen A is also able to induce NF-kB-
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studies are still required for better understanding the role of NikS in the pathogenesis of H. pylori, as
well as its possible relationship with other genes.

CONCLUSION

In summary, recent findings on sSRNA-mediated regulation of H. pylori infection revealed that increased
nickel concentrations lead to reduced NikS expression and this in turn up-regulates CagA levels. There
is still much to be clarified about the regulatory properties involved in H. pylori infection. However, it is
notable that CagA is the protagonist of gastric carcinogenesis and a deeper understanding of the
interaction between this virulence factor and sRNAs such as the nickel-dependent NikS is of utmost
importance for a broader understanding of the mechanisms involved in the control mediated by RNAs
in H. pylori and their association with gastric malignancies and other clinical conditions. Finally, given
the potential for heterogeneity of the bacterium, evolution of its strains, its pathogenicity, and the
emergence of therapeutic resistance of this pathogen, it is essential to periodically reassess the molecular
issues of the infection to achieve advances in the diagnosis and treatment of the disease.
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