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RESUMO

Introducio: O cancer cervical (CC) ¢ o terceiro tipo de cancer mais incidente entre mulheres,
no Brasil e para 2023 foram estimados mais de 17 mil casos, e cerca de 800 no estado do
Maranhao. Os fatores de pior prognostico estdo associados a uma menor taxa de sobrevida em
pacientes com este tipo de doenca. A expressao aberrante de RNAs nao codificantes (ncRNAs)
tem sido associados a estes fatores, apontando estas biomoléculas como potenciais
biomarcadores. Dentre os ncRNAs, destacam-se os RNAs longos nao codificantes (IncRNAs),
da classe SNHGs (small nucleolar host gene), os quais ainda sd@o pouco explorados no CC.
Objetivo: Identificar SNHGs relacionados com fatores de pior prognostico em cancer de
cervical, através de uma busca sistematica da literatura. Métodos: Este estudo foi conduzido
de acordo com o protocolo PRIMA-scR, o anagrama Picos, apos foi feita a busca literaria nas
fontes de pesquisa: PubMed, ScienceDirect, Lilacs e Medline, apos os critérios de inclusdo e
exclusdo, foram extraidas informag¢des como: nivel de expressdo, tipo de amostra, técnicas
abordadas, funcdo biologica, significado clinico, elementos alvos (microRNAs e vias)
regulados pelos SNHGs. Resultado: De um total de 3.803 estudos, foram selecionados 12 os
quais contemplaram 8 SNHGs, (GAS5, SNHG5, SNHG7, SNHG12, SNHG14, SNHG16,
SNHG17 e SNHG20) associados ao CC, todos exceto o GAS5 apresentaram uma
superexpressdo que foi associada com fatores de pior prognéstico como: proliferacéo,
migracdo, invasao, apoptose, metastase linfonodal, FIGO e tamanho do tumor, grau de
diferenciacdo no CC. Dos 8 SNHGs estudados, 7 SNHGs (SNHGS5, SNHG12, SNHG14,
SNHG16, SNHG17, SNHG20 e SNHG2/GASS) podem atuar como esponjas moleculares de
miRNAs. Conclusiao: No geral, esta familia de SNHGs faz parte de uma rede de interacao,
regulando vias importantes para a carcinogénese. Portanto, podem futuramente serem usados
como marcadores bioldgicos e alvos terapéuticos em suas amplas aplicagdes no diagnostico e
tratamento, sendo necessdrias mais pesquisas para a compreensao do papel dos SNHGs no

cancer cervical.

Palavras-Chave: LncRNAs, cancer cervical, SNHG. metastase, biomarcador.



ABSTRACT

Introduction: Cervical Cancer (CC) is the third most common type of cancer amongst women
in Brazil. More than 17,000 cases were estimated for 2023, with about 800 of them in the state
of Maranh&o. Worse prognostic factors are associated to a lower survival rate in patients with
this type of disease. The aberrant expression of non-coding RNAs (ncRNAS) has been
associated with these factors, pointing to these biomolecules as potential biomarkers. Among
the ncRNAs, we highlight the long non-coding RNAs (IncRNAs) of the class SNHGs (small
nucleolar host gene), which are still underexplored for CC. Objective: To identify SNHGs
related to worse prognostic factors in cervical cancer through a systematic literature search.
Methods: This study was conducted according to the PRISMA-scR protocol, using the PICO
strategy. Then, a literary search was carried out in the following sources: PubMed,
ScienceDirect, Lilacs and Medline. After the application of inclusion and exclusion criteria, we
extracted information such as: expression level, sample type, techniques addressed, biological
function, clinical significance, target elements (microRNAs and pathways) regulated by
SNHGs. Results: Out of a total od 3,803 studies, we selected 12 that contemplated 8 SNHGs
(GAS5, SNHG5, SNHG7, SNHG12, SNHG14, SNHG16, SNHG17 and SNHG20) associated
to CC. All, except for GAS5, presented an overexpression that was associated to worse
prognosis factors such as: proliferation, migration, invasion, apoptosis, lymph node metastasis,
FIGO and tumor size, degree of differentiation in CC. Out of the 8 SNHGs studied, 7 (SNHG5,
SNHG12, SNHG14, SNHG16, SNHG17, SNHG20 and SNHG2/GAS5) can act as molecular
sponges of miRNAs. Conclusion: Overall, this family of SNHGs is part of an interacting
network, regulating important pathways for carcinogenesis. Thus, in the future, they may be
used as biological markers and therapeutic targets in their wide applications in diagnosis and

treatment. Further research is necessary to understand the role of SNHGs in cervical cancer.

Keywords: LncRNAs, cervical cancer, SNHG, metastasis, biomarker.
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1. INTRODUCAO

O Cancer Cervical (CC) é o quarto tipo de cancer feminino mais comum no mundo.
Segundo dados publicados recentemente, estimou-se mundialmente o surgimento de 604.000
casos novos deste tipo de cancer para o ano de 2020 (SUNG et al., 2021). No Brasil, configura-
se como o terceiro tipo de cancer mais incidente entre mulheres. S&o esperados para cada ano
do triénio de 2023 a 2025, cerca de mais de 17 mil novos casos, correspondendo ao um risco
estimado de 15,38 casos a cada 100 mil mulheres. Nas regides Norte e Nordeste o CC é o
segundo mais incidente, em relacdo a regido Nordeste o0 estado do Maranhdo possui uma alta
taxa de incidéncia (21,71%) em relagdo aos demais estados e estima-se cerca de 800 novos
casos de CC para 0 ano 2023 (INCA 2023).

O CC tem origem em um lento processo de ruptura da maturacdo normal da zona de
transformac&o epitelial do cérvix uterino proximo a juncdo escamo colunar e é antecedido por
lesBes pré-cancerigenas conhecidas como neoplasias intraepiteliais cervicais (NIC) (BAVA SV
et al., 2016). Sua etiologia esta associada principalmente a infeccdo por HPV de alto risco (os
tipos 16 e 18), reconhecidos como os principais causadores dessas neoplasias cervicais, que
através da persisténcia viral podem levar ao desenvolvimento de lesdes pré-cancerigenas, que
sdo alteracdes nas células do colo do Gtero que ndo sdo cancerosas, mas tém o potencial de se
tornarem cancerosas se ndo forem tratadas. (FONSECA et al., 2022; SCHIFFMAN et al., 2007;
BHATLA et al., 2018).

Ressalta-se que nem todas as lesdes do colo do Gtero progridem para cancer invasivo
(DIAZ-GONZALEZ et al., 2015), porém na auséncia de sintomas especificos, a intima relagio
com a doenga e 0 nivel socioecondmico, muitos dos casos do CC sdo diagnosticados em
estadiamento avancado devido na demora de busca pelo tratamento (THOUMI et al., 2021,
SHERER et al., 2022). As op¢Oes de tratamento mais comuns para 0 CC incluem cirurgias,
radioterapia, quimioterapias, imunoterapia e terapia alvo. As escolhas ou combinagdes desses
tratamentos mais adequados vai variar de cada caso especifico que deve ser feita pelo médico
especialista (BHATLA N et al., 2021; SHERER et al., 2022; COHEN et al., 2019).

A ocorréncia de metastases esta amplamente associada a uma menor sobrevida nestas
pacientes, pois uma vez ocorrida seus mecanismos de a¢do ndo estdo totalmente esclarecidos
para que possamos ter taxas de sobrevida melhores nesta populacdo (ZHONG, YUE et al.,
2020; GONG, Y et al., 2019). Diante disso, torna-se importante compreender mecanismos

moleculares envolvidos no processo carcinogénese, um desses mecanismos envolvidos sdo 0s
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RNAs longos ndo codificantes (LncRNAS), que detém grande potencial em serem
biomarcadores e portanto, podem revelar novas vias de sinalizagdo auxiliando no prognostico
e tratamento mais adequado (HE, J et al., 2020; SHI, D et al., 2018; BHAN, A et al.,2017).

Os IncRNAs sdo moléculas endogenas de RNA de fita simples com mais de 200
nucleotideos, ndo-codificantes de proteinas, os quais sdo capazes de participar de Varios
processos biolégicos a niveis transcricional e pds-transcricional. Além disso, 0os INCRNAs
possuem funcionalidade de interagir com outras moléculas reguladoras, incluindo proteinas e
microRNAs, atuando como esponjas e afetando a expressao de seus alvos (CACERES-DURAN
et al., 2020; PENG WX et al., 2017). Estas biomoléculas ainda sdo pouco compreendidos e
podem estar envolvidos em diversos processos bioldgicos, sendo associados aos processos de
carcinogénese, progressdo tumoral, metastase, proliferacdo celular, invasdo, apoptose e o
desenvolvimento de resisténcia a quimioterapicos (BHAN et al., 2017).

Dentre as classes de IncCRNAs, podemos destacar os SNHGs, os quais tem sido
extensivamente estudados em varios tipos de canceres (NAJAFI et al., 2022; CHU et al., 2021).
Um exemplo dos SNHGs temos o GAS5 que é expresso de forma anormal em varias
malignidades humanas (YANG et al., 2020). O GAS5 ¢ identificado como supressor tumoral,
sendo regulado negativamente e participa de maltiplas funcGes bioldgicas, como proliferacao
celular, apoptose, migracdo, invasdo e transicdo epitelial-mesenquimal (EMT) em cancer
humano (YU et al., 2019; LIN et al., 2022). Em relacdo ao CC, este tipo de IncRNA ainda tem
sido pouco explorada, mas alguns trabalhos apontam sobre o seu potencial papel como
biomarcador. Desta forma, este trabalho tem como objetivo identificar os SNHGs relacionados
com fatores de pior progndstico no CC, através de uma busca sistemética da literatura.

2. REFERENCIAL TEORICO

2.1 Cancer Cervical
Céncer é o nome geral dado a um conjunto de mais de 100 doencas, que tém em
comum a divisdo e crescimento desordenado de células cancerosas, determinando a formacao
de tumores que tendem a invadir tecidos e 0rgéos vizinhos (INCA, 2022).
O Cancer Cervical (CC) é a neoplasia mais comum em mulheres, excluindo tumores de
pele ndo melanoma e mama, sendo a quarta causa de mortes por esta doenga (7,3%) comparada

a todos os outros tipos de canceres femininos (GLOBOCAN, 2020). Em 2020, a estimativa de
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CC foi de mais 600.000 novos casos e 342.000 mortes em todo o mundo. Embora a incidéncia
e a mortalidade relacionadas a esse cancer tenham diminuido nos altimos anos, devido a
disponibilidade de programas de rastreamento, esta neoplasia maligna é configurada como os
tipos de canceres mais comumente diagnosticados em 23 paises e € a principal causa de morte
por cancer em 36 paises. Com maiores taxas de incidéncia e mortalidade registradas em paises
africanos. A Figura 1 mostra os dados das estimativas de incidéncia e mortalidade por CC em
2020 (SUNG H et al., 2021; J FERLAY et al., 2020).

Figura 1. Estimativas de incidéncia e mortalidade por CC no mundo em 2020.

Taxas estimadas de incidéncia e mortalidade padronizadas por idade (Mundo) em 2020, Mundc
ambos os sexos, todas as idades (excl. NMSC)

Breast
Prostate
Lung
Colorectum
Cervix uteri
Stomach

Liver

Incidence

Corpus uteri
B Mortality

Ovary
Thyroid

0 10 20 30 40

Data source:GLOBOCAN 2020 ASR (World) per 100 000

Graph production: Glebal Cancer Observatory (http://gco.iarcir/) ™
D International Agency for Research on Cancer 2023 ~ ) Sranaaten

Dados divulgados pelo Instituto Nacional de Céancer, no Brasil o CC o terceiro cancer
mais incidente em mulheres, para o triénio 2023/2025 estima-se 17.010 novos casos,
representando um risco considerado de 13,25 casos para cada 100 mil mulheres. Configura-se
como segundo mais incidente nas regides Norte (20,48/100 mil) e Nordeste (21,71/100 mil).
Na Regido Centro-oeste (16,66/100 mil), ocupa a terceira posi¢do; na Regido Sul (14,55/100
mil), a quarta e na quinta posicdo a Regido Sudeste com 12,93/100 mil mulheres. A Figura 2
apresenta 0 mapa de incidéncia de CC em cada estado do Brasil destacando os Estados com

maiores indicies para 2023, esses dados estdo expressos em 100 mil mulheres.
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Figura 2. Incidéncia de cancer cervical no Brasil, para 2023.
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Fonte: INCA 2022

0 que compromete o tecido subjacente (estroma) e pode invadir estruturas e 6rgdos proximos
ou a distancia. Essa doenca possui duas categorias, tais como: carcinoma epidermoide, cerca de
90% dos casos, e 0 adenocarcinoma, cancer raro e que acomete o epitélio glandular (BRASIL,
2022).

O CC tem origem em um lento processo de ruptura da maturagdo normal da zona de
transformacao epitelial do cérvix uterino proximo a juncdo escamo colunar e é antecedido por
lesGes pré-cancerigenas conhecidas como neoplasias intraepiteliais cervicais (NIC) que séo
classificadas histologicamente com base nos aspectos morfoldgicos e progressivos das células
epiteliais em: Leséo Intraepitelial escamosa de baixo grau (LSIL): NIC I/ displasia leve; Lesdo
intraepitelial escamosa de alto grau (HSIL): NIC Il displasia moderada; NIC Il displasia
severa, carcinoma in situ, na qual pode evoluir para um cancer invasivo (ALRAJJAL A et al.,
2021; BAVA SV et al., 2016). Sua etiologia esta associada a infeccdo papilomavirus humano
(HPV) de alto risco principalmente os tipos 16 e 18, reconhecidos como principais causadores
das displasias cervicais, que através da persisténcia viral e consequente progressao das células
infectadas para pré-cancer que futuramente podem promover para 0 cancer invasivo
(SCHIFFMAN et al., 2007.; BHATLA et al., 2018).

16



Apesar de mais de 90% dos casos de CC serem causados por infeccdo persistente do
HPV, este ndo é o suficiente para induzir a malignidade sendo necessarios associagfes com
outros cofatores de risco: inicio precoce da atividade sexual e maltiplos parceiros, tabagismo,
a associacdo com Sindrome da Imunodeficiéncia Adquirida (Aids), uso prolongado de pilulas
anticoncepcionais (GUL; MURAD; JAVED, 2015).

A maioria das lesbes do colo do Utero ndo progridem para um cancer invasivo, pois
existe uma elevada chance de prevencdo atraves da vacinacdao contra o HPV, facilidade de
detectar precocemente as alteracGes atraves do exame citopatoldgico, viabilizando diagnostico
rapido e tratamento eficaz. Porém, nos estadios iniciais da doenca a cura se justifica pela
evolugdo lenta da doenga, a mesma se manifesta de forma assintomatica (chegando a durar
cerca de 10 a 30 anos para 0 aparecimento das primeiras lesdes), evoluindo para quadro
avancado incluem hemorragia vaginal, dor pélvica, corrimento vaginal e dor durante o sexo,
perda de peso, fadiga, dor abdominal acompanhadas por queixas urinarias, entre outros (DIAZ-
GONZALEZ, et al., 2015; MARTH C et al., 2017).

Quanto ao tratamento padréo para essa doenca maligna pode ser composto por cirurgias,
quimioterapia, radioterapia, imunoterapia e terapia alvo sendo que a escolha do tipo de
intervencdo dependera do estadiamento da doenca e fatores pessoais, como idade e desejo de
ter filhos ( HILL EK, 2020; COHEN et al., 2019). Infelizmente, a demora na busca de um
diagndstico precoce muitas mulheres apresentam doenca em estagio metastatico e o tratamento
curativo ndo é mais alcancavel, o que torna desafiador, pois a metastase estar associada a uma
menor sobrevida da paciente e ainda ndo existem tratamentos eficazes para prevenir e inibi-la
devido aos seus mecanismos de acdo que ainda ndo estdo totalmente esclarecidos (ZHONG,
YUE et al., 2020; GONG, Y et al., 2019).

O CC ¢ classificado de acordo com o Sistema TNM (Classification of Malignant
Tumours), usado para classificar tumores malignos, com base na extenséo anatémica da doenca.
Essa classificacdo leva em conta, a avaliacdo de trés componentes: T — a extensdo do tumor
primario, N — a auséncia ou presenca e a extensdo de metastase em linfonodos regionais e M —
a auséncia ou presenca de metastase a distancia. O estadiamento da FIGO (International
Federation of Gynecology and Obstetrics) é baseado em informacdes clinicas, cirdrgicas e
radiogréaficas, em todo o mundo é amplamente utilizada para ajudar a padronizar a classificacao
e a determinar a gravidade do CC, podendo direcionar qual o melhor tratamento para a paciente
(SALEH et al., 2020; BHATLA et al., 2021). Seguindo as Ultimas alteracdes na classificagdo
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da FIGO que foram implementadas em 2018 pelo seu comité para oncologia ginecoldgica se

classificam em quatro estadios de acordo coma Tabela 2 (BHATLA et al., 2018).

Tabela 1: Estadiamento da FIGO do cancer cervical (2018)

Estagio Descricéo
Carcinoma confinado ao colo do Gtero (deve-se desconsiderar a extensdo em
! relacdo ao corpo uterino)
A Carcinoma diagnosticado apenas por microscopia, com invasdo do estroma < 5
mm de profundidade*
1ALl Invasdo mensurada de estroma < 3 mm de profundidade
1A2 Invasdo mensurada de estroma > 3 mm e < 5 mm de profundidade
Invasdo medida > 5 mm (maior que o estadio IA) com lesdo limitada ao colo do
® atero.
IB1 Lesdes < 2 cm na maior dimensdo
IB2 Lesdes > 2 e 4 cm na maior dimensdo
IB3 Lesdes > 4 cm na maior dimensao
Extensdo além do Gtero, mas ndo até a parede pélvica ou até o terco inferior da
' vagina
A Limitado a 2/3 superiores da vagina sem envolvimento parametrial 6bvio
Al Lesdo <4 ¢m na maior dimensao
[1A2  Lesdo >4 cm na maior dimenséo
1B Envolvimento parametrial, mas ndo até a parede pélvica
Extenséo até a parede pélvica e/ou envolvimento do terco inferior da vagina, e/ou
11 causa hidronefrose ou rim ndo funcional, e/ou envolve linfonodos pélvicos e/ou
para-aorticos
1A Extensdo até o ter¢o inferior da vagina, mas ndo até a parede pélvica
Extensdo até a parede pélvica e/ou causa hidronefrose ou rim ndo funcional (a
e menos que saiba que é devido a outra causa)
Envolve os linfonodos pélvicos e/ou para-adrticos, independentemente do
e tamanho e extenséo do tumor (com as notagdes r e p)
I1IC1  Apenas metastases nos linfonodos pélvicos
I1IC2  Metastases nos linfonodos para-aorticos
Extensdo para além da pelve verdadeira, ou envolvimento comprovado por biopsia
v da bexiga ou mucosa retal
IVA  Disseminacdo em 6rgaos pélvicos adjacentes
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IVB Disseminacao para 6rgdos distantes
Fonte: Bhatla et al., 2018

Embora haja avancos na pesquisa molecular quanto ao CC, evidéncias contundentes

indiguem que a infecgdo pelo HPV é uma pré-condicdo para a malignidade, ela ndo é suficiente
para causar a carcinogénese cervical. 1sso ocorre porque a carcinogénese também depende de
variacOes genéticas individuais e modificacBes epigenéticas. Modificacdes epigenéticas, como
metilacdo do DNA, modificacdo de histonas e RNAs nédo codificantes (ncRNAS), influenciam

a expressdo génica sem alteracdes na sequéncia do DNA (HE J et al., 2020).

2.2 Longos RNAs néo codificantes e cancer cervical

Os ncRNAs sdo geralmente divididos em duas categorias de acordo com seu tamanho:
pequenos NcCRNAS, transcritos que apresentam menos de 200 nucleotideos (nt) de comprimento
e longos ncRNAs (IncRNAs) maiores que 200 nt. Os pequenos ncRNAs incluem os bem
caracterizados microRNAs (miRNAs), que atuam como importantes reguladores pds-
transcricionais da expressdo génica via o complexo silenciador induzido por RNA (KWOK E
TAY Y, 2017). Também entre os pequenos NcRNAs, podemos citar: RNA ribossdmico
(rRNA), RNA transportador (tRNA), pequeno RNA nuclear (SnRNA), pequeno RNA nucleolar
(snoRNA) e RNA de interagdo com PIWI (piRNA) (FERREIRA E ESTELLER, 2018).

Os IncRNAs sdo mais frequentemente transcritos pela RNA polimerase 11, podem ter
introns e variantes de splicing, podem exibir cauda poli A na extremidade 3 'e podem sofrer
modificacdes epigenéticas semelhantes a genes que codificam proteinas, como regulacéo pela
metilagdo do DNA e mudangas nas histonas (YAO et al., 2019). Existem muitos estudos na
literatura quanto a funcdo bioldgica dos INCRNAs, porém estes ainda sdo pouco compreendidos.
Mas, estes podem estar envolvidos em diversos processos bioldgicos, sendo associados com 0s
processos de carcinogénese, progressdo tumoral, metastase, proliferacdo celular, invaséo,
apoptose e o desenvolvimento de resisténcia a quimioterapicos (APRILE M et al., 2020;
SOGHLI N et al., 2020)

Os LncRNAs sao capazes de participar de varios processos biologicos a niveis
transcricional e poés-transcricional. Além disso, os IncRNAs possuem funcionalidade de
interagir com outras moléculas reguladoras, incluindo proteinas e microRNAs, atuando como
esponjas e afetando a expressao de seus alvos (CACERES-DURAN ET AL., 2020; PENG, WX
et al.,, 2017). Os IncRNas abrangem vérias moléculas de RNA diferentes, por seu amplo
espectro de funcdes, é dificil classifica-los, porém, sua classificacdo tradicional é baseada na
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localizacdo com relacdo a de genes codificantes proximos, permitindo a descricdo em quatro
categorias descritas na Figura 3 (BHAN A et al., 2017).

Figura 3- Categorias dos LncRNAs

Transcritos a partir de

s sequéncias de DNA entre dois

LNcRNAs Intergénicos  genes codificadores de
proteinas;

Aqueles gerados a partir de
LncRNAs Intronicos introns de genes codificadores
de proteinas;

transcritos que se sobrepdéem a
LncRNas Sobrepostos  genes codificadores de

proteinas conhecidas

Transcritos em uma direcao

LncRNAs Antisense oposta a um gene codificador
de proteina.

Fonte: O autor.

Evidéncias de pesquisas anteriores indicam que a regulacdo positiva de INcCRNAS
promove o crescimento de células cancerigenas do colo do Gtero (SHEN et al., 2019; ZHANG
& GAO 2017; ZHU etal., 2017; XU E ZHANG 2019; GUO et al., 2018; CHANG E SUN 2019;
CHEN et al., 2019; HAN et al., 2018). Outros estudos mostraram que varios INCRNAs estdo
envolvidos na progressdo do CC, incluindo H19, transcricdo de adenocarcinoma pulmonar
associado a metastase INCRNA 1 (MALAT1), RNA intergénico antisense HOX (HOTAIR),
transcri¢do 1 associada ao cancer de colon (CCAT1) e X- transcricdo especifica inativa (XIST)
(OU et al., 2018; LIU et al., 2016; HAN et al., 2019; ZHENG et al., 2018; GUO et al., 2019;
SHEN et al 2019; ZHANG & GAO 2017; ZHU et al., 2018).

2.3 SNHGs e Céancer Cervical

Os RNAs longos nédo codificantes denominados SNHGs (pequenos genes hospedeiros
de RNA nucleolar) abrigam outros RNAs nédo codificantes, como 0s SnoRNAs (pequenos RNAs
nucleolares) (Qin Y et al., 2020). Este grupo de IncRNA participa na modulagao da biologia do
cancer de duas maneiras. A primeira seria como RNAs endogenos concorrentes (ceRNAS), 0s

quais ocupam os sitios de ligacdo entre 0 microRNA (miRNA) e seus genes-alvo, impedindo
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os efeitos inibitorios do miRNA no nivel pos transcricional (YOON et al., 2014; L1 et al., 2022).
A segunda maneira 0os INcRNA SNHGs regulam certas vias de sinalizagcdo envolvidas na
codificacdo de proteinas e influenciam a patogénese do tumor e a progressdo no nivel de
expressao de proteinas (BIAGIONI et al., 2021).

H& evidéncias de que atualmente existem 22 membros da familia SNHG (SNHG1 a
SNHG22) e séo expressos de forma anormal em mdltiplos tipos de céancer, pois eles s&o
considerados reguladores emergentes de uma ampla gama de processos biolégicos como
apoptose, invasdo e migracdo (QIN et al., 2020; YANG et al., 2021). Os SNHGs, possui papel
relevante na biologia tumoral, sugerindo que eles podem ser alvos terapéuticos em potencial
para o tratamento do CC (ZIMTA AA et al., 2021). No entanto, sdo necessarias mais pesquisas
para entender completamente o papel dos SNHGs no CC e seu potencial como alvos
terapéuticos. E valido ressaltar, que na literatura ainda temos poucos estudos que elucidam a
relagdo entre os INCRNAs-SNHGs e a carcinogénese do cancer cervical, tornando-se necessario
uma ampla investigacéo destas moléculas. Portanto, esta revisdo sistematica é importante para
compreender o papel dos SNHGs na progressdo do CC, afim de identificar novos alvos

terapéuticos e orientar futuras pesquisas nesta area.
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3. OBJETIVOS

Identificar SNHGs relacionados com fatores de pior progndstico em céncer cervical,

através de uma busca sistematica da literatura.

3.1. Objetivos Especificos:

. Selecionar na literatura LncRNAs da familia SNHGs que encontram-se associados
a fatores de pior prognostico (FIGO, metéstase linfonodal, grau histologico e
tamanho do tumor) em céncer cervical.

. Apresentar a expressdo desses LncRNAs selecionados na literatura se alta ou baixo

comparado a amostra tumoral.

. Identificar os microRNAs alvos dos SNHGs observados.

. Destacar os genes alvos dos microRNAs regulados pelos LncRNAs.
. Evidenciar as vias de sinalizacao e os genes alvos.

. Identificar as fungdes bioldgicas dos SNHGs.
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4. ARTIGO

TITULO: Papel dos SNHGS em fatores de pior prognéstico em Cancer Cervical: uma

revisdo sistematica.
Artigo enviado para a Revista Asian Pacific Journal of Cancer Prevention

Qualis A4
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Summary

Objective: Cervical Cancer (CC) is the fourth most common type of cancer in women around
the world; in some regions of underdeveloped countries, however, it may even be the most
frequent. Thus, it is important for us to understand the molecular elements involved in this
process. Recently, a new class of long non-coding RNAs (LncRNAS), the host genes of small
nucleolar RNA (SNHGs), has been frequently reported in various types of cancer in humans.
Therefore, this study aims to summarize the main results described in the literature of the
IncRNA family (SNHGs) in CC.
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Methods: This study was conducted in conformation to the PRIMA-scR protocol, using the
PICOS strategy. As research sources, we used the following databases: PubMed, ScienceDirect,
Lilacs and Medline.

Results: Out of a total of 3,803 studies, we selected 12 which included 8 SNHGs (GASS5,
SNHG5, SNHG7, SNHG12, SNHG14, SNHG16, SNHG17 and SNHG20) associated with CC;
all, except for GAS5, presented an increased expression. In the literary survey carried out, the
expression of SNHGs was associated with poor prognostic factors such as: proliferation,
migration, invasion, metastasis and apoptosis in CC.

Conclusion: Although more studies are needed, these data demonstrate the important role of
SNHGs in tumor biology and the promising role of this class of transcripts as a tool in the
clinical management of CC.

Keywords: SNHG IncRNAs, cervical cancer, cell proliferation, metastasis.

Introduction

Cervical Cancer (CC) is the fourth most common type of cancer among women in the
world (Sung et al., 2021). In Brazil, it is the third most incident type of cancer among women,
and by 2023 more than 17,000 new cases of CC were estimated in the country. In some regions
of Brazil, this malignant neoplasm is one of the main causes of female mortality by cancer. In
the state of Maranh&o, CC is the second most incident, with an estimated incidence of about
800 (21.13%) new cases (INCA 2023). Among its risk factors, Human Papillomavirus (HPV)
infection stands out, especially subtypes 16 and 18 (Schiffman et al., 2007; Bhatla et al., 2018).

The occurrence of metastases is widely associated with a shorter survival in these
patients. However, the mechanisms associated with the development of metastasis are not fully
understood. Constriction of these carcinogenic pathways is essential to achieve better outcomes
in the survival rates of these patients (Zhong, Yue et al., 2020; Gong, Y et al., 2019). Possible
elements involved as potential biomarkers for prognosis and more appropriate treatment are
long non-coding RNAs (IncRNAs) (He J et al., 2020; Shi D et al., 2018; Bhan A et al., 2017).
LncRNAs are single-stranded endogenous RNA molecules with more than 200 nucleotides,
non-protein coding, which are capable of participating in various biological processes at
transcriptional and post-transcriptional levels. In addition, IncRNAs have the function of
interacting with other regulatory molecules, including proteins and microRNAS, acting as
sponges and affecting the expression of their targets (Caceres-Duran et al., 2020; Peng WX et
al., 2017).
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Some IncRNAs may harbor in their sequence other non-coding RNAs, such as nucleolar
RNAs (snoRNAs), characterized as small molecules with average size ranging between 70-140
nucleotides in length (Zimta et al., 2020). Small nucleolar RNA host genes (SNHGs) are a
group of IncRNAs that contain introns and exons in their sequences and generate, through
alternative splicing, sSnoRNAs. To date, it has been reported that the SNHG family is composed
of 22 members, from SNHG1 to SNHG22, which play significant roles related to proliferation,

apoptosis, invasion, and migration (Biagioni A et al., 2021; Krishnan P et al., 2016).

The aberrant expression of the SNHGs family is a frequent alteration in several types of
cancer, such as: thyroid (Qin Y et al., 2020; Ding W et al., 2020), breast (Ma Q et al., 2020;
Xiong X et al., 2020), pancreas (Zhao L, et al., 2021; Shuwen Han et al., 2020), and prostate
cancer (Wu G, et al., 2020; Zhang et al., 2017). In general, these studies demonstrate that this
group of biomolecules may be a potential oncological biomarker. In relation to CC, studies are
scarce and restricted to some SNHGs. Therefore, this systematic review aims to summarize the

main aspects of this class of IncRNAs in CC.

Materials and Methods

Study Design and Protocol Registration

The present study is a systematic literature review that was registered in the International
Prospective Register of Systematic Reviews (PROSPERO -
https://www.crd.york.ac.uk/PROSPERO), under number CRD42022356239. We followed the
recommendations of the Preferred Reporting Items for Systematic Review and Meta-Analysis

(PRISMA - https://www.prisma-statement.org).
Study Question

This study is based on the following question: what is the association of SNHGs with
poor prognostic factors in cervical cancer? For this purpose, we used the PRIMA-scR protocol,
defining the PICOS anagram as: Population - patient with cervical cancer; intervention -
efficacy of the biomarkers of the SNHG class; comparison - does not apply; outcome - relation

to the expression of the biomarker; study design - only experimental studies.

Eligibility criteria
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We included only: (1) articles in English, (2) published between the years 2017 to 2022
with (3) experimental studies that have as a casuistry patients who were diagnosed with cervical
cancer and (4) that described the technique employed. The following were not included: (1)
abstracts, reports, reviews, monographs, dissertations and (2) studies that use TCGA data as a

casuistry.
Data Sources and Strategies

The searches were performed in the following electronic databases: U.S. National
Library of Medicine (PubMed), ScienceDirect, Lilacs and Medline, in which the following
descriptors were used: "LncRNAs and cervical cancer”, "LncRNAs and uterine cancer",
"LncRNAs and cervical cancer”, SNHG1 cervical cancer, SNHG5 cervical cancer, SNHG6
cervical cancer, SNHG4 cervical cancer, SNHG7 cervical cancer, SNHG12 cervical cancer,
SNHG16 cervical cancer and GASS5 cervical cancer.

Selection of Studies and Strategies

For data selection, duplicates and studies that did not meet the inclusion criteria were
removed. We input information for each article on a Microsoft Excel 2019 datasheet. From
each study, the following information was recorded: a) Clinicopathological characteristics:
TNM, lymph node metastasis, stage, grade of cell differentiation and type of expression; b)
Biological function of SNHGs: proliferation, migration, invasion, cell cycle, apoptosis, colony
formation, participation in mesenchymal epithelium transition, and whether these INCRNAs
target micro-RNAs and pathways; c) Clinical Indicators: diagnostic indicators, prognoses and

biomarkers.
Evaluation of the methodological quality of the included studies

Researchers E. A. and A. G. evaluated the methodological quality of the 12 studies
included, independently, using Joanna Institute Critical Appraisal Tools (JBI) (JBI, 2020). As
represented in the table (Supplementary Table), each criterion was classified as "yes", "no",
"unclear”, "not applicable" individually for each article. The risk of bias classification was made
according to these scores: a) 1 to 3 "yes", the risk of bias is high; b) 4 to 6 "yes", have moderate

bias; c) 7 to 8 “yes”, low-risk bias.

Results

Literary Survey
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Out of the 3,803 studies found in the four databases, 1,543 records were excluded after
the removal of duplicates, and 2,082 articles removed post-screening of titles and abstracts.
After further reading of the literature, 84 articles were reviews and 82 articles were excluded
because they were articles that did not answer the study question, or were not published in
English. After the inclusion criteria, a total of 12 studies remained. For more information on
the process of article screening, see Figure 1.

From these 13 articles, our results demonstrate that the vast majority of SNHGs are
overexpressed, acting as fundamental regulators of processes such as: invasion, cell
proliferation, apoptosis, cell cycle, mesenchymal epithelial transition, colony formation and
migration. In Table 1 we observe the information related to the techniques used, as well as the
characteristics of the biological samples, clinical and histopathologic parameters in the CC.

Additional information is summarized in Table 1.

Of the 8 SNHGs studied, after analyzing the type of expression, target gene and
signaling pathways, Table 2 shows 7 SNHGs studied (SNHGS5, SNHG12, SNHG14, SNHG16,
SNHG17, SNHG20 and SNHG2/GASS) that can act as sponge molecules of miRNAs, thus
participating in a variety of important biological processes, such as cell proliferation, apoptosis,

migration and invasion (Chu et al., 2021).

Discussion

GASS

The specific transcript 5 for growth arrest (GASS5) also known as SNHG2, is a tumor
suppressor and is located on chromosome 1q25, with ~630 nucleotides (Ma C et al, 2016).
According to the study by Y. Li et al., (2018) decreased expression of GAS5 was associated
with parameters for poor prognosis FIGOIIa lymph node metastasis, in addition to facilitating
and increasing cell invasion, migration. In another study, Fang et al. (2020) observed that GASS5
is transcriptionally modulated by p-STAT3, in addition to acting as a miR-21 ceRNA, which in
turn is capable of regulating PDCD4. MiR-21 is an oncogenic microRNA that has been touted
as key in the development and progression of cervical malignancy (Gebrie A, 2022). Although
GASS has been little explored in cervical cancer, so far, the data demonstrate that this IncRNA

has the potential to be a biomarker in this type of neoplasm.

SNHGS5
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The host gene of small nucleolar RNA 5 (SNHGSY) located on chromosome 6q14.3, is
involved in the development and tumorigenesis of a variety of cancers, such as: colorectal,
bladder, gastric and endometrial cancer (Li, Y et al., 2020). Studies of the association of SNGHS5
with CC are still rare, but the data from this study revealed its overexpression associated with
the FIGO II stage and with the presence of lymph node metastasis. This overexpression
promotes the expression of SOX4, while that of miR-132 is decreased; with the silencing of
SNHGS there was an increase in proliferation, migration and invasion through the

downregulation of miR-132 (Zhang, L et al., 2021).

SNHG7

The host gene of small nucleolar RNA 7 (SNHG7) located on chromosome 9q34.3 is
one of the oncogenic IncRNAs that has had its mechanism of action investigated in several
human cancers, such as cervical cancer (Chi et al., 2020; Najafi S et al., 2022). Suppression of
SNHG7 was observed in CC tissues associated with factors of worse survival, in addition to
regulating factors involved with the mesenchymal epithelial transition (TMS), such as N-
cadherin and Vimentin (Zeng et al., 2019). TMS is a process implicated in cancer progression
and metastasis, whereby epithelial cancer cells lose cell polarity and cell-to-cell adhesions and

gain metastatic and invasive properties (Ribatti et al., 2020).

SNHGI12

The IncRNA small nucleolar RNA host gene 12 (SNHG12) is located on chromosome
1p35.3 and has already been described in the literature as a new oncogene for cancer. Its
expression may be related to poor prognosis and accelerates tumorigenesis (Chen, et al., 2020).
The biological role of SNHGI2 in CC is still poorly comprehended, but it has been
demonstrated that SNHG12 expression was significantly increased in CC tissues compared to
normal tissues. In addition, this survey found that the expression of SNHG12 was significantly
higher in FIGO stage II, that is, when the carcinoma invades beyond the uterus, but does not
extend to the lower third of the vagina or the pelvic wall. It was possible to observe that the
overexpression of SNHGI12 can promote cell proliferation and migration, but more

investigations are still needed regarding its mechanisms of action (Dong, et al., 2018).

SNHG14
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The host gene 14 of the small nucleolar RNA of long non-coding RNA (SNHG14), also
known as UBE3A-ATS, acts as a key regulator of cellular processes in several types of human
cancers (Zhang H et al., 2020). There are two articles that relate SNHG14 to CC. In the first
study, Zhang et al., (2019) reported a high expression of SNHG14 in poor prognostic factors,
with emphasis on the presence of metastasis. The second study, in addition to corroborating
these findings, also described that they found that SNHG14 overexpression has the potential to
promote cell proliferation, migration, and invasion, suggesting an important role as a

therapeutic target for CC via the miR-206/YWHAZ axis (Ji N et al., 2019).
SNHG16

The biological roles of the small nucleolar RNA host gene 16 (SNHG16) have recently
been investigated in the progression of several types of cancers, especially because this IncRNA
has a role as an endogenous competitor (Xu, et al., 2018; Yang., et al 2019).

In CC, Tao et al. (2020) evidenced that SNHG16 is able to promote tumor invasion,
through the recruitment of transcription factors such as RLS1, to regulate the expression of
PARP9. Wu et al. (2020) suggested that SNHG16 may serve as an oncogene capable of
promoting tumor progression by acting as miR-216a-5p/ZEB1 ceRNA. The ZEBI1 gene acts
directly in promoting TMS, as well as correlating with poor staging in cancer patients (Zhang
et al., 2015). In another study, using expression inhibition assays, SNHG16 was also observed
associated with EMT, in addition to increasing miR-128 expression and inactivating the
WNT/B-catenin pathway. In this same work, the authors associated the aberrant expression of
SNHG16 to the stage and size of the tumor (Zhu et al., 2018). The WNT/B-catenin signaling
pathway has been widely studied in cancer due to its potential to present therapeutic targets

(Nusse et al., 2017).

SNHG17

The host gene of small nucleolar RNA 17 (SNHG17) located at 20q11 has been reported
to be overexpressed in ovarian cancer (Zheng ZJ et al., 2020), as well as colorectal cancer (Bian
Z et al., 2021), promoting proliferation and tumorigenesis. However, the biological and
regulatory function of SNHG17 in CC is still unclear, since to date there are rare studies such
as the one by Cao S et al., 2021, reporting that this IncRNA was overexpressed in serum samples
from patients with CC. It was also found that SNHG17 expression was significantly higher in

FIGO 1I stage II (when a carcinoma expands its extension beyond the uterus, but not to the
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pelvic wall) and in lymph node metastasis. Their results also showed that miR-375-3p can be a
direct target of SNHG17, since the knockdown of SNHG17 was able to inhibit cell growth
through the repression of miR-375-3p expression, which may act as a prospective diagnostic

marker and potential therapeutic targets for CC, requiring further research.
SNHG20

The small nucleolar RNA host gene 20 (SNHG20) is located at 17925.2, and plays an
important role in CC in terms of prognosis and tumor progression, invasion, metastasis, and
apoptosis (Aalijahan and Ghorbian, 2019). As for the expression of this IncRNA, Guo et al.
(2018) evidenced that the expression of SNHG20 was significantly increased in CC, in tumors
of larger size, advanced stage of FIGO and lymph node metastasis |. As for its biological role,
they observed through interference assays that SNHG20 regulates miR-140-5p; this, in turn,
targets ADAM10 and reduces the phosphorylation of MEK1/2, ERK1/2 and p38.

Conclusion

There is a growing number of studies showing deregulated IncRNAs in the carcinogenic
process, as they are potential oncogenes or tumor suppressors that play important roles in
cervical cancer. The family of SNHGs described in this research may, in the future, be used as
biological markers and therapeutic targets in their wide applications in the diagnosis and
treatment of cervical cancer. We emphasize the importance of conducting more studies

regarding their biological role and clinical application.
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Figure 1. Fluxogram of the study screening.
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Table 1. Functional characterization and clinical significance of IncRNAs in cervical

cancer.
LncRNA ST Samples  Tecniques Slrellogieel _Cl_lr_ncal Reference
level role significance
tumor tissue proliferation, FIGO Il and Zhana L. et al
SNHG5 Overexpressed  and cell gRT-PCR migrationand lymph node %021 B
lineage invasion metastasis
tumor tissue proliferation, TNM IlI-IV, 3 Zena et al
SNHG7 Overexpressed  and cell gRT-PCR migrationand lymph node 2319 B
lineage EMT metastasis
tumor tissue proliferation, FIGO II, Dona J et al
SNHG12 Overexpressed and cell gRT-PCR migration and lymph node 29018 ’
lineage invasion metastasis
tumor tissue proliferation,  FIGO 1111V,
Overexpressed  and cell gRT-PCR  promotion of  tymorsize>  Zhang YY et
lineage apoptosis 4 cm al., 2019
cell
SNHG14 i i
tumor tissue rf}:"'fgﬁgarf'g;‘d FIGO 111V,
Overexpressed  and cell gRT-PCR . grat lymph node JiNetal., 2019
. invasion and .
lineage . metastasis
promotion of
apoptosis
FIGO Ilb-III,
lymph node
. . . metastasis,
tumor tissue proliferation, oorl Zhu H. et al
Overexpressed  and cell gRT-PCR migrationand . poorly ’ N
i differentiated 2018
ineage EMT
tumor and
tumor
SNHG16 diameter
TNM llla,
tumor size,
tumor tissue roliferation worse Tao L et al
Overexpressed  and cell gRT-PCR PrOTITETAtion, o\ rvival and b
. migration 2020
lineage poorly
differentiated
tumor
tumor tissue proliferation, - 1 111y,
EMT, . Wu W etal.,
Overexpressed  and cell qRT-PCR N tumor size =
lineage mlgratlo_n and 5 em 2020
invasion ’
FIGO -1V,
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FIGO llb-lla,

tumor tissue Proliferation, ~ lymph node

SNHG20 Overexpressed  and cell gRT-PCR
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tumor size

tumor tissue FIGO lla,

Decreased and cell gRT-PCR pr(_)hferz_itlon, lymph node
invasion

GAS5 lineage metastasis
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i promotion of :

Decreased a_nd cell gRT-PCR apoptosis lymph no_de
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Guo H et al.,
2020

Y. Lletal,
2018

Fang X et al.,
2020
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Table 2. LncRNAs and microRNAs associated with cervical cancer.

LncRNA

SNHG5

SNHG12

SNHG14

SNHG16

SNHG17

SNHG20

GAS5

MicroRNAs

miR-132

miR-424-5p
miR-206
miR-216-5p
miR-128
miR-375-3p
miR140-5p

miR-21

Expression

down-
regulated.

down-
regulated.
down-
regulated.
down-
regulated.
down-
regulated.
down-
regulated.

down-
regulated.

down-
regulated.

Target
Gene

SOX4

YWHAZ

ZEB1

GSPT1 and
WNT3A

ADAM10

PDCD4

Signaling
pathways

WNT/B-
catenin

MEK/ERK

References

Zhang L et al.,

2021

ZhuHetal.,,
2018

Wu W et al.,
2020

CaoSetal,,
2021

Guo H et al.,
2018

Fang X et al.,

2020

Dong Jet al, 2018

JiNetal., 2019
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Supplementary Table on the quality assessment of the studies

Quality Evaluation

References Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total Level of
(YES) Bias
ZhangLetal, 2021 ygs ygs NO YES U YES YES YES YES 7 low-risk
Zengletal,2019 YES YES NA YES NO YES NO VYES VYES 6 moderate
DongJetal,2018 YES YES U YES NA YES YES YES YES 7 moderate
Zhang YYetal, 2019 YES YES U YES NO YES YES YES VYES 7 low-risk
JiNetal., 2019 YES YES NA YES U YES NA YES YES 6 moderate
ZhuHetal., 2018 YES YES NA YES NO YES NA YES YES 6 moderate
TaoLetal,2020 YES YES NO YES NA YES YES YES YES 7 low-risk
Wu W et al., 2020 YES YES U YES NO YES NA YES YES 6 moderate
CaoSetal,2021 YES YES U YES U YES YES YES YES 7 low-risk
GuoHetal,2020 YES YES U YES NA YES YES YES YES 7 low-risk
Li Y etal., 2018 YES YES NO YES NO YES NO YES YES 6 moderate
Fang Xetal,2020 YES YES U YES NO YES YES YES YES 7 low-risk

Yes; No; Unclear (U); Not applicable (NA)
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Rule # 2) If two or more references have the same author, the list should be organized based
on author’s name and year of publication (references of the same author must be listed

sequentially with the earlier publication listed first).
Rule # 3) Provide the names of all authors if there are 5 or fewer authors.

Rule # 4) If there are more than 5 authors, provide the names of the first three authors, followed

by et al.,

Rule # 5) In writing the names of the authors, the rule is to use the last name and then the
initials for the first and/or middle names. No period or space between the initials: For example,
(Blue AB, Pink B, Green CJ, et al (2000).

Rule # 6) The volume number has to be in boldface.

Rule # 7) in writing the name of the journal, the rule is to use the standard abbreviation of the
Journal’s name. You can download an Excel file that contains abbreviation for many journals

so that you can check if you have the right abbreviation for the journals’ name.

For Journals: Author’s name according to the reference list rules 1 to 5, then TITLE followed
by YEAR inside the parenthesis, followed by the standard abbreviation of the journal name,
volume number (in bold), followed by starting page, then — ending page. The ending page

should be just the last digit: 322-24 or 322-324 is wrong — 322-4 is the correct use in this case.
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An example for Journal: Blue A, Pink B, Green C, et al (2000). TITLE. Asian Pac J Cancer
Prev, Volume, 322-4.

For Books: The same formatting rules for name and page numbering. A book reference should

include (Authors, book title, chapter title, publisher’s name and address, and page number).

An example for a book: Brown A, Pink B, Black CD, et al (2000). Cancer Prevention. In
‘Neoplasia', Eds Blue D and Red E. Asian Pacific Education Press, Bangkok pp 1-10 Numbers
322-4

Important notice: We encourage authors to use a reference management system, and develop
or obtain a journal style, and then format the references. You can find EndNote style for the
journal by clicking here.

Try not to use references that are not standard or references that are not registered in
international registration systems such as non-English publications that do not provide an
English citation format.

Acknowledgment section:

A manuscript may include an “Acknowledgment” section. The acknowledgment section should
be on a separate page after the references section. In this section, authors acknowledge all
contributions from other persons, funding agencies, and any individual or organization who

have contributed to the research that was done, or in the compilation of the manuscript, etc.
Tables:

Tables should be formatted as single-spaced on separate pages in the word processing program.

The following guidelines need to be adhered to in preparing tables:

e Tables imported into the word-processing program from spreadsheet programs (e.g.,
Microsoft Excel), should be left in table format and not converted to text. Gridlines
should be retained and the spreadsheet file should be provided as well).

e Do not embed tables as a graphics file.

e Limit the number of tables to three and try to avoid redundancy of findings in different
tables.

o Cite all tables in the text. Number tables consecutively, using Arabic numerals, in the

order cited in the text. The table number is followed by a brief descriptive title.
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e Include table number, ‘‘continued,”” and table sub-headings on each page if a table
exceeds one manuscript page.

o Define all abbreviations used in the table in footnotes to the table.

e Obtain written permission to reproduce the previously published tabular material.
Credits for the reproduced work are included as a footnote to the table and must include
author(s), title, either publisher and city/ country, or periodical name, volume, page, and
year. Signed permission forms must be sent to the Editorial Office upon acceptance.

Figures:
The following guidelines need to be adhered to in preparing figures and legends:

e Submit only publication quality high-resolution figures.

e The following resolutions are required: 1200 dpi for line art; 300 dpi for halftones/color
(RGB); 600 dpi for combination halftones/color.

e Figures should be sized to either one-column width (19 picas, 3.25 inches), or two-
column width (40 picas, 6.75 inches), as appropriate.

e Figures must be numbered in the text. Number all figures sequentially with Arabic
numerals in the order cited in the text.

e Provide double-spaced legends on a separate page to include the figure number and a
brief description of the figure.

o For typeface within figures, use 6-pt to 12-pt Times or Times New Roman font.

e Figures with multiple parts should be labeled and referred to as (a), (b), (c), etc.

e Obtain written permission to reproduce previously published figures. Credits for the
reproduced work are included in the figure legend and must include author(s), title,
either publisher’ city, and country or periodical name, volume, page, and year. Signed
permission forms must be sent to the APJCP Editorial Office upon submission.

e Embed each figure in a Microsoft PowerPoint slide and upload as a separate file.

e Mask any patient identification in photographs; otherwise, a signed permission

statement is required.
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