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RESUMO

Introducdo e objetivo: A proteina Klotho, codificada pelo gene KL, faz parte do
sistema enddécrino FGF-Klotho e desempenha um papel na fisiopatologia de disturbios
relacionados ao envelhecimento, incluindo o céancer. Klotho é considerada um
supressor tumoral e tem potencial para o tratamento do cancer. Foi descoberto que
ela reduz a proliferacdo de células cancerigenas e induz a apoptose em Varios tipos
de céancer. O mecanismo molecular subjacente ao efeito supressor de tumores de
Klotho ndo é bem compreendido. Klotho forma um complexo com FGFRs e é
necessario para a ligacdo de alta afinidade dos FGFs aos seus receptores. Ela é
expressa em varios tecidos e 6érgaos, com niveis mais elevados no rim. Klotho interage
com varios membros da familia Wnt e pode ter um papel no envelhecimento.
Alteracfes na sinalizacdo Wnt estédo implicadas no desenvolvimento e progressao do
cancer. Nesta dissertacdo se discute o papel das proteinas Klotho em vérios tipos de
cancer e seu potencial uso como marcadores diagndsticos e prognosticos.
Metodologia: Trata-se de uma revisao sistematica, que analisou artigos publicados
entre 2012 e 2022, de acordo com os Itens Preferenciais de Relatérios para Revisfes
Sisteméticas e Meta-analises (PRISMA). A estratégia de busca foi realizada em trés
bases de dados: PubMed, Scielo e ScienceDirect, empregando as palavras-chave
"cancer AND Klotho”, acessadas em abril de 2023. A busca resultou em 836 artigos,
sendo que 401 eram duplicados. Apos aplicar os critérios de inclusédo e excluséo, 26
artigos fizeram parte desta revisdo sistematica.

Resultados: Dentre os 26 artigos selecionados, 21 tratavam de aKlotho, 5 de BKlotho
e apenas 3 de yKlotho, sendo um artigo estudando a e BKlotho e outro estudando
todas as trés proteinas. Encontrou-se que a aKlotho esta consistentemente associada
a uma melhora no progndstico e pode ser Gtil para estimar a sobrevida do paciente
com cancer. oKlotho parece atuar como um supressor de tumor e sua regulacao
negativa foi associada a fendtipos tumorais agressivos e pior prognéstico. Nivel
elevado de yKlotho esta associado a agressividade do cancer e ruim progndstico,
podendo ser Uteis para prever a sobrevida do paciente e a resposta a terapia. fKlotho
apresenta resultados mistos. Conclusdo: Enquanto o aKlotho foi associado a um

melhor progndstico do paciente, o yKlotho foi associado ao aumento da agressividade
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do cancer e o BKlotho apresentou resultados mistos. E fundamental identificar com
precisdo os subtipos de tumores e a expressdo do Klotho para aplicabilidade ao
méximo do seu potencial biolégico. No entanto, a maioria dos estudos ainda néo
apresentou resultados tdo detalhados e o uso clinico do Klotho exigira mais estudos
futuros.

Palavras-chave: Proteinas Klotho; Cancer; Fator Prognéstico; Diagndstico Molecular.



ABSTRACT

Introduction and objective: The Klotho protein, encoded by the KL gene, is part of
the FGF-Klotho endocrine system and plays a role in the pathophysiology of agerelated
disorders, including cancer. Klotho is considered a tumor suppressor and has potential
for treating cancer. It has been found to reduce the proliferation of cancer cells and
induce apoptosis in several types of cancer. The molecular mechanism underlying the
tumor suppressive effect of Klotho is not well understood. Klotho forms a complex with
FGFRs and is required for the high affinity binding of FGFs to their receptors. It is
expressed in various tissues and organs, with highest levels in the kidney. Klotho
interacts with several members of the Wnt family and may play a role in aging.
Alterations in Wnt signaling are implicated in cancer development and progression.
This dissertation discusses the role of Klotho proteins in various types of cancer and
their potential use as diagnostic and prognostic markers. Methodology: This is a
systematic review, which analyzed articles published between 2012 and 2022,
according to the Preferred Reporting Items for Systematic Reviews and Metaanalyses
(PRISMA). The search strategy was carried out in three databases: PubMed, Scielo
and ScienceDirect, using the keywords "cancer AND Klotho", accessed in April 2023.
The search resulted in 836 articles, 401 of which were duplicates. the inclusion and
exclusion criteria, 26 articles were part of this systematic review. Results: Among the
26 articles selected, 21 dealt with aKlotho, 5 with BKlotho and only 3 with yKlotho, one
article studying a and BKlotho and another studying all three proteins. aKlotho was
found to be consistently associated with improved prognosis and may be useful for
estimating cancer patient survival. aKlotho appears to act as a tumor suppressor and
its down-regulation has been associated with aggressive tumor phenotypes and worse
prognosis. Elevated yKlotho levels are associated with cancer aggressiveness and
poor prognosis, and may be useful in predicting patient survival and response to
therapy. BKlotho shows mixed results. Conclusion: While aKlotho was associated with
a better patient prognosis, yKlotho was associated with increased cancer
aggressiveness, and BKlotho had mixed results. It is essential to accurately identify
tumor subtypes and Klotho expression for maximum applicability of its biological
potential. However, most studies have not yet provided such detailed results and the

clinical use of Klotho will require further studies in the future.



Key words: Klotho proteins; Cancer; Prognostic Factor; Molecular Diagnostics.
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1. INTRODUCAO

Klotho € uma proteina que em humanos é codificada pelo gene KL e as trés
subfamilias de klotho sao a-klotho, B-klotho e y-klotho, que sdo componentes
essenciais dos complexos endocrinos com Fatores de Crescimento de Fibroblastos
(FGF) formando o sistema endocrino FGF-Klotho, que desempenha papel na
fiosiopatologia de disturbios relacionados ao envelhecimento, incluindo diabetes,
doenca renal conica, arteriosclerose e cancer. (KURO-O, 2019).

O cancer é considerado uma neoplasia maligna, ocorrendo de forma agressiva
com alta taxa de incidéncia e altos percentuais de mortalidade. De acordo com dados
do Sistema de Informacdo de Mortalidade (SIM) do Ministério da Saude, no ano de
2014, o cancer se tornou a segunda maior causa de mortalidade no pais, com mais
de 190 mil 6bitos por ano. (HU et al., 2013; MEDICI et al., 2018). No Brasil, a maioria
desses casos de cancer sao apresentados em estagios avancados, e os métodos de
prevencdo ainda sdo escassos, € a quantidade de pessoas que necessitam do
tratamento possui a estimativa de tendéncia elevada (ZENG et al., 2019). Segundo
pesquisa, nos anos de 2010, 60,5% dos casos foram diagnosticados em estagios de
3 e 4, e nesses respectivos estagios, 0s custos para o tratamento ficaram de 60% e
80% maiores gque nos estagios 1 e 2, sendo que as possibilidades de cura sdo bem
menores (TALLON et al., 2020).

Ademais, vale ressaltar que o crescimento relativo ao cancer ndo tem ocorrido
s6 no Brasil, mas em nivel global. Conforme a Sociedade Norte-Americana de Cancer
(American Cancer Society), entre os anos de 2010 e 2030, o nivel mundial aumentaré
de 14,6 para 20,2 milhfes, tendo como maioria 0s casos de cancer em paises
desenvolvidos como o Brasil.

Klotho é considerado como um supressor de tumor, sendo uma proteina que
possui agentes potencias para o tratamento e intervencdes terapéuticas para o cancer
(CHEN et al., 2010;QU et al., 2013). A superexpresséao da Klotho proporciona reducéo
da proliferacdo de células cancerigenas produzindo a inducdo de apoptose no figado,
pulmé&o, rim e cancer de colon (CHEN et al., 201, 0; SHU et al., 2013).

Klotho foi originalmente identificado como um gene antienvelhecimento e
também tem sido relacionado com o progndstico de varios tipos de canceres, incluindo

os de carcinoma hepatocelular, carcinoma gastrico e células escamosas do
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esbfagono entanto, 0 mecanismo molecular subjacente do efeito supressor tumoral de
Klotho ndo esta bem esclarecido (ZHOU et al., 2021).

2. REFERENCIAL TEORICO

O nome Klotho foi escolhido com base na histéria de Cloto e suas irmas
Laquesis e Atropos, que na mitologia grega deu origem ao propdsito e destino de todos
0s seres humanos em suas vidas. Nesse caso, Cloto € a deusa responsavel pela
protecdo da vida (WELC et al., 2020).

O gene Klotho codifica uma glicoproteina transmembrana com um unico canal
do tipo | chamado Klotho, que possui um processo extracelular desenvolvido por duas
repeticdes internas (KL1 e KL2) e possui cerca de 450 aminoécidos. (KURO-O et al.,
2021). Diante do exposto, embora Klotho ndo permita a presenca de residuos de
glutamato conservados durante sua reproducéo, estes sdo essenciais para a atividade
catalitica, e estudos tém relatado as atividades de sialidase e Bglicuronidase dessa
proteina (EWENDT et al., 2020).

Klotho forma um complexo obrigatério com os receptores do fator de
crescimento de fibroblastos (FGFR), este ultimo é responsavel principalmente pela
acao homeostatica (IDE et al., 2016). As proteinas Klotho, aKlotho e BKlotho, sao
componentes essenciais dos complexos receptores do fator de crescimento de
fibroblastos endocrinos (FGF), pois sdo necessarios para a ligacdo de alta afinidade
de FGF19, FGF21 e FGF23 aos seus receptores FGF (FGFRs). Klotho é necessario
para que o FGF se ligue ao FGFR com alta afinidade, e € o complexo binéario de Klotho
e FGFR que funciona como o receptor fisiologico do FGF (KURO-O, 2019).

Além de serem reconhecidas na membrana plasmatica, as proteinas Klotho
foram encontradas no complexo de Golgi, e sdo expressas em multiplos tecidos e
orgaos sendo mais prevalentes no rim, onde sédo encontradas em niveis elevados,
principalmente em tubulos contorcidos terminais distantes e tubulos proximais
(ONISHI et al., 2020).

A proteina Klotho que foi identificada como o co-receptor FGF23 ficou
conhecida como aKlotho, codificada pelo aKlotho gene, também conhecido como KL.
(KUROSU et al, 2007). O FGF23 também atua na reabsorcéo renal de Ca2+ via
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TRPV5, um receptor transitério para canais catibnicos, ativando e mediando a acao
desse receptor. (WANG et al., 2021). O FGF23 se liga ao complexo aKlotho-FGFR e
medeia varios processos fisiolégicos para manter a homeostase do fosfato e do célcio,
principalmente regulando a fung&o dos rins e das glandulas paratireoides, sendo que
a interrupcéo do eixo endocrino FGF23-aKlotho tem um papel crucial na fisiopatologia
dos disturbios renais e 6sseos. (KURO-O, 2019).

aKlotho é uma proteina transmembrana que consiste em 1012 aminoacidos e
€ expressa em células epiteliais renais tubulares distais e proximais, sendo que o
gene aKlotho é abundantemente expresso em rins, glandulas paratiredides, plexo
cordide, bem como no coértex cerebral, medula espinhal, cerebelo, hipotalamo,
glandulas pituitarias, ovario, testiculos, células epiteliais do seio, placenta, pancreas,
endotélio vascular do musculo liso e intestinal (TROCHEL et al., 2021).

As citocinas proé-inflamatérias, como IL-1, IL-6 e fator de necrose tumoral,
podem induzir a expressao de FGF23 por meio da ativagdo de NF-kB (fator nuclear
kappa B), que desempenha funcgdes como fator de transcricdo na regulacdo da
resposta imunitaria, via de sinalizacdo da inflamacgédo (LAWRENCE, 2009). Quaisquer
fatores que aumentam a expressédo de FGF23, incluindo aumento da ingestdo de
fosfato, podem indiretamente diminuir a expressdo de aKlotho in vivo, portanto o
FGF23 é considerado um potente regulador negativo da expressao de aKlotho
(KURO-0, 2019). Estudos evidenciam o possivel envolvimento de aKlotho em muitas
vias, como a reabsorc¢ao de fosfato no rim, o metabolismo da vitamina D e a regulagéo
dos niveis intra e extracelulares de Ca 2*. (PESHES-YELOZ et al., 2019).

Trés Klothos formam um complexo com os receptores do fator de crescimento
de fibroblastos (FGFRs), proporcionando assim a afinidade de ligacdo seletiva dos
FGFRs aos FGFs enddcrinos, sendo que outros membros da familia Klotho séo
BKlotho e yKlotho (KIM et al., 2015).

BKlotho € composto por um dominio semelhante a B-glicosidase (dominio KL1
e 2) é uma proteina transmembrana de passagem uUnica, amplamente expressa em
varios tecidos, como tecido adiposo, pancreas e intestino, para regular a glicose e o
metabolismo lipidico (Hou et al., 2022). A proteina homodloga BKlotho é codificada
pelo BKlotho gene; também conhecido como KLB. BKlotho forma complexos binarios

com FGFR1c (expresso por adipécitos) e FGFR4 (expresso por hepatdcitos), que
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funcionam como receptores fisiolégicos para FGF21 e FGF19, respectivamente
(KUROSU et al, 2007).

yKlotho, uma proteina transmembrana de passagem Unica tipo 1 mais curta, é
feita de um dominio extracelular semelhante a glicosidase (dominio KL1) e um dominio
intracelular curto, sendo que é altamente expressa no rim e na pele (ITO et al, 2002).
yKlotho é expressa em tecido adiposo e o olho e pode funcionar como um co-receptor
adicional para FGF19, formando complexos com FGFR1b, FGFR1c,

FGFR2c e FGFR4, no entanto, a fungao bioldgica de yKlotho permanece indefinida
(KIM et al., 2015).

Klotho também faz interagdo com varios membros da familia Wnt, sendo que
animais com deficiéncia de klotho mostraram aumento da sinalizacdo de Wnt, tanto in
vitro como in vivo, e a exposicdo continua a Wnt desencadeou a senescéncia celular
acelerada. Assim, klotho parece ser um antagonista Wnt secretado e as proteinas Wnt
tém um papel no envelhecimento dos mamiferos (Liu et al, 2007).

Considera-se que alteracdo na sinalizacdo Wnt € um fator chave na iniciagéo
e/ou manutencédo e desenvolvimento de muitos canceres, afetando o comportamento
das células-tronco cancerigenas, que sdo consideradas como responsaveis pelo
estabelecimento do tumor e também pela recidiva da doenca, portanto o
desenvolvimento de novos compostos terapéuticos direcionados a via de sinalizacao
Wnt prometem ser uma nova esperanca para terapia oncolégica
(Duchartre et al., 2016).

Ao estudar a relacdo de klotho com a via Wnt em carcinoma hepatocelular
humano, TANG et al. (2016) observaram gue os niveis de expressao de klotho foram
significativamente menores no cancer do que em tecidos ndo cancerosos adjacentes,
sendo que o0s pacientes com tumores que expressavam klotho tiveram periodos de
sobrevida mais longos do que aqueles com tumores klotho-negativos.
(ABOLGHASEMI et al., 2019).

Klotho € um gene antienvelhecimento que recentemente demonstrou estar
envolvido no desenvolvimento de tumores hepaticos humanos. Sabe-se que a
sinalizacdo Wnt é antagonizada pelas proteinas klotho, sendo que a sinalizagdo Wnt
desempenha um papel importante na tumorigénese do carcinoma hepatocelular
(CHC) humano (PESHES-YELOZ et al., 2019). Klotho exibe mudltiplas fun¢bes, que
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incluem a melhora do estresse oxidativo e a inibicdo de vias de sinaliza¢ao do fator de
crescimento da insulina, Wnt/pB-catenina (TROCHEL et al., 2021).

Klotho dispbe de mudltiplas atividades pleiotrépicas, contendo a inibicdo das
basilares ferramentas de sinalizacdo, reducéo do estresse oxidativo e supressao da
inflamacgéo, sendo que essas atividades estdo fortemente relacionadas ao cancer
(LIGUMSKY et al., 2022.) Portanto, o papel de Klotho como um gene supressor de
tumor tem sido estudado desde a década de 1960, sendo importante na progressao
do cancer, na mitose e na previsdo do prognostico do paciente, associado a muitos

tumores hematologicos e sélidos. (GUNES et al., 2021).
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3. OBJETIVOS
Objetivo Geral
Realizar uma revisédo sistemética sobre o papel das proteinas Klotho em varios tipos

de céncer e seu potencial uso como marcadores diagndsticos e prognosticos.

Objetivos Especificos
+ Demonstrar o papel das proteinas aKlotho, BKlotho e yKlotho em varios

tipos de cancer e seu potencial uso como marcador diagndstico.

» Identificar o papel das proteinas aKlotho, BKlotho e yKlotho em varios

tipos de cancer e seu potencial uso como marcador prognostico.
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Abstract: Klotho proteins, aKlotho, fKlotho and yKlotho exert tumor suppressive
activities via the fibroblast growth factor receptors and multiple cell signaling
pathways. There is a growing interest in Klotho proteins as potential diagnostic
and prognostic biomarkers for multiple diseases. However, recent advances
regarding their roles and potential applications in cancer remain disperse and
require systematic analysis. The present review analyzed research articles
published between 2012 and 2022 in the Cochrane and Scopus scientific databases,
to study the role of Klotho in cancer and their potential as tools for diagnosing
specific cancer types, predicting tumor aggressiveness and prognosis. Twenty-six
articles were selected, dealing with acute myeloid leukemia and with bladder,
breast, colorectal, esophageal, gastric, hepatocellular, ovarian, pancreatic,
prostatic, pulmonary, renal and thyroid cancers. aKlotho was consistently
associated with improved prognosis and may be useful to estimate patient
survival. A single study reported the use of soluble aKlotho levels in blood serum
as a tool to aid the diagnosis of esophageal cancer. yKlotho was associated with
increased aggressiveness of bladder, breast and prostate cancer and BKlotho
showed mixed results. The further clinical development of Klotho-based assays
will require careful identification of specific tumor subtypes where Klotho
proteins may be most valuable as diagnostic or prognostic tools.

Keywords: liquid biopsy; cancer; klotho; prognosis; diagnosis
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1. Introduction

The Klotho proteins, alpha(a)Klotho [1-2] and beta(f3)Klotho [3] are
encoded by the KLA and KLB genes located in chromosomes 4 and 13,
respectively. aKlotho was originally identified in mice and elicited great
interest due to its anti-ageing properties [1]. It is expressed in a variety of
tissues and is located in the cell membrane as a type I single-pass 135 kDa
protein containing an N-terminal sequence, two extracellular domains
(designated KL1 and KL2) with glycosidase activity, a transmembrane
helix and an intracellular domain consisting of only 10 aminoacids [2]. The
aKlotho protein is also present in blood as a secreted protein generated by
alternative mRNA splicing containing the KL1 domain only [1] and as a
soluble protein that may contain KL1 alone or both the KL1 and KI2
extracellular domains [4]. Cleavage of the aKlotho extracellular domains
is mediated by a disintegrin and metalloproteinase domain-containing
(ADAM) proteins ADAM10 and ADAM17 [4]. The fKlotho protein shares
structural similarities with aKlotho and is also located in the cell’s plasma
membrane [3, 5], and soluble 3Klotho has also been reported [6]. Another
membrane-bound glycosidase-like protein, designated Klotho-lactase
phlorizin hydrolase was first identified in mice and is encoded by the
LCTL gene on chromosome 15 in humans [7]. The functions of this protein,
also referred to as yKlotho, are less clear than those of aKlotho and
BKlotho.

aKlotho binds to FGR receptors acting as a co-receptor for FGF23
and playing a key role on the renal regulation of phosphate levels [8-9].
BKlotho acts as a co-receptor for fibroblast growth factor 19 and 21 (FGF19
and FGF21), by forming binary complexes with FGFR4 and FGFRIc,
respectively [10-12]. Binding of Klotho with FGFR1c in adipose tissue or
FGFR4 in the liver and with endocrine ligands FGF21 and FGF19 triggers
multiple intracellular responses, as previously reviewed [13]. Canonically,
the binding of FGF21 to the pKlotho-FGFR1c complex activates ERK1/2
downstream signaling and regulates the synthesis of biliary acids in
hepatocytes, while FGF19 binds to PBKlothoFGFR4 complexes to
downregulate Cypl7al, also regulating hepatic bile production [11-15].

Loss of aKlotho has been consistently linked with chronic kidney
disease and phosphate metabolism dysfunction [16-17]. aKlotho
downregulation was also associated with pleiotropic effects associated
with aging [1, 13] and is proposed to act as a tumor suppressor, as recently
reviewed [18]. Interestingly, PKlotho has been associated with both
tumorigenic and tumor-suppressive effects in different types of cancer,
suggesting a more complex scenario with multiple contextspecific
activities [19-21]. yKlotho expression has also been studied in multiple
types of cancer [22-23]. Accumulating data suggests that the tissue
expression of Klotho proteins and, especially, the detection and
quantitation of their soluble forms in body fluids like blood serum may be
useful for establishing the diagnosis and prognosis of some types of cancer
[6, 24-25]. The present review aims to systematically analyze scientific data
regarding the role of Klotho proteins in cancer and to retrieve information
regarding their potential use as diagnostic and prognostic biomarkers.
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2. Materials and Methods

The systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [61] according to the following parameters:
population: cancer patients, in wvivo and in wvitro cancer models.
Intervention: expression of Klotho genes. The search strategy
contemplated three standard databases on biomedicine: PubMed, Scielo,
and ScienceDirect, accessed in April 2023. The keywords "cancer AND
Klotho" were applied. The following inclusion criteria were established
concerning: type of study (case series and case—control studies in humans;
experimental in vitro and in vivo studies) and outcomes (effects of Klotho
gene products in cancer). Exclusion criteria were lack of clear definition of
cancer type or controls, lack of Klotho gene product quantification, case
reports, review articles, commentaries, hypothesis and meta-analyses,
languages other than English. The abstracts and, when necessary, the
materials and methods, were analyzed to apply inclusion and exclusion
criteria.

3. Results

Most publications were excluded due to duplication between databases,
or by applying exclusion criteria. Many articles dealt with other
pathologies where Klotho proteins are thought to play significant roles,
most prominently renal diseases. Overall, after applying inclusion and
exclusion criteria, 26 articles were selected for further analysis (Figure 1).
Fourteen of the articles were published in the first half of the 10-years
period included in this systematic review (2012-2017) (Table 1). Most
studies used in vitro and/or clinical observational approaches, with only 7
articles using in vivo studies with animal models. Clinical observational
studies often described the expression of Klotho genes at the RNA and/or
protein levels and provided correlations between these marker’s
expression levels and relevant clinical parameters. Remarkably, none of
the clinical studies adopted an interventional approach. In vitro studies
provided insights into the regulation of Klotho protein’s expression and
their effects in cancer cell. Among the 26 selected articles, 21 dealt with
aKlotho, 5 with pKlotho and only 3 with yKlotho, with one article
studying a and pKlotho and another studying all the three proteins.
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Studies included in review
(n=26)

Figure 1. Systematic review of Klotho in cancer and resulting publications for
analysis.

Table 1. Characteristics of the 26 articles included in the systematic review.

Reference Year Type of Cancer In vitro In vivo Clinic'al
(observational)

[26] 2012 Hepatocellular carcinoma X X

[27] 2013 Prostate cancer X X

[28] 2013 Lung cancer X X

[29] 2013 Hepatocellular carcinoma X X

[30] 2013 Renal cell carcinoma X X

[31] 2015 Renal cell carcinoma X

[32] 2015 Ovarian cancer X X

[33] 2015 Acute myeloid leukemia X
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2015 Hepatocellular carcinoma
2015 Breast cancer
2016 Thyroid cancer
2016 Esophageal cancer
Pulmonary squamous cell
2017 .
carcinoma
2017 Ovarian cancer
Pancreatic

2018 ]

adenocarcinoma
2018 Bladder cancer

Large cell neuroendocrine
2019
lung cancer

2019 Colorectal cancer
2020 Prostate cancer
2020 Colorectal cancer
2020 Gastric adenocarcinoma
2021 Colorectal cancer
2021 Pancreatic cancer
2021 Gastric cancer X
2022 Hepatocellular carcinoma X X
2022 Colorectal cancer X

The main findings of the 21 articles addressing aKlotho in cancer are
summarized in Table 2. Four studies were focused on colorectal cancer,
another three on lung cancer, two on hepatocellular carcinoma, two on
ovarian cancer, two on renal cell carcinoma, and two on gastric cancer.
Prostate cancer, acute myeloid leukemia, thyroid cancer, esophageal
cancer, breast cancer and pancreatic cancer were each studied by a single
article. aKlotho was generally found to act as a tumor suppressor and its
downregulation was consistently associated with aggressive tumor
phenotypes and worse prognosis. Importantly, the quantitation of
aKlotho levels on tumor tissues using immunohistochemistry (IHC) was
of prognostic significance in multiple types of cancer. Soluble aKlotho can
be quantified in blood serum using ELISA and aKlotho levels were also
suggested to have diagnostic and prognostic value for esophageal and
renal cancer, respectively. KLA promoter methylation and mRNA
expression levels by quantitative real-time PCR (qRT-PCR) were also
reported to have prognostic value in prostate cancer, hepatocellular
carcinoma and pancreatic cancer.

Table 2. Studies dealing with aKlotho.
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Cancer type

Reference

Potential
Type of sample Main findings
applications

Screening of patients

Frozen and FFPE cancer KLA gene expression detected in all cell who may benefit
tissues. PC3, DU145, lines by qRT-PCR and FGF19 stimulates from anti-FGFR

Prostate cancer [27] VCaP, LNCaP cancer cell PCa cells in vitro. aKlotho detected by therapies and may
lines, PNTlanormal IHC in 50% primary and 90% metastatic using IHC on tumor
prostate cells. PCa samples.
tissues.
28] A549 and H460 tumor aKlotho downregulation promotes cells
and xenografts. cisplatin resistance in vitro and in vivo.
FFPE cancer tissues
aKlotho expressed in 100% centrally
137] (centrally located early locat.ed early lung cancer samplles. but
Lung cancer lung cancer and SCC), only in 13.% SCC using IHC Inhibited N-
A549 and SQ5 tumor cell cadherin expression in vitro.
lines.
FFPE cancer tissues Tissue expression (large cell ~ aKlotho expressed in % patients
[40] and  may predict neuroendocrine lung associated with survival.
prognosis (survival). cancer)
Frozen and FFPE tumor aKlotho promoter
and adjacent tissues. aKlotho is downregulated at mRNA andmethylation and
HRPG2, BEL-7402, protein levels in HCC versus adjacent ~ protein expression
[29] SMMC-7721, HL7702, tissue; promoter methylation and may predict
Hepatocellular HUH-7, MHCC-97-H reduced protein expression correlate prognosis (survival)
carcinoma cancer cell lines and L-02 with reduced survival. hepatocytes.
HepG2 and SMMC-7721 Recombinant aKlotho downregulates
[34]  cancer cell lines, L-02 Wnt/B-catenin signaling suppressing
hepatocytes.  proliferation and inducing apoptosis.
aKlotho tissue expression (IHC) Potential IHC
786-0O, OS-RC-2, ACHN, inversely correlated with tumor size, marker of tumor
[30] Caki-1 and Renca cancer aggressiveness.
TNM stage and nuclear grade. In vitro
cell lines. Tumor tissue. blocked EMT via PI3K/Akt/GSK3 [/Snail.
aKlotho is downregulated in tumor Serum aKlotho
Renal cell tissue at RNA (qRT-PCR) and protein  evels using ELISA
carcinoma Frozen tumor and may predict
(IHC) levels. Reduced serum levels prognosis including
[31] adjacent tissue (clear cell survival.

(ELISA) associated with higher tumor
RCC). Preoperative volume, Fuhrman grade, clinical stage,
blood serum. reduced cancer-specific survival and

progression-free survival.
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Tumor (high-grade
papillary-serous aKlotho was reduced in tumor versus

Ovarian cancer [32] adenocarcinoma) and adjacent tissues (IHC) and in 16/19 cell
adjacent ovarian tissues. lines (QRT-PCR).
19 cancer cell lines.
aKlotho was reduced in tumor versus Tissue expression
FFPE and frozen tumor adjacent tissges (IHC). R.eduction using IHC n}ay
] ) correlates with low survival. Tumor predict survival.
[38] and adjacent tissues. 7 i
1l lines xenografts expressing aKlotho had lower
caneer ce ’ size. KLA" mice showed higher IL-6 levels
in response to xenografts.
Exposure to miR-126-5p decreased aKlotho may predict
Acute myeloid aKlotho levels, induced Akt cytarabine resistance
ye [33] KG-1 cells ver , yrarabl
leukemia phosphorylation and cytarabine
resistance.
F t d
rc.)zen uTnor an aKlotho was downregulated in cancer
Breast cancer [22] adjacent tissues. versus adjacent tissue. Undetectable in
MDAMB-231 and H357T ) ‘
] both cell lines.
cancer cell lines.
Follicular thyroid 35 FTC133 and FTC238 aKlotho reduced cell proliferation and
carcinoma [3] cancer cell lines induced apoptosis in vitro.
Tissues levels (IHC)
aKlotho was downregulated in cancermay predict
. versus adjacent tissu? (IHC). Correlates prognosis including
Esophageal a6 FFPE cancer and ad]acenti\;lv‘llts; Slzrll}}?roved survival, survival. Serum 327
cancer tissues. Blood serum correlated with staging, grade, lymph pg/mL cut-off
from patients/controls. node metastasis, B-catenin. Serum levels ~ (ELISA) is diagnostic
higher in patients versus controls. with sensitivity 81%
and specificity 81%.
Lower aKlotho (IHC) associates with Tissues levels (IHC)
FFPE tumor tissue. RKO lower patient survival. aKlotho prevents may predict survival.
[41] and LoVo cancer cell pro-tumorigenic effects of senescent cells
lines, Wi-38 and HUVEC in vitro and in vivo via NFxB/CCL2
cells. blockade.
Colorectal cancer (43] Six cancer cell lines andFL-1 regulates aKlotho expressionin  cancer
normal cells. cells.
aKlotho induces apoptosis via TRAIL death
[45] CaCo-2 cells
receptor.
[49] HT29 cancer cell line,  aKlotho induces apoptosis specifically in cancer
CCD841 cells. cells
(44] 6 cancer cell lines andSOX17 regulates aKlotho expression in cancer
normal cells cells in vitro.
Gastric cancer HGC-27, AGS, MKN-45, Fflrcular RNA ITCH Tlpr.egl%lates aKlotho MGC-803,
(47] HE-293-T by sponging out miR-199-5p, inhibiting

cancer cell lines, GES-1  cell proliferation, migration, invasion and
cells EMT
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Promoter methylation and mRNA

Methylation and

downregulation associated with reduced expression levels
TCGA pancreatic ductal survival. aKlotho knockdown synergizedmay predict survival.

Pancreatic cancer  [46] adenocarcinoma with Kras mutation to promote
datasets, 3 mouse models carcinogenesis. Soluble aKlotho inhibited
xenograft growth and promoted survival of
KPC mice.

The 5 articles focused on $Klotho are addressed in Table 3, which
summarizes their main findings. Two articles dealt with hepatocellular
carcinoma, while prostate cancer, breast cancer and pancreatic
adenocarcinoma were studied in one article each. In hepatocellular
carcinoma, fKlotho was proposed to mediate tumor aggressiveness via
FGEFR signaling and may be useful in selecting patients who may benefit
from anti-FGFR therapies. A similar scenario was suggested by the single
study focused on prostate cancer. Conversely, in breast and pancreatic
cancers, (Klotho was proposed to act as tumor suppressor.

Table 3. Studies dealing with fKlotho.
Cancer type Reference Type of sample Main findings Potential applications
S i f patient:
KLB gene expression is upregulated in crecting ot patent .S
. ] . who could benefit
Tumor and adjacentcancer tissues. A >2-fold increase .
[26] . . . . from anti-FGFR
tissue in Trizol correlates with development of . o
ltiple lesions therapies. Prediction
mu .
Hepatocellular p of lesion multiplicity.
carcinoma
pKlotho mediates FGF9 pro-survival  Screening of patients
(48] Cell lines and xenograftfunctions via FGFR3 and FGFR4. who could benefit
mouse model Inhibiting BKlotho was more effective from anti-FGFR
than inhibiting FGFR4. therapies.
) KLB gene expression observed with ~ Klotho IHC may be
Frozen primary tumor . .
) qRT-PCR in DU145 and VCaP only and useful for screening
tissue, FFPE metastases. . .
FGF19 showed stimulatory effects. patients that could
Prostate cancer [27] PC3, DU145, VCaP, . Lo .
i pKlotho was detected in a majority of benefit from
LnCaP cancer cell lines, L . . .
antiprimary and metastatic lesions using FGFR
PNT1a cells.
therapy. IHC.
Frozen tumor and BKlotho was downregulated in cancer
adjacent tissue. versus normal tissues and was
Breast cancer [22] . . .
MDAMB-231 and undetectable in both cell lines, suggesting
HS578T cancer cell lines. tumor suppressor role.
: Gene expression data , L KLB gene expression
Pancreatic 39 ¢ Gene E . High KLB mRNA expression is may be useful to
adenocarcinoma [39] rom ene EXPrEssIon  »ssociated with increased overall predict patient

Omnibus database. survival. survival.
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YKlotho was studied in three articles, summarized in Table 4. Breast,
prostate and bladder cancers were studied in one article each. All three
articles found that higher yKlotho expression is associated with cancer
aggressiveness and poor prognosis, suggesting that yKlotho levels
assessed at the mRNA or at the protein level may be useful to predict
patient survival and response to therapy.

Table 4. Studies dealing with yKlotho.

Cancer type

Reference

Type of sample Main findings Potential applications

LCTL gene expression is upregulated in LCTL gene expression
cancer versus normal tissues, especially using qRT-PCR may
Frozen tumor and in triple-negative lesions, using qRT- be useful to predict
adjacent tissue. MDA-

Breast cancer [22] PCR, correlating with increased cell ~ patient survival.
MB-231 and HS578T proliferation, histological grade, TNM
cancer cell lines.
stage and reduced progression-free survival.
vKlotho IHC may
Higher yKlotho expression observed by
FFPE tumor tissue from predict overall
IHC in tumor tissue correlates with
castration-resistant survival and response
Prostate [42] .
reduced overall survival and poor
prostate cancer and cell to docetaxel in
response to docetaxel in patients and in
lines. castration-resistant
a mouse xenograft model. prostate cancer.
Higher yKlotho expression observed by yKlotho IHC may
IHC in muscle invasive versus non- predict overall
FFPE pre-treatment muscle-invasive lesions. In non-muscle-survival in patients
Bladder cancer [23]  tumor tissue. UMUCS, invasive lesions yKlotho levels with non-muscleMGH-U3

and J82 cells.
correlated with poor progression-free invasive bladder
survival. cancer.

3. Discussion

The three Klotho proteins have complex roles in different types of
cancer. The role of yKlotho is less well defined than that of its related
Klotho proteins, partially because of its unusual molecular structure and
also because it was discovered more recently. The present review
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systematic organized data from scientific articles published between 2012
and 2022, regarding the roles of Klotho proteins in cancer and their
potential use as diagnostic and prognostic tools.

The role of all three proteins was studied in prostate cancer. This is a
highly prevalent disease in middle aged to older men, which usually
develops as an androgen dependent adenocarcinoma, but may progress
to an androgen-independent castration-resistant phenotype and to a
small-cell neoplasia, often displaying neuroendocrine markers, which are
associated with poor patient prognosis [50]. aKlotho and pKlotho
expression was detected in prostate cancer cell lines representing prostate
adenocarcinoma and small cell carcinoma, as well as in tumor tissues from
primary tumors and metastasis, where they seem to mediate FGFR
signaling [27]. It was further suggested that IHC tests for detecting
aKlotho and BKlotho in tumor tissue may be of use to predict response to
anti-FGFR therapies [27]. yKlotho expression in castrationresistant
prostate cancer was associated with reduced survival and resistance to
docetaxel [42], which is used as chemotherapy for such advanced cases
[51]. Taken together, these results suggest that the immunoexpression
patterns of Klotho proteins on prostate cancer tissues may be a valuable
tool for tailoring treatment regimens for specific patients.

Lung cancer is also a common and aggressive malignancy, which
includes multiple subtypes with distinct biological behavior [52]. Loss of
aKlotho expression was consistently associated with increased tumor
aggressiveness in three studies using in vitro and in vivo models [28] and
clinical observational studies of neuroendocrine tumors [40], early
centrally-located cancers and squamous cell carcinomas [37]. The
observation that aKlotho may predict survival in patients with large cell
neuroendocrine lung cancer is of particular interest, as it suggests that this
marker has prognostic value in this specific lung cancer subtype [40].
Additionally, limited in vivo and in vitro data suggests that aKlotho
downregulation may predict resistance to cisplatin-based chemotherapy
[28], but additional studies are required to confirm this hypothesis.
Hepatocellular carcinoma is the most common type of liver cancer [53].
While aKlotho was reported to act as a tumor suppressor [29, 34], fKlotho
showed oncogenic activity via enhanced FGFR signaling [26, 48].
Importantly, aKlotho gene promoter methylation and protein expression
may be if use as prognostic markers to estimate patient survival [29], while
PKlotho may be a useful marker to predict response to anti-FGFR
therapies [26].

In renal cell carcinoma, aKlotho downregulation was also reported to
act as a tumor suppressor, and its loss was associated with tumor
aggressiveness [30, 31]. Of particular interest is the use of ELISA tests to
detect soluble aKlotho in blood serum samples, as reduced levels of this
protein were significantly associated with the of patients with the clear cell
subtype of RCC [31]. These findings suggest that such tests may be used
in liquid biopsies to help establishing the prognosis of specific RCC patient
subgroups.

Ovarian cancer is a frequent malignancy in women [54], and aKlotho
was reported to act as a tumor suppressor in this type of cancer using
experimental and clinical approaches [32, 39]. Importantly, one study
suggested that reduced aKlotho immunoexpression in cancer tissues may
be useful as a prognostic marker to predict poor patient survival [39]. The
same study reported that aKlotho associated with higher interleukin-6
(IL-6) circulating levels. IL-6 is a pro-inflammatory cytokine that mediates
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some paraneoplastic syndromes like cancer cachexia [55], so it is
interesting to speculate that aKlotho expression levels may also be used
to predict the development of such syndromes.

In acute myeloid leukemia, loss of aKlotho was reported to associate
with cytarabine resistance in vitro, suggesting its possible use as a tool to
design tailored therapies for leukemia patients [33]. Additional studies are
needed to test this hypothesis, as cytarabine remains an important drug
for treating this type of leukemia [56].

Breast cancer is highly prevalent in women and is often
lifethreatening [57]. In one study, aKlotho and pKlotho were
downregulated in tumor tissue versus adjacent tissue, suggesting they act
as tumor suppressors [22]. Conversely, higher yKlotho (LCTL) gene
expression levels using qRT-PCR were found in cancer versus adjacent
tissue, specifically in the aggressive triple-negative cancer subtype [22, 58],
suggesting it is associated with tumor aggressiveness. Interestingly, it was
suggested that qRT-PCR for LCTL may be useful as a prognostic marker
to estimate patient survival in patients with triple-negative breast cancer
[22].

In papillary thyroid cancer, a single study [35] reported that aKlotho
was able to reduce cell proliferation and induce apoptosis in vitro. The
potential use of this protein for diagnostic and prognostic purposes in
thyroid cancer remains to be determined.

In esophageal cancer, an interesting study [36] reported that the levels
of soluble aKlotho in blood serum as detected by ELISA were higher in
patients versus healthy controls. A cut-off value was estimated that
allowed researchers to distinguish between patients and controls with
approximately 81% sensitivity and specificity. Interestingly, in tissue
samples, aKlotho was expressed at higher levels in adjacent versus tumor
samples, and aKlotho down-regulation correlated with increased tumor
aggressiveness and reduced patient survival. These data highlight the
potential of aKlotho as a marker in liquid biopsies for the diagnosis of
esophageal cancer, while tissue levels may have prognostic significance.

Colorectal cancer is highly prevalent in multiple world regions and
large bowel carcinogenesis is associated with chronic inflammation [59].
In this type of cancer, 4 studies consistently reported that aKlotho acts as
a tumor suppressor [41, 43, 45, 49]. In vitro tests revealed new regulatory
pathways that control aKlotho expression via FL-1 [43] and support the
pro-apoptotic role of aKlotho via TRAIL [45]. Interestingly, one study
described how aKlotho downregulation promotes a senescenceassociated
secretory phenotype in mesenchymal cells that may contribute to
tumorigenesis via the nuclear factor kappa-light-chainenhancer of
activated B cells (NF«B) signaling pathway [41]. This is a pivotal mediator
of inflammation and tissue repair, but also of carcinogenesis in specific
settings. Chronic inflammation is a key player in colon cancer and the
secretion of NFkB-controlled C-C motif chemokine ligand 2 (CCL2) by
senescent stromal cells was proposed to promote carcinogenesis of the
colon. aKlotho abrogated CCL2 signaling and was associated with
improved patient survival, suggesting it may be of use as a prognostic
marker.

Two in vitro studies addressed the role of aKlotho in gastric cancer,
further associating aKlotho downregulation with aggressive cancer
phenotypes [44, 47]. SOX17 and an epigenetic pathway involving circular
RNA ITCH and miR-199-5p were shown to regulate aKlotho expression
in gastric cancer cells. While these findings support the role of aKlotho as
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a tumor suppressor, further developments are needed to explore its
potential role as a diagnostic or prognostic marker in gastric cancer.

A single study addressed the role of aKlotho in pancreatic
adenocarcinoma, and concluded that KLA gene expression levels and
promoter methylation may have prognostic value, as increased KLA
promoter methylation and decreased mRNA expression levels were
associated with lower patient survival [46]. This was further supported by
tests in three complementary mouse models, where aKlotho decreased
cancer growth and improved survival. Another study using expression
data from the GEO database also suggested that KLB upregulation is
associated with improved survival in pancreatic cancer patients [39].
Taken together, these data provide evidence to support the further
development of Klotho as prognostic markers in pancreatic
adenocarcinoma.

Urothelial carcinoma of the urinary bladder is a common malignancy
that includes highly aggressive forms which invade the bladder’s
muscular layer, and non-muscle invasive forms associated with local
recurrence [60]. One study reported that yKlotho expression was observed
in both muscle-invasive and non-muscle invasive bladder cancer using
IHC, and that expression levels were associated with poor overall survival
among patients with non-muscle-invasive cancer [23].

4. Conclusions

Overall, the data sets published between 2012 and 2022 provide
evidence supporting the development of klotho genes and their mRNA
and protein products as potential prognostic markers. in multiple types of
cancer, especially in the prediction of patient survival. While aKlotho was
consistently associated with improved patient prognosis, yKlotho was
associated with increased cancer aggressiveness and Klotho showed
mixed results. It is critical to accurately identify specific tumor subtypes
where Klotho is of interest (muscle-invasive versus non-muscle invasive
urothelial carcinoma) to take most advantage of its potential. The use of
klotho levels as diagnostic markers was less frequently observed in the
literature, although one study provided detailed data regarding soluble
aKlotho levels in blood serum and the diagnosis of esophageal cancer.
However, most studies still did not present such detailed results and the
clinical use of Klotho will require additional development.
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5. CONCLUSOES

Klotho e suas proteinas parecem desempenhar papel como potenciais marcadores de
prognostico em varios tipos de cancer. Enquanto, o aKlotho foi consistentemente
associado a um melhor prognéstico do paciente, o yKlotho foi associado ao aumento
da agressividade do cancer e o BKlotho apresentou resultados mistos. E fundamental
identificar com precisdo os subtipos de tumores e a expressdo do Klotho para
aplicabilidade ao maximo do seu potencial biolégico. No entanto, a maioria dos
estudos ainda ndo apresentou resultados tdo detalhados e o uso clinico do Klotho

exigira mais estudos futuros.
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