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RESUMO 

 

Introdução: O número crescente de portadores de doença renal crônica (DRC), causado 

principalmente por mudanças no estilo de vida e pelo envelhecimento da população, demonstra 

a necessidade da identificação de novos biomarcadores que possibilitem o monitoramento da 

progressão da DRC e, consequentemente, a predição para a doença renal em estágio terminal 

(DRET). Objetivo: Analisar o perfil proteômico em amostras de urina de indivíduos saudáveis 

e no estágio final da doença para identificação de potenciais biomarcadores para a DRC. 

Metodologia: Foram coletadas amostras de urina de 10 indivíduos saudáveis e 10 portadores 

de DRC em estágio final. Estas amostras foram analisadas de acordo com as seguintes etapas 

da metodologia shotgun: precipitação das proteínas, detecção colorimétrica e dosagem das 

proteínas, digestão em solução e dessalinização dos peptídeos. Em seguida, os peptídeos foram 

analisados em um equipamento de cromatografia líquida acoplado a um espectrômetro de 

massas em tandem e, por fim, realizou-se pesquisas de bioinformática, ontologia gênica e de 

interação das proteínas. Resultados: Foram identificadas 416 proteínas no perfil proteômico 

dos grupos analisados e 19 proteínas apresentaram diferenças estatisticamente significativas 

entre os grupos. Destas, cinco proteínas (hemopexina, beta-2-microglobulina, proteína de 

ligação ao retinol 4, transtirretina e fator D) foram consideradas potenciais biomarcadores para 

a DRC. Conclusão: As proteínas encontradas foram capazes de caracterizar e diferenciar os 

perfis proteômicos urinários dos dois grupos. Também, as cinco proteínas selecionadas podem 

ser vistas como potenciais candidatas a biomarcadores da DRC. 

Palavras-chave: Biomarcadores. Doença renal crônica. Progressão da doença. Proteômica. 
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ABSTRACT 

 

Introduction: The growing number of people with chronic kidney disease (CKD), caused 

mainly by changes in lifestyle and the aging of the population, demonstrates the need to identify 

new biomarkers that enable the monitoring of the progression of CKD and, consequently, the 

prediction for end-stage renal disease (ESRD). Objective: To analyze the proteomic profile in 

urine samples from healthy individuals and those in the final stage of the disease to identify 

potential biomarkers for CKD. Methodology: Urine samples were collected from 10 healthy 

individuals and 10 with end-stage CKD. These samples were analyzed according to the 

following steps of the shotgun methodology: protein precipitation, colorimetric detection and 

protein measurement, in-solution digestion and peptide desalting. Next, the peptides were 

analyzed using liquid chromatography equipment coupled to a tandem mass spectrometer and, 

finally, bioinformatics, gene ontology and protein interaction research was carried out. Results: 

416 proteins were identified in the proteomic profile of the analyzed groups and 19 proteins 

showed statistically significant differences between the groups. Of these, five proteins 

(hemopexin, beta-2-microglobulin, retinol-binding protein 4, transthyretin and factor D) were 

considered potential biomarkers for CKD. Conclusion: The proteins found were able to 

characterize and differentiate the urinary proteomic profiles of the two groups. Also, the five 

selected proteins can be seen as potential candidates for CKD biomarkers. 

Key words: Biomarkers. Chronic kidney disease. Disease progression. Proteomics. 
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 1 - Introdução 1 

As doenças crônicas não transmissíveis (DCNT) são consideradas um importante 2 

problema de saúde pública pois, são responsáveis por aproximadamente 38 milhões de mortes 3 

por ano em todo o mundo (Carvalho et al., 2021). Estas doenças são caracterizadas pela longa 4 

duração e origem não-infecciosa, sendo o resultado de fatores genéticos, ambientais, 5 

fisiológicos e comportamentais (Silva et al., 2022). Dentre as DCNT, destaca-se a doença renal 6 

crônica (DRC) (Brasil, 2014). 7 

A DRC é definida como uma perda progressiva da função renal associada a consequente 8 

redução da capacidade de filtração do sangue e da manutenção da homeostase (Aguiar et al., 9 

2020). Esta doença pode ser determinada pela taxa de filtração glomerular (TFG) inferior a 10 

60mL/min/1,73m² ou pela TFG superior a 60mL/min/1,73m² associada a pelo menos um 11 

marcador de dano renal – como a albuminúria – por um período de três meses ou mais, 12 

independentemente da causa (KDIGO, 2013). 13 

Com relação à prevalência global, estima-se que aproximadamente 843,6 milhões de 14 

pessoas foram acometidas por esta doença (Kovesdy, 2022) no ano de 2017. Já no Brasil, 15 

presume-se que mais de dez milhões de pessoas possuam a DRC (Brasil, 2019). Assim, esta 16 

doença está associada com taxas elevadas de morbidade e mortalidade e alto impacto 17 

socioeconômico em todo o mundo (Aguiar et al., 2020).  18 

O diagnóstico precoce da DRC é essencial para diminuir a morbidade e mortalidade dos 19 

pacientes por meio da adoção de medidas capazes de reduzir a progressão da DRC para o 20 

estágio terminal (Dumont et al., 2021). Contudo, nos estágios iniciais desta doença, são 21 

percebidos poucos sinais e/ou sintomas no indivíduo, o que dificulta a detecção precoce (Lee 22 

et al., 2020). Soma-se a isso o fato de que os parâmetros utilizados atualmente não são 23 

considerados sensíveis para detecção desta doença nos primeiros estágios (Dumont et al., 24 

2021). 25 

Diante do exposto, percebe-se a necessidade de identificar novos biomarcadores para a 26 

realização do diagnóstico e do monitoramento da progressão da DRC para o estágio terminal 27 

(Hocher & Adamski, 2017). A abordagem ômica é considerada um meio para a descoberta 28 

destes biomarcadores, que podem ser medidos em amostras de tecido, saliva, urina, sangue, 29 

entre outros (Hocher & Adamski, 2017). Dentre as técnicas utilizadas, destaca-se a análise 30 
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proteômica de amostras de urina visto que, a coleta deste material biológico é feita de forma 31 

simples e não invasiva (Good et al., 2010). 32 

Dessa forma, o presente estudo se justifica pela proposta de comparar o perfil 33 

proteômico de dois grupos – sendo um grupo de indivíduos saudáveis e o outro formado por 34 

pacientes no estágio final da DRC – por meio da análise de amostras de urina em um 35 

equipamento de cromatografia líquida associado à espectrometria de massas em tandem (LC-36 

MS/MS). Até o momento, existem poucos estudos publicados envolvendo a proteômica urinária 37 

e a DRC em estágio final (Nkuipou-Kenfach et al., 2014; Zhao et al., 2021), portanto, este 38 

estudo pode contribuir com novos achados a respeito deste tema. 39 

 40 

 41 

 42 

 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 
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2 - Fundamentação teórica 55 

2.1 – Doença renal crônica 56 

A DRC é uma condição progressiva que envolve mudanças funcionais e estruturais nos 57 

rins (Kalantar-Zadeh et al., 2021), como: perda irreversível de néfrons, redução da capacidade 58 

de regeneração, danos microvasculares, estresse oxidativo, inflamação e fibrose (Ruiz-Ortega 59 

et al., 2020). 60 

Os principais fatores de risco para o desenvolvimento desta doença são: hipertensão 61 

arterial (HA), diabetes melito (DM), dislipidemia, obesidade, sedentarismo, tabagismo, entre 62 

outros (Lo et al., 2023). De acordo com o Censo Brasileiro de Diálise realizado no ano de 2021, 63 

a HA se destaca como a doença de base predominante nos portadores em terapia renal 64 

substitutiva (TRS), o que corresponde a 32% do total de casos (Nerbass et al., 2022). 65 

A idade avançada também é um fator que pode contribuir para o aumento do risco de 66 

desenvolvimento da DRC, visto que, o envelhecimento fisiológico leva à redução do fluxo 67 

sanguíneo renal e ao aumento da permeabilidade da membrana dos glomérulos renais (Malta et 68 

al., 2019). Em concordância, dados do inquérito National Health and Nutrition Examination 69 

Survey (NHANES) – realizado com a população dos Estados Unidos da América no ano de 70 

2018 – evidenciaram um aumento da prevalência de DRC à medida em que a idade progredia, 71 

sendo de 6,6% em indivíduos de 20 a 39 anos, 10,6% na faixa etária de 40 a 59 anos e 32,6% 72 

em pessoas com 60 anos ou mais de idade (Centers for Disease Control and Prevention, 2018). 73 

Uma revisão sistemática encontrou a prevalência de 11-13% de DRC em todo o mundo, 74 

sendo que as maiores taxas foram observadas no sexo feminino e em países desenvolvidos (Hill 75 

et al., 2016). Também, estima-se que 1,2 milhões de pessoas morreram no ano de 2017 devido 76 

a esta doença (GBD, 2020).  77 

2.2 – Métodos diagnósticos da DRC 78 

A DRC pode ser classificada por meio da TFG, que é definida como o volume de líquido 79 

filtrado dos capilares glomerulares para a cápsula de Bowman por unidade de tempo (López-80 

Giacoman, Madero, 2015). Entretanto, a medição direta desta taxa é inviável pois, o processo 81 

de filtração ocorre simultaneamente em milhões de glomérulos e dessa forma, há alteração no 82 

volume e na composição do filtrado. Sendo assim, a TFG pode ser medida indiretamente por 83 

meio da eliminação de marcadores de filtração glomerular, como a inulina. A inulina é derivada 84 

de um polímero de frutose e é uma substância fisiologicamente inerte, tornando-a ideal para a 85 
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medição da TFG. Porém, devido à necessidade de infusões contínuas e várias coletas de 86 

amostras de sangue e urina, este método apresenta um alto custo e é considerado invasivo 87 

(López-Giacoman, Madero, 2015). 88 

A TFG também pode ser estimada por meio de marcadores endógenos, como a cistatina 89 

C e a creatinina sérica. Na prática clínica, a creatinina é a mais utilizada em função da 90 

disponibilidade e do baixo custo, porém, não é considerada um parâmetro sensível nos estágios 91 

iniciais da doença visto que, a alteração nos níveis deste marcador ocorre após a redução de 50 92 

a 60% da TFG, ou seja, a sua utilização pode contribuir para o subdiagnóstico precoce da DRC 93 

(Malta et al., 2019). Também, esta medida pode ser influenciada por diversos fatores, como: 94 

quantidade de massa muscular, secreção dos túbulos renais, dieta hiperproteica, atividade física, 95 

entre outros (Zou et al., 2020). Com relação à cistatina C, vale ressaltar que esta também possui 96 

algumas limitações para a medição, isto é, os níveis deste marcador podem estar alterados nas 97 

seguintes situações: inflamação, tratamento com uso de medicamentos esteroides e disfunção 98 

na tireoide (Cañadas-Garre et al., 2018a). 99 

Quanto ao cálculo da estimativa da TFG, algumas fórmulas podem ser utilizadas. Dentre 100 

elas, as mais conhecidas são: Cockcroft Gault (1976), The Modification of Diet in Renal Disease 101 

(MDRD) (Levey et al., 1999) e The Chronic Kidney Disease Epidemiology Collaboration 102 

(CKD-EPI) (Levey et al., 2009). Atualmente, a fórmula CKD-EPI é recomendada pelo 103 

Ministério da Saúde do Brasil e pelo Kidney Disease: Improving Global Outcomes (KDIGO) 104 

(KDIGO, 2013; Brasil, 2014). 105 

De acordo com KDIGO (2013), a DRC pode ser categorizada em 6 estágios por meio 106 

do valor da TFG. Esta classificação está representada no quadro a seguir: 107 

Quadro 1. Classificação da DRC segundo o valor da TFG. 108 

Estágio da DRC Definição Valor da TFG 

1 Lesão renal com TFG normal ou aumentada ≥ 90 

2 Lesão renal com TFG ligeiramente diminuída 60-89,9 

3A Lesão renal com TFG moderadamente diminuída 45-59,9 

3B Lesão renal com TFG moderada a severamente 

diminuída 

30-44,9 

4 Lesão renal com TFG severamente diminuída 15-29,9 

5 Falência renal < 15 

Fonte: Adaptado de KDIGO (2013) 109 
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O dano renal pode ser avaliado por meio da medida da albuminúria ou proteinúria, que 110 

são marcadores associados a rápida evolução da doença. Entretanto, estes marcadores nem 111 

sempre estão presentes no indivíduo com DRC ou podem variar de acordo com o estágio da 112 

doença (KDIGO, 2013). 113 

Na medida em que a lesão renal progride, podem aparecer diversas complicações no 114 

organismo, como: anemia, distúrbio mineral e ósseo, doenças cardiovasculares, anorexia, 115 

fadiga, náuseas, desordens plaquetárias, acidose metabólica, entre outras (Bello et al., 2017). 116 

2.3 – Tipos de tratamento da DRC 117 

O tratamento conservador possui o intuito de desacelerar a progressão da DRC para os 118 

estágios mais avançados, reduzir os sintomas e prevenir as complicações associadas a esta 119 

doença. Assim, recomenda-se o controle da glicemia, da pressão arterial e da dislipidemia; 120 

interrupção do tabagismo; uso de medicamentos para reduzir a proteinúria; realização de 121 

atividade física e adesão a uma alimentação saudável (BRASIL, 2014; SBN, 2023a). De acordo 122 

com a Sociedade Brasileira de Nefrologia (SBN), a alimentação na fase conservadora baseia-123 

se na restrição de proteínas (principalmente de origem animal) e na moderação do consumo de 124 

alimentos ricos em fósforo e potássio (SBN, 2023b). 125 

Quando o indivíduo se encontra no estágio de falência renal, faz-se necessária a 126 

utilização da TRS, que pode ser categorizada em três modalidades: hemodiálise (HD), diálise 127 

peritoneal (DP) e transplante renal. A HD é um procedimento realizado por meio de uma 128 

máquina que possui um cateter com a finalidade de filtrar o sangue e, consequentemente, 129 

eliminar o excesso de toxinas, sais minerais e líquidos do organismo (Ribeiro, Jorge, Queiroz, 130 

2020). Já a DP é um tipo de diálise que utiliza o peritônio no abdome do paciente como uma 131 

membrana por meio da qual ocorre a troca entre o líquido infundido e o sangue (Htay et al., 132 

2021). Por fim, o transplante renal é um procedimento cirúrgico que tem como intuito a 133 

transferência de um rim saudável de um doador vivo ou falecido para o paciente com doença 134 

renal em estágio terminal (DRET) (SBN, 2023c). Em relação à alimentação, destaca-se o 135 

aumento na ingestão de proteínas para compensar a perda durante o processo de diálise, além 136 

do controle do consumo de alimentos fonte de fósforo e de potássio (SBN, 2023b). 137 

No Brasil, o Sistema Único de Saúde (SUS) foi a principal fonte de financiamento de 138 

clínicas de diálise no ano de 2021, sendo responsável por 81,8% do total (Nerbass et al., 2022). 139 

Além disso, entre os anos de 2011 e 2021, o número estimado de pacientes em diálise crônica 140 
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ampliou de 91.314 para 148.363 (Nerbass et al., 2022). Este aumento pode estar relacionado a 141 

mudanças no estilo de vida e ao envelhecimento da população (Silva et al., 2016).  142 

2.4 – Abordagens ômicas 143 

As abordagens ômicas são definidas como análises coletivas de células, tecidos, órgãos 144 

ou todo o organismo em nível molecular (Govender et al., 2021). Estas possuem o objetivo de 145 

compreender o funcionamento celular e as alterações biológicas que ocorrem em um 146 

organismo. Dentre as abordagens mais utilizadas, pode-se citar a genômica (estudo da alteração 147 

dos genes), a transcriptômica (estudo da alteração dos transcritos), a metabolômica (estudo das 148 

alterações dos metabólitos) e a proteômica (estudo das alterações das proteínas) (Canuto et al., 149 

2018).  150 

Também, as abordagens ômicas são consideradas um meio para a descoberta de 151 

biomarcadores, que são medidos em amostras de tecido, saliva, urina, sangue, entre outros 152 

(Hocher & Adamski, 2017). Estes biomarcadores podem ser usados em diversas doenças para 153 

diagnóstico, estratificação de risco, predição de resposta ao tratamento, entre outras aplicações 154 

(Zabetian, Coca, 2021). 155 

A proteômica é descrita como o estudo do proteoma (conjunto completo de proteínas 156 

expressas por um organismo) (Cañadas-Garre et al., 2018b). Esta técnica engloba a análise de 157 

peptídeos derivados de digestão enzimática e a análise das proteínas intactas (Provenzano et 158 

al., 2021). Diferentemente do genoma, o proteoma é uma entidade dinâmica que pode sofrer 159 

alterações em decorrência dos processos celulares. Desse modo, a pesquisa do proteoma se 160 

torna uma oportunidade para identificar e caracterizar moléculas inerentes a processos 161 

patológicos específicos (Vieira, 2021). 162 

2.5 – Análise proteômica da urina 163 

Em condições fisiológicas normais, a urina pode conter baixos níveis de proteínas de 164 

pequeno peso molecular, porém, em situações patológicas, a excreção das proteínas pela urina 165 

pode ser intensificada (Cañadas-Garre et al., 2018b). Assim, a urina tem sido um dos fluidos 166 

biológicos mais utilizados para investigação a nível proteômico, visto que esta é considerada 167 

uma fonte importante de biomarcadores para várias doenças devido a alterações específicas no 168 

proteoma (Good et al., 2010). Também, a coleta deste material biológico é realizada de forma 169 

simples e não invasiva (Provenzano et al., 2021).  170 
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Ademais, sabe-se que a análise proteômica de amostras de urina apresenta um potencial 171 

para o diagnóstico e/ou monitoramento da progressão da doença renal diabética (Fan et al., 172 

2021), nefropatia membranosa primária (Pang et al., 2018), doença cardiovascular associada a 173 

DRC (Verbeke et al., 2021), entre outras.  174 

Quanto às técnicas que podem ser utilizadas para separação das proteínas, destaca-se a 175 

eletroforese capilar, a espectrometria de massas (MS) e a cromatografia líquida (LC). A 176 

eletroforese capilar é uma técnica que utiliza corrente elétrica com o objetivo de fragmentar as 177 

proteínas por meio da migração de partículas de acordo com os pesos moleculares ou por 178 

diferença de carga elétrica (Oliveira et al., 2015). A MS consiste na ionização de moléculas 179 

seguida pela separação dos íons de acordo com as razões massa/carga para subsequente 180 

detecção, o que resulta no espectro de massas (Lyrio et al., 2022). Por fim, a LC é a técnica que 181 

utiliza uma fase móvel líquida para realizar a separação dos componentes de uma mistura 182 

(Akash, Reman, 2020).  183 

A LC-MS/MS é uma tecnologia que apresenta alta resolução para identificação e 184 

quantificação de proteínas com elevada precisão e sensibilidade para detecção do proteoma 185 

urinário (Fang et al., 2020). 186 

 187 
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3 - Objetivos 197 

3.1 – Geral 198 

O objetivo geral deste estudo foi analisar o perfil proteômico em amostras de urina de 199 

indivíduos saudáveis e com DRC em hemodiálise para identificação de potenciais 200 

biomarcadores para a doença. 201 

3.2 – Específicos 202 

• Descrever as variáveis clínicas, sociodemográficas e de estilo de vida dos participantes 203 

da amostra; 204 

• Investigar o perfil de proteínas, por espectrometria de massas, em amostras de urina nos 205 

indivíduos saudáveis e portadores de DRC em hemodiálise; 206 

• Identificar potenciais candidatos a biomarcadores a partir da diferença no perfil das 207 

proteínas entre os grupos analisados; 208 

• Realizar a análise de ontologia gênica e de interação das proteínas com diferença 209 

estatística entre os grupos; 210 

• Descrever o mecanismo de ação das proteínas candidatas a biomarcadores. 211 

 212 

 213 
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 236 

Abstract: The growing number of people with chronic kidney disease (CKD), caused mainly 237 

by changes in lifestyle and the aging of the population, demonstrates the need to identify new 238 

biomarkers that enable the monitoring of the progression of CKD and, consequently, the 239 

prediction for end-stage renal disease (ESRD). The aim of this study was to analyze the 240 

proteomic profile in urine samples from healthy individuals and those in the final stage of the 241 

disease to identify potential biomarkers for CKD. Urine samples were collected from 10 healthy 242 

individuals and 10 with end-stage CKD. These samples were analyzed according to the 243 

following steps of the shotgun methodology: protein precipitation, colorimetric detection and 244 

protein measurement, in-solution digestion and peptide desalting. Next, the peptides were 245 

analyzed using liquid chromatography equipment coupled to a tandem mass spectrometer and, 246 

finally, bioinformatics, gene ontology and protein interaction research was carried out. 416 247 

proteins were identified in the proteomic profile of the analyzed groups and 19 proteins showed 248 

statistically significant differences between the groups. Of these, five proteins (hemopexin, 249 

beta-2-microglobulin, retinol-binding protein 4, transthyretin and factor D) were considered 250 

potential biomarkers for CKD. It is concluded that the proteins found were able to characterize 251 

and differentiate the urinary proteomic profiles of the two groups. Also, the five selected 252 

proteins can be seen as potential candidates for CKD biomarkers. 253 

Key words: Biomarkers. Chronic kidney disease. Disease progression. Proteomics. 254 

 255 

 256 

 257 
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Introduction 258 

Chronic kidney disease (CKD) is characterized by a progressive loss of renal function 259 

associated with the consequent reduction of blood filtration capacity and maintenance of 260 

homeostasis [1, 2]. CKD can be determined by glomerular filtration rate (GFR) less than 261 

60ml/min/1.73m², associated with at least one marker of kidney damage - such as albuminuria 262 

- for a period of three months or more, regardless of cause [2].  263 

CKD is a serious public health problem. It is estimated that 843.6 million people were 264 

affected by this disease [3] and 1.2 million patients died in 2017 [4]. This disease is associated 265 

with high morbidity and mortality rates and high socioeconomic impact worldwide [1]. 266 

Early diagnosis of CKD is essential to reduce morbidity and mortality of patients 267 

through the adoption of measures capable of reducing the progression of CKD to the terminal 268 

stage [5]. However, in the initial stages of this disease, few signs and/or symptoms are perceived 269 

in the individual, which makes early detection difficult [6]. Added to this is the fact that the 270 

parameters currently used are not considered sensitive for detection of this disease in the initial 271 

stages [5]. The change in creatinine levels, for example, occurs after the decrease of about 50 272 

to 60% of GFR, that is, the use of this test can contribute to the early sub diagnosis of CKD [7]. 273 

Given the above, it is necessary to identify new biomarkers for the diagnosis and 274 

monitoring of the progression of CKD [8]. The omics approach is considered a means for the 275 

discovery of these biomarkers, which can be measured in tissue samples, saliva, urine, blood, 276 

among others [8]. Among the techniques used, the proteomic analysis of urine samples stands 277 

out since the collection of this biological material is simple and non-invasive [9]. In addition, 278 

urine is considered an important source of biomarkers for various diseases due to specific 279 

changes in the proteome [9].  280 

https://www.scielo.br/j/rbepid/a/JY5X7GG6mbjfdcX5gcGW6Km/?format=pdf&lang=pt
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9073222/
https://pubmed.ncbi.nlm.nih.gov/32061315/
https://www.scielo.br/j/rbepid/a/JY5X7GG6mbjfdcX5gcGW6Km/?format=pdf&lang=pt
https://rsdjournal.org/index.php/rsd/article/view/22278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7399801/
https://rsdjournal.org/index.php/rsd/article/view/22278
https://www.scielo.br/j/rbepid/a/vCRTpQR5Xdx6fH9tKRB4vmn
https://www.nature.com/articles/nrneph.2017.30
https://www.nature.com/articles/nrneph.2017.30
https://pubmed.ncbi.nlm.nih.gov/20616184/
https://pubmed.ncbi.nlm.nih.gov/20616184/


21 
 

It is known that the proteomic analysis of urine samples has a potential for the diagnosis 281 

and/or monitoring of the progression of diabetic kidney disease (DKD) [10], primary 282 

membranous nephropathy [11], cardiovascular disease associated with CKD [12], among 283 

others.  284 

Thus, the present study is justified by the proposal to compare the proteomic profile of 285 

two groups - one group of healthy individuals and the other formed by patients in the final stage 286 

of CKD - through the analysis of urine samples in a liquid chromatography equipment 287 

associated with tandem mass spectrometry (LC-MS/MS). It is worth noting that LC-MS/MS is 288 

a technology that presents high resolution for identification and quantification of proteins with 289 

high precision and sensitivity for detection of urinary proteome [13] and, so far, there are few 290 

published studies involving urinary proteomics and CKD in the final stage [14, 15]. 291 

Therefore, the aim of this study was to analyze the proteomic profile in urine samples 292 

of healthy individuals and with CKD in hemodialysis to identify potential biomarkers for the 293 

disease. 294 

Materials and methods  295 

Sample design and selection: 296 

This is a study conducted with two groups, the control group was composed of 10 297 

healthy individuals and the hemodialysis group  was consisted of 10 patients with end-stage 298 

CKD.  299 

The subjects of the control group were selected at the Clinical Analysis Laboratory of 300 

the Clinical Hospital of the Federal University of Uberlandia (HC-UFU). This group included 301 

those who were 18 or older and did not have diabetes mellitus (DM), arterial hypertension (AH), 302 

cardiovascular disease (CVD) and kidney disease (acute or chronic). 303 

https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-021-09338-6
https://link.springer.com/article/10.1186/s12014-018-9183-3#article-info
https://pubmed.ncbi.nlm.nih.gov/31837226/
https://pubmed.ncbi.nlm.nih.gov/32932007/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0096955
https://link.springer.com/article/10.1007/s40618-021-01596-3
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The subjects of the hemodialysis group were invited to the Hemodialysis Sector of HC-304 

UFU. The inclusion criteria for this audience were: to be aged 18 or older, to present estimated 305 

GFR equal to or less than 15ml/min/1.73m² and to perform hemodialysis for more than one 306 

year. 307 

In both groups, individuals with severe clinical conditions, as well as pregnant women 308 

and individuals with history of alcohol and/or drug abuse were excluded. 309 

Data collection: 310 

Sociodemographic (sex, age, race/color, schooling, and family income), behavioral 311 

(smoking, alcoholism, and sedentary lifestyle), clinical (presence of comorbidities, blood 312 

pressure and fasting glucose values), anthropometric (weight and height) and biochemistry (by 313 

collecting urine and blood samples) variables were collected. Anthropometric data and blood 314 

test results were obtained from the medical records of the participants.  315 

For the collection of information regarding sociodemographic, behavioral, and clinical 316 

variables, a semi-structured interview script was used. To assess the level of physical activity, 317 

the short version of the International Physical Activity Questionnaire (IPAQ) proposed by the 318 

World Health Organization (WHO) and validated in Brazil was used [16]; after the application 319 

of this questionnaire, the participants were classified as "very active"/"active", "irregularly 320 

active"/"sedentary". The Body Mass Index (BMI) was calculated through the relationship 321 

between weight and height squared and classified according to the criteria of Lipschitz for the 322 

elderly [17] and WHO for adults [18]. In the case of patients in the hemodialysis group, the dry 323 

weight data was used to calculate the BMI. Also, for comparison purposes, the data of 324 

"overweight" and "obesity" were categorized as "overweight".  325 

For the analysis of renal function, participants' GFR was estimated using the formula 326 

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) [2]. 327 

https://rbafs.org.br/RBAFS/article/view/931/1222
https://pubmed.ncbi.nlm.nih.gov/8197257/
https://apps.who.int/iris/handle/10665/42330
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
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Urine samples from all participants were collected in sterile tubes of the brand FirstLab, 328 

after clarification on the procedure and delivery of the containers for collection. These samples 329 

were stored in the ultra-freezer of the brand Thermo Scientific Data Med at a temperature of -330 

81ºC. 331 

Ethical aspects: 332 

The study was approved by the Ethics Committee in Research with Human Beings 333 

(CEP) of the Federal University of Uberlandia (UFU), under opinion number 4,430,315.  334 

According to resolution Nº 466/2012 of the National Health Council, the participants 335 

signed the Informed Consent Form (ICF), after the doubts were resolved and the guarantee that 336 

they would not have the identities disclosed. 337 

Proteomic analysis: 338 

Regarding sample preparation, 300 microliters (μl) of urine, 300 μl of dichloromethane 339 

(CH2Cl2) and 1200 μl of methanol (CH₃OH) were added. After that, this mixture was 340 

homogenized by means of the vortex agitator and centrifuged at 9000 x g for 1 minute. It was 341 

added 900 μl of Milli-Q (ultrapure) water on the supernatant and the contents of the aliquots 342 

were homogenized and centrifuged at 9000 x g for 2 minutes. Then the supernatant was 343 

discarded and 900 μl of CH₃OH was added to the pellet, which was shaken and centrifuged. 344 

The supernatant was removed, and the pellet was dried in the vacuum concentrator. 345 

After precipitation, the pellets contained in the microtubes were resuspended in 50 μl of 346 

Milli-Q water to perform colorimetric detection and protein quantification, using Pierce TM 347 

BCA Protein Assay Kit based on bicinchoninic acid TM (BCA), according the manufacturer’s 348 

guidelines [19]. 349 

Soon after, the digestion step was performed in solution and 75 micrograms (μg) of 350 

proteins in samples were used in final volume of 50 μl. The samples were treated with 1% of 351 

https://www.thermofisher.com/document-connect/document-connect.html?url=https://assets.thermofisher.com/TFS-Assets%2FLSG%2Fmanuals%2FMAN0011430_Pierce_BCA_Protein_Asy_UG.pdf
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surfactant (RapiGest SF – Waters: 186002123), 0.5 molar (M) of dithiothreitol (DTT) and 0.5M 352 

of iodoacetamide (IAA). [20]. The samples were digested by trypsin (20 ng/μl) at 37°C, 353 

overnight. 354 

Subsequently, 400 μl of 0.5% trifluoroacetic acid (TFA) was added to the samples, 355 

which were kept at room temperature for 40 minutes. After that, they were centrifuged at 14.500 356 

x g for 10 minutes and the supernatants were taken to a vacuum concentrator. The samples were 357 

resuspended in 100 μl of Milli-Q water. 358 

For the desalination process of peptides, resin C18 (Omix, Agilent) was used according 359 

to the manufacturer’s guidelines. Two washes were performed in acetonitrile (ACN) 50%, 360 

followed by two washes in TFA 0.1%. The samples were passed through the column, by the 361 

up-down movement. The resin was washed again with TFA 0.1% and eluted with 100 μl ACN 362 

50% + TFA 0.1%. Soon after, the eluted peptides were processed with a vacuum concentrator 363 

and resuspended in TFA 0.1%.   364 

Regarding the analyzes, these were performed in a liquid chromatograph (Agilent 365 

Infinity 1260), coupled to a high-resolution mass spectrometer with electrospray ionization 366 

source (Agilent 6520B Q-TOF). The chromatographic parameters were: column Agilent model 367 

AdvanceBio Peptide Mapping, 2.1 millimeters (mm) internal diameter, 10 centimeters (cm) 368 

long, particles of 2.7 micrometers (μm), mobile phase: water (A) and acetonitrile (B) both 369 

acidified with formic acid (0.1% vv-1), with gradient: 2% of B (0 min), 2% of B (10 min), 15% 370 

of B (40 min), 50% of B (150 min), 70% of B (200 min), 98% of B (220 min), 98% of B (300 371 

min), 100% of B (301 min) and 100% of B (400 min) at a flow rate of 400 µL/min. The 372 

ionization parameters were:  nebulizer pressure of 45 pound fource per square inch (psi), drying 373 

gas at 8L/min at a temperature of 325ºC and energy of 4 kilovolts (kV) in the capillary.  374 

https://www.waters.com/webassets/cms/support/docs/715000122en.pdf
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Finally, the raw data were analyzed by the software Spectrum Mill MS Proteomics 375 

(Agilent Technologies) to identify the peptides through the spectra that were generated by the 376 

LC-MS/MS approach. In this step, p ≤ 0.05 was used to indicate a statistically significant 377 

difference between the groups, using the T-test, in addition to the FDR criterion (False 378 

Discovery Rate) to control false positive results [21]. 379 

Statistical analysis: 380 

As for the description of sociodemographic, behavioral, and clinical variables, we used 381 

the mean and standard deviation for the quantitative variables and, absolute and relative 382 

frequency for the qualitative variables. The qualitative variables were compared using the chi-383 

square test and the quantitative variables were analyzed using the T-student test. Statistical data 384 

were evaluated using the Stata package (version 14.2) and the level of significance established 385 

was p≤0.05. 386 

Bioinformatics analyses were performed using the MetaboAnalyst Program (version 387 

5.0). Also, the results were expressed on the logarithmic scale of base 10 considering the 388 

spectral count. For the analysis of the proteomic profile, a Venn diagram was presented, 389 

showing the absolute number of proteins identified in each group. When comparing the two 390 

groups, orthogonal discriminant analysis by partial least squares (OPLS-DA) was presented; 391 

the Volcano plot, which identifies proteins with a significant difference between the two groups; 392 

the variable importance score in the projection (VIP score ≥ 2.0) and the heatmap, which 393 

demonstrates the average intensity of proteins with significant differences between the two 394 

groups (considering the T-test significance level of p ≤ 0,05 and fold-change > 2). Finally, 395 

analysis of the receiver operating characteristic curve (ROC curve) of the main proteins with 396 

significant differences was performed. The area under the curve (AUC) value, which is 397 

considered an estimate of behavior of the overall accuracy of the test, can be interpreted as 398 

https://www.stat.purdue.edu/~doerge/BIOINFORM.D/FALL06/Benjamini%20and%20Y%20FDR.pdf
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follows: between 0.5 and 0.6 = failed; between 0.6 and 0.7 = worthless; between 0.7 and 0.8 = 399 

poor; between 0.8 and 0.9 = good; above 0.9 = excellent [22]. 400 

Enrichment analysis:  401 

Initially, the primary and secondary accesses of the proteins considered statistically 402 

significant were collected through the database The Universal Protein Resource (UniProt, 403 

https://www.uniprot.org, access on: March 5, 2023). Then, the accessions were inserted in the 404 

software Protein Analysis Through Evolutionary Relationships (PANTHER, version 17.0, 405 

http://pantherdb.org, access on: March 6, 2023) to perform the analysis of gene ontology (GO) 406 

proteins, which included data on molecular function (MF), biological process (BP), cellular 407 

component (CC) and protein class (PC). Finally, proteins were included in the Search Tool for 408 

the Retrieval of Interacting Genes/Proteins software (STRING, version 12.0, https://string-409 

db.org/, access on August 4, 2023) to identify protein-protein interactions. The interaction 410 

network was constructed with a minimum required score of 0.900 (considered "very high"). 411 

Criteria used for the definition of biomarker candidate proteins: 412 

The criteria used to define the candidate proteins for biomarkers for CKD were as 413 

follows: T-test with p-value ≤ 0.05 corrected by the criterion of FDR, statistically significant 414 

differential expression observed by fold-change, production and/or expression in the kidney 415 

and/or excretion in the urine, presence only in one of the groups and VIP score value ≥ 2.0. 416 

Results 417 

Characterization of the participants: 418 

Table 1 shows the sociodemographic, behavioral, and biochemical variables of the 419 

sample studied. It is noteworthy that in the hemodialysis group, most of the participants were 420 

male, had incomplete elementary school and self-declared brown race/color. Regarding the 421 

https://www.scielo.br/j/jvb/a/8S8Pfqnz8csmQJVqwgZT8gH/?lang=pt#ModalTutors
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control group, half of the participants were male, and most had completed higher education and 422 

self-declared brown race/color.  423 

As for biochemical tests, the hemodialysis group had a higher average of creatinine, 424 

triglycerides and glycemia, while the control group had a higher mean value of total cholesterol.  425 

In addition, the variables that showed a statistically significant difference when 426 

comparing the two groups were: age, schooling, tobacco use, level of physical activity, serum 427 

creatinine value, GFR value and fasting blood glucose value. Other information can be seen in 428 

Table 1. 429 

Table 1. Sociodemographic, behavioral and biochemical characterization of the study 430 

participants. Uberlândia, 2023. 431 

Variables Control group 

(n = 10) 

Hemodialysis 

group 

(n = 10) 

p-

value* 

Sex                                 Male, n (%) 

                                       Female, n (%) 

5 (41.7) 

5 (62.5) 

7 (58.3) 

3 (37.5) 

0.361 

Age in years, mean ± standard deviation 40.3 ± 12.3 60.4 ± 8.2 < 0.001 

Schooling                         No education / incomplete elementar school, n (%) 

                                          Complete high school / incomplete higher education, n (%) 

                                          Complete higher education, n (%) 

0 

4 (57.1) 

6 (85.7) 

6 (100) 

3 (42.8) 

1 (14.3) 

0.038 

Race/color                        White, n (%) 

                                         Black, n (%) 

                                         Brown, n (%) 

4 (66.7) 

1 (33.3) 

5 (45.5) 

2 (33.3) 

2 (66.7) 

6 (54.5) 

0.580 

Marital status                  With partner, n (%) 

                                        Without a partner, n (%) 

6 (60.0) 

4 (40.0) 

4 (40.0) 

6 (60.0) 

0.247 

Nutritional status             Eutrophy, n (%) 

                                        Overweight, n (%) 

5 (45.5) 

5 (55.5) 

6 (54.5) 

4 (44.5) 

0.337 

Tobacco use                    Never smoked, n (%) 10 (66.7) 5 (33.3) 0.010 
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                                        Ex smoker, n (%) 0 5 (100) 

Alcohol consumption     Never drinks, n (%) 

                                       Less than once a month, n (%) 

                                       Once or more a month, n (%) 

7 (58.3) 

1 (50.0) 

2 (33.3) 

5 (41.7) 

1 (50.0) 

4 (66.7) 

0.607 

Physical activity            Sedentary or irregularly active, n (%) 

                                      Active or very active, n (%) 

0 

10 (76.9) 

7 (100) 

3 (23.1) 

0.024  

Creatinine, mean ± standard deviation 0.9 ± 0.1 9.6 ± 1.4 < 0.001 

GFR, mean ± standard deviation 94.9 ± 27.1 5.4 ± 1.1 < 0.001 

Total cholesterol, mean ± standard deviation 186.3 ± 27.0 172.2 ± 45.1 0.713 

Triglycerides, mean ± standard deviation 141.1 ± 40.2 233.1 ± 138.4 0.112 

Fasting blood glucose, mean ± standard deviation 83.5 ± 4.9 124.5 ± 45.9 0.011 

*Significance level p ≤ 0.05 432 

Urinary proteomic profile: 433 

Regarding the qualitative analysis, 416 proteins were found in the urinary proteomic 434 

profile. Of these, 95 proteins were identified only in the control group (22.8%), 263 were 435 

detected only in the hemodialysis group (63.2%) and 58 were common in both groups (13.9%).  436 

Figure 1 demonstrates the Venn diagram of the proteins found in each group and the 437 

proteins common between the groups. 438 

Figure 1. Qualitative characterization of the urinary proteomic profile of the control and 439 

hemodialysis groups. Uberlândia, 2023. 440 
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 441 

Legend: Venn diagram showing the amount of proteins present in the hemodialysis group (green) and healthy 442 

group (red); intersection between the circles: quantity of proteins present in both groups. 443 

When comparing the groups quantitatively, it was seen that, of the 416 proteins initially 444 

found, 19 proteins showed a statistically significant difference. Figure 2 shows the OPLS-DA 445 

(2A) and Volcano Plot (2B) analysis. 446 

In addition, Figure 2 shows the proteins that obtained a VIP score above 2.0 (2C). It is 447 

noted that 18 of the 19 statistically significant proteins were represented in the graph. Only the 448 

protein with the access code A0A5C2GDK3 did not reach the minimum score established and 449 

therefore, it was not shown in this graph. The analysis of the VIP score is important because 450 

high values signal a good contribution of proteins in the separation of groups. Also, the heatmap 451 

(2D) of the 19 significant proteins was presented, and most of these presented higher intensity 452 

in the hemodialysis group. 453 
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Figure 2. Quantitative characterization of the urinary proteomic profile of the control and 454 

hemodialysis groups. Uberlândia, 2023. 455 

Legend: Graph 2A – proteins found in the control group (red) and hemodialysis group (green). Graph 2B – each 456 

point represents a protein; blue dots: proteins least expressed in the control group; red dot: protein most expressed 457 

in the control group; gray dots: proteins that did not show a statistically significant difference. Graph 2C – vertical 458 

axis: codes for the 19 proteins with a VIP score above 2.0; horizontal axis: VIP score values between 2.0 and 2.6. 459 

Graph 2D – green bars: absence of intensity; red bars – maximum intensity; lines: proteins; columns: healthy 460 

(control) or hemodialysis group. 461 

Characterization of significant proteins: 462 

Supplementary Table 1 (S1) shows the significant proteins, besides the accessions 463 

collected in the UniProt database and in which group(s) (control and/or ESKD group) the 464 

proteins were found. 465 

Gene ontology analysis of proteins: 466 
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In Figure 3, the GO analysis of proteins with statistically significant differences between 467 

the two groups was presented. It is noted that in relation to molecular function and biological 468 

process, proteins had a greater association with binding and cellular process functions, 469 

respectively. Regarding the cellular component, there is a greater participation of proteins in 470 

the cellular anatomical entity. Finally, regarding the class of proteins, it is noteworthy that these 471 

were mainly related to the class of transfer/carrier protein. 472 

Figure 3. GO analysis of the 19 statistically significant proteins (p ≤ 0.05). Uberlândia, 2023. 473 

Legend: MF = molecular function, BP = biological process, CC = cellular component, PC = class of proteins. 474 

Protein interaction analysis: 475 

In Figure 4, the functional interactions found among the proteins were presented using 476 

the STRING software. It is important to highlight that the nodes are the proteins (n = 11), and 477 

the edges are the interactions between them (n = 11). Of the 19 proteins with significant 478 

difference between the groups, eight presented interactions according to the analysis performed.  479 
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Figure 4. Functional interactions among proteins. Uberlândia, 2023. 480 

 481 

Legend: B2M = beta-2-microglobulin, AMBP = alpha-1-microglobulin, ALB = albumin, HPX = hemopexin, 482 

SERPINA1 = alpha-1-antitrypsin, TTR = transthyretin, RBP4 = retinol-binding protein 4, GSN = gelsolin, AZGP1 483 

= zinc-alpha-2-glycoprotein, TF = transferrin, CFD = complement factor D. 484 

Biomarker candidate proteins: 485 

By using the criteria for defining candidate proteins that were previously described, we 486 

found that the proteins that met all established criteria were: hemopexin, beta-2-microglobulin, 487 

retinol-binding protein 4, transthyretin and factor D.  Therefore, in addition to being statistically 488 

different between the two groups, these proteins were only found in the hemodialysis group. 489 

Moreover, it was seen that there is a small elimination of beta-2-microglobulin in the urine in 490 

healthy adults, however, in cases of dysfunction of the renal proximal tubules, urinary excretion 491 

of this protein may increase [23]. Also, hemopexin can be synthesized by the kidneys [24] and 492 

retinol-binding protein 4 can be produced in the kidneys [25] and a small part is excreted by 493 

urine [26]. Furthermore, in cases of transthyretin mutation, it can be deposited in the kidneys 494 

and cause a condition called amyloidosis [27]. Finally, it is known that the kidneys play a role 495 

in regulating the concentration of factor D through glomerular filtration [28]. 496 

Accuracy analysis of biomarker candidate proteins: 497 

Figure 5 shows the ROC curve of the proteins beta-2-microglobulin (2A) hemopexin 498 

(2B), retinol-binding protein 4 (2C), transthyretin (2D) and factor D (2E). The proteins beta-2-499 

https://pubmed.ncbi.nlm.nih.gov/33387020/
https://pubmed.ncbi.nlm.nih.gov/19650691/
https://pubmed.ncbi.nlm.nih.gov/35656886/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9408023/
https://journals.sagepub.com/doi/abs/10.1177/10600280211000351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8458797/
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microglobulin and retinol-binding protein 4 showed the same AUC value, which resulted in 500 

0.95 [with confidence interval (CI) between 0.85 to 1]. Hemopexin, transthyretin and factor D 501 

proteins presented AUC of 0.85 (CI between 0.7 and 0.95). Thus, it can be affirmed that these 502 

proteins presented high accuracy for the differentiation of the groups because, according to the 503 

interpretation of the AUC, the result of the analysis of the beta-2-microglobulin and retinol 504 

binding protein 4 was considered excellent and the result of analysis of hemopexin, 505 

transthyretin and factor D was good. 506 

Figure 5. ROC curve referring to the accuracy analysis of candidate biomarker proteins for 507 

CKD. Uberlândia, 2023. 508 

 509 
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Gene ontology analysis of biomarker candidate proteins for CKD: 510 

In Figure 6, the GO analysis of the five candidate biomarker proteins was presented. It 511 

is noteworthy that in relation to molecular function, proteins had a greater association with 512 

binding. Regarding the biological process, these were mainly related to cellular and metabolic 513 

processes. As for the cellular component, there is a greater participation of proteins in the 514 

cellular anatomical entity. Regarding the class of proteins, these were especially related to the 515 

protein modifying enzyme class. 516 

Figure 6. GO analysis of biomarker candidate proteins. Uberlândia, 2023. 517 

 518 

Legend: MF = molecular function, BP = biological process, CC = cellular component, PC = class of proteins. 519 

Discussion 520 

In the present study, 416 proteins were detected in the urinary proteomic profile of the 521 

control and hemodialysis groups. Of these, 19 proteins were considered statistically significant 522 

when using the p-value≤0.05 and the FDR correction. Also, five proteins were identified as 523 

potential candidates for biomarkers for CKD. 524 



35 
 

As for sociodemographic characteristics, the hemodialysis group had a higher mean age, 525 

which is in line with recent research showing that advanced age is associated with the onset and 526 

rapid progression of the disease [29]. It was also possible to observe that most participants in 527 

the hemodialysis group had no education or only incomplete elementary school. According to 528 

the National Health Survey (PNS) conducted by the Brazilian Institute of Geography and 529 

Statistics (IBGE) with a representative sample of the Brazilian population, individuals without 530 

education or with incomplete elementary school had a higher number of medical diagnoses of 531 

CKD when compared to people with higher education level [30]. 532 

Regarding tobacco use, half of the participants in the hemodialysis group were former 533 

smokers. A systematic review showed that tobacco use was associated with substantial risk of 534 

developing CKD, which can be explained by changes caused by the nephrotoxic effects of 535 

smoking, such as: endothelial cell dysfunction, pro-inflammation, oxidative stress, among 536 

others [31]. Regarding the level of physical activity of the participants, it was observed that the 537 

hemodialysis group was considered sedentary or insufficiently active. This data corroborates a 538 

study that shows that people with CKD usually have a lower level of physical activity compared 539 

to the general population and this can cause reduction of neuromuscular and cardiorespiratory 540 

activity and worsening of quality of life. Also, it is known that the increased level of physical 541 

activity may contribute to the deceleration of renal dysfunction [32]. 542 

Regarding the biochemical tests, as expected, the values of serum creatinine, GFR and 543 

fasting blood glucose of the participants in the hemodialysis group were higher. Increased 544 

creatinine in the blood and the consequent reduction of GFR are associated with an increased 545 

risk of progression of CKD [33]. Regarding the mean fasting blood glucose, it is emphasized 546 

that persistent hyperglycemia caused by type 2 DM promotes microvascular injury and 547 

complications, such as diabetic nephropathy [34]. 548 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219956
https://biblioteca.ibge.gov.br/visualizacao/livros/liv101764.pdf
https://academic.oup.com/ndt/article/32/3/475/3056567
https://academic.oup.com/ndt/article/36/4/641/5625663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7081794/
https://pubmed.ncbi.nlm.nih.gov/33025397/
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Concerning the proteomic analysis, the present study identified proteins that were able 549 

to characterize and differentiate the urinary proteomic profiles of the two groups. Through 550 

ontological analysis of significant proteins, it was found that there was a higher percentage of 551 

proteins that participated in biological processes that may be related to inflammation, such as 552 

cellular process and immune system process. Furthermore, when analyzing the ontology of 553 

candidate proteins for biomarkers, it was noted that they were associated with biological 554 

processes, such as: adhesion and biological regulation, cellular and metabolic processes, 555 

immune system processes, response to stimulus and localization. In agreement, some studies 556 

have related these processes to low-grade systemic inflammation [35] and oxidative stress 557 

(caused by changes in metabolic processes) [36], which are present in patients with CKD and 558 

can be characterized by high levels of circulating inflammatory proteins and the presence of 559 

oxidative stress biomarkers, respectively [37]. Moreover, the accumulation of uremic toxins 560 

that occurs in CKD may contribute to the adhesion and migration of leukocytes [37, 38], which 561 

increase the risk of infections and CVD in patients with CKD [38]. 562 

Also, it was observed that the proteins that met all the established criteria to be 563 

considered biomarker candidates were: hemopexin, beta-2-microglobulin, retinol-binding 564 

protein 4, transthyretin and factor D. Through the ROC curves, it was possible to verify that 565 

these proteins showed high accuracy and thus potential candidates for biomarkers for CKD.  566 

Hemopexin is an acute phase glycoprotein, that is, its plasma concentration may 567 

increase in the occurrence of inflammatory events [24]. The main function of this protein is to 568 

eliminate the free heme present in the systemic circulation [39]. Some studies have indicated 569 

that hemopexin is able to induce the rearrangement of the nephrine-dependent cytoskeleton in 570 

the podocytes and affect the permeability of the glomerular filtration barrier by decreasing the 571 

glycocalyx, which can lead to proteinuria [39, 40]. Thus, because proteinuria is an important 572 

https://www.nature.com/articles/nri3523.pdf
https://ojs.revistacontemporanea.com/ojs/index.php/home/article/view/894
https://pubmed.ncbi.nlm.nih.gov/35008960/
https://pubmed.ncbi.nlm.nih.gov/35008960/
https://academic.oup.com/ckj/article/16/11/1845/7192444
https://academic.oup.com/ckj/article/16/11/1845/7192444
https://pubmed.ncbi.nlm.nih.gov/19650691/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3517628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3517628/
https://www.chikd.org/journal/view.php?number=696
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marker of renal damage, it is suggested that increased hemopexin may be indirectly related to 573 

the occurrence of this condition and, consequently, to the development of CKD. 574 

Beta-2-microglobulin (β2m) is a polypeptide that is bound to the main 575 

histocompatibility complex (MHC) class I protein on the surface of nucleated cells. This 576 

molecule performs the function of antigen presentation, which contributes to the proper 577 

functioning of the immune system [41]. Moreover, β2m is considered a marker of uremic toxins 578 

and is filtered exclusively by the renal glomerulus [42]. Some studies have demonstrated the 579 

association of β2m with general mortality, cardiovascular events, and disease progression in 580 

patients with CKD [42, 43]. Also, important levels of β2m are related to a higher risk of 581 

developing dialysis-related amyloidosis [44]. Finally, it should be noted that increased levels of 582 

β2m in urine may occur in cases of dysfunction of the reabsorption of the proximal renal 583 

tubules, which can cause proteinuria [41]. 584 

Retinol-binding protein 4 (RBP4) is a serum polypeptide formed by 201 amino acids. 585 

The main sites of synthesis are the liver and adipose tissue, but it can also be produced in smaller 586 

amounts in the lungs, testes, kidneys, brain, and retina [25]. The key role of this protein is the 587 

transport of retinol from the liver to the target tissue [25]. In the blood circulation, the retinol-588 

RBP4 complex binds to the transthyretin because this binding stabilizes the complex, decreases 589 

the elimination of RBP4 in renal filtration and favors the recycling of RBP4 after the absorption 590 

of retinol in cells [25]. The retinol free fraction of RBP4 is submitted to glomerular filtration 591 

and degraded by the proximal tubules of the kidneys [26]. However, a small portion of RBP4 592 

is excreted in urine. Thus, when there is increased elimination of this protein in the urine, there 593 

is indicative of tubular injury [26]. In agreement, studies indicate that RBP4 can be considered 594 

a biomarker of glomerular diseases - such as diabetic nephropathy [45, 46] - and proximal 595 

tubulopathies, such as Falconi syndrome [46]. Also, some studies have shown that in patients 596 

with CKD, the levels of this protein in the urine were significantly increased [26, 47].  597 

https://www.mdpi.com/2076-3425/13/4/551
https://onlinelibrary.wiley.com/doi/epdf/10.1111/1744-9987.13729
https://onlinelibrary.wiley.com/doi/epdf/10.1111/1744-9987.13729
https://pubmed.ncbi.nlm.nih.gov/26948990/
https://link.springer.com/article/10.1007/s10157-018-1588-9
https://www.mdpi.com/2076-3425/13/4/551
https://pubmed.ncbi.nlm.nih.gov/35656886/
https://pubmed.ncbi.nlm.nih.gov/35656886/
https://pubmed.ncbi.nlm.nih.gov/35656886/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9408023/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9408023/
https://www.hindawi.com/journals/jir/2019/5063089/
https://pubmed.ncbi.nlm.nih.gov/35094884/
https://pubmed.ncbi.nlm.nih.gov/35094884/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9408023/
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Transthyretin (TTR) is a plasma protein composed of 4 identical subunits containing 598 

127 amino acids. This protein is synthesized in the liver, choroid plexus, and pigmentary 599 

epithelia of the retina and ciliary of the eye and is responsible for the transport of thyroxine and 600 

retinol-RBP4 complex [48]. In addition, when mutation occurs in the TTR gene through the 601 

destabilization of the subunits, the protein monomers aggregate in amyloid fibrils and can be 602 

deposited in various tissues, such as: heart, nerves, kidneys, and gastrointestinal tract [27]. In 603 

the kidneys, TTR deposition may cause dysfunction of the lower urinary tract [49], nephrotic 604 

syndrome and/or progressive renal failure [27]. Thus, in individuals with symptoms and/or 605 

family history of amyloidosis, it is necessary to investigate the mutation through the molecular 606 

test [50]. If the mutation is proven, clinical interventions are essential to prevent the 607 

development of complications such as nephrotic syndrome and renal failure. Therefore, TTR 608 

can be considered a biomarker for the identification of CKD only in individuals with this 609 

mutation. 610 

Factor D is a Serino protease that participates in the alternative pathway of the 611 

Complement System. This protein is produced and secreted into the blood circulation by 612 

adipocytes. Under healthy conditions, factor D - as well as other low molecular weight proteins 613 

- is filtered through the renal glomerulus and completely reabsorbed inside the tubules, where 614 

it is catabolized [28]. However, in patients with end-stage kidney disease, plasma levels of this 615 

protein increased about 10 times due to deficient glomerular filtration [28]. In addition, 616 

dysregulation of the alternative pathway may cause some inflammatory glomerular diseases, 617 

which leads to glomerular lesion and consequently hematuria and proteinuria, which contribute 618 

to the development of CKD [28]. 619 

As strengths of this study, we highlight the choice of liquid chromatography method 620 

coupled to mass spectrometry, quality of protein separation in the matrix by means of liquid 621 

chromatography and the chemical identification capability of mass spectrometry equipment. 622 

https://www.nature.com/articles/s41582-019-0210-4
https://journals.sagepub.com/doi/abs/10.1177/10600280211000351
https://link.springer.com/article/10.1007/s10286-019-00627-7
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8458797/
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Another point to be highlighted is the fact that, so far, there are few similar studies published 623 

in the literature, which makes this study bring added information about this topic. In addition, 624 

the protocols used for sample preparation and analysis were validated in several studies in the 625 

scientific literature. 626 

However, this study also has limitations: the small sample size and the absence of pools 627 

can be explained by the proteomic analysis being a technique of high cost; the groups showed 628 

significant differences for tobacco consumption and physical activity, which may influence the 629 

interpretation of proteomic analysis data, as these individual factors may affect the comparison 630 

of groups; the control group was formed by participants with lower mean age - a fact that may 631 

also have influenced the comparison between the groups - however, this reflects the general 632 

population since, the advanced age is associated with higher chances of developing DM, AH, 633 

CVD and CKD, which were exclusion criteria for the control group in the present study; data 634 

were collected at a single time, that is, there was no follow-up of the participants over time to 635 

verify whether the changes observed between the groups remained during the time; finally, due 636 

to the sociodemographic and lifestyle information being self-reported, may have occurred 637 

memory bias of the participants when answering some question.  638 

Finally, the proteins found were able to characterize and differentiate the urinary 639 

proteomic profiles of the two groups analyzed. In addition, the proteins hemopexin, beta-2-640 

microglobulin, retinol-binding protein 4, transthyretin and factor D can be considered candidate 641 

biomarkers for CKD because the mechanisms of action of these proteins are involved with the 642 

pathophysiology of the disease. It is suggested that longitudinal studies be performed on a 643 

representative sample of the population so that it is possible to validate whether the five proteins 644 

found can be used in conjunction with the currently available methods for the diagnosis and 645 

monitoring of CKD progression. 646 

 647 



40 
 

Acknowledgements 648 

This study was funded by the Research Support Foundation of the State of Minas Gerais 649 

(FAPEMIG, process APQ-01254-21), the Coordination for the Improvement of Higher 650 

Education Personnel (CAPES) and INCT in Theranostics and Nanobiotechnology (INCT-651 

TeraNano, CNPq process 403193/2022-2 e FAPEMIG process CBB - APQ-03613-17). 652 

 653 

Author contributions 654 

Conceptualization: Nathalia Rabello Silva, Bianca Uliana Picolo, Richard Costa Polveiro, Luiz 655 

Ricardo Goulart Filho, Hebréia Oliveira Almeida Souza, Mario Machado Martins and Luciana 656 

Saraiva da Silva 657 

Data Curation: Hebréia Oliveira Almeida Souza, Mario Machado Martins and Luciana Saraiva 658 

da Silva 659 

Formal Analysis: Richard Costa Polveiro, Hebréia Oliveira Almeida Souza, Mario Machado 660 

Martins and Luciana Saraiva da Silva 661 

Investigation: Nathalia Rabello Silva, Bianca Uliana Picolo, Letícia Cristina Machado de Sousa 662 

and Marta Silva dos Santos 663 

Writing – Original Draft Preparation: Nathalia Rabello Silva and Luciana Saraiva da Silva 664 

Writing – Review & Editing: Nathalia Rabello Silva, Bianca Uliana Picolo, Hebréia Oliveira 665 

Almeida Souza and Luciana Saraiva da Silva 666 

 667 

References 668 

1. Aguiar LK, Prado RR, Gazzinelli A, Malta DC. Factors associated with chronic 669 
kidney disease: epidemiological survey of the National Health Survey. Rev Bras 670 
Epidemiol 2020; 23: 1-15. doi: 10.1590/1980-549720200044. 671 

2. Kidney Disease Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 672 
2012 clinical practice guideline for the evaluation and management of chronic kidney 673 
disease. Kidney Int Suppl 2013; 3: 1–150. Available in: https://kdigo.org/wp-674 

content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf 675 
3. Kovesdy CP. Epidemiology of chronic kidney disease: an update 2022. Kidney Int 676 

Suppl 2022; 12: 7-11. doi: 10.1016/j.kisu.2021.11.003. 677 

https://doi.org/10.1016%2Fj.kisu.2021.11.003


41 
 

4. GBD Chronic Kidney Disease Collaboration. Global, regional, and national burden of 678 
chronic kidney disease, 1990–2017: a systematic analysis for the Global Burden of 679 
Disease Study 2017. Lancet 2020; 395: 709-733. doi: 10.1016/S0140-6736(20)30045-680 
3. 681 

5. Dumont LS, Manata IC, Oliveira VACD, Acioli MLB, Pina GC, Real LLC, et al. 682 

Chronic kidney disease: underdiagnosed disease? Epidemiological analysis in a 683 
dialysis center. Res Soc Dev 2021; 10: 1-10. doi: 10.33448/rsd-v10i14.22278. 684 

6. Lee H, Jang HB, Yoo MG, Park SI, Lee HJ. Amino acid metabolites associated with 685 
chronic kidney disease: an eight-year follow-up Korean epidemiology study. 686 
Biomedicine 2020; 8: 1-14. doi: 10.3390/biomedicines8070222. 687 

7. Malta DC, Machado IE, Pereira CA, Figueiredo AW, Aguiar LK, Almeida WS, et al. 688 

Evaluation of renal function in the Brazilian adult population, according to laboratory 689 
criteria from the National Health Survey. Rev Bras Epidemiol 2019; 22: 1-13. doi: 690 

10.1590/1980-549720190010.supl.2. 691 
8. Hocher B, Adamski J. Metabolomics for clinical use and research in chronic kidney 692 

disease. Nat Rev Nephrol 2017; 13: 269–284. doi: 10.1038/nrneph.2017.30. 693 
9. Good DM, Zürbig P, Argilés A, Bauer HW, Behrens G, Coon JJ, et al. Naturally 694 

occuring human urinary peptides for use in diagnosis of chronic kidney disease. Mol 695 
Cell Proteomics 2010; 9: 2424-2437. doi: 10.1074/mcp.M110.001917. 696 

10. Fan G, Gong T, Lin Y, Wang J, Sun L, Wei H, et al. Urine proteomics identifies 697 
biomarkers for diabetic kidney disease at different stages. Clin. Proteomics 2021; 18: 698 

1-12. doi: 10.1186/s12014-021-09338-6. 699 

11. Pang L, Li Q, Li Y, Liu Y, Duan N, Li H. Urine proteomics of primary membranous 700 

nephropathy using nanoscale liquid chromatography tandem mass spectrometry 701 
analysis. Clin Proteomics 2018; 15: 1-15. doi: 10.1186/s12014-018-9183-3. 702 

12. Verbeke F, Siwy J, Biesen WV, Mischak H, Pletinck A, Schepers E, et al. The urinary 703 

proteomics classifier chronic kidney disease 273 predicts cardiovascular outcome in 704 
patients with chronic kidney disease. Nephrol Dial Transplant 2021; 36: 811-818. doi: 705 

10.1093/ndt/gfz242. 706 
13. Fang X, Lu M, Xia Z, Gao C, Cao Y, Wang R, et al. Use of liquid-chromatography-707 

tandem mass spectrometry to perform urinary proteomic analysis of children with IgA 708 

nephropathy and Henoch-Schönlein purpura nephritis. J Proteomics 2021; 230: 1-10. 709 
doi: 10.1016/j.jprot.2020.103979. 710 

14. Nkuipou-Kenfack E, Duranton F, Gayrard N, Argilés A, Lundin U, Weinberger KM, 711 

et al. Assessment of metabolomic and proteomic biomarkers in detection and 712 
prognosis of progression of renal function in chronic kidney disease. PLoS One 2014; 713 

9: 1-9. doi: 10.1371/journal.pone.0096955. 714 
15. Zhao L, Zhang Y, Liu F, Yang H, Zhong Y, Wang Y et al. Urinary complement 715 

proteins and risk of end-stage renal disease: quantitative urinary proteomics in patients 716 
with type 2 diabetes and biopsy-proven diabetic nephropathy. J Endocrinol Invest 717 
2021; 44: 2709-2723. doi: 10.1007/s40618-021-01596-3 718 

16. Matsudo S, Araújo T, Matsudo V, Andrade D, Andrade E, Oliveira LC, et al. 719 
International Physical Activity Questionnaire (IPAQ): study of validity and reliability 720 

in Brazil. Rev Bras Ativ Fís Saúde 2001; 10: 5-18. Available in: 721 
https://rbafs.org.br/RBAFS/article/view/931/1222 722 

17. Lipschitz DA. Screening for nutritional status in the elderly. Prim Care 1994; 21: 55-723 

67. doi: 10.1016/S0095-4543(21)00452-8 724 
18. Organização Mundial da Saúde. Obesity: preventing and managing the global 725 

epidemic: Report of a WHO Consultation; Geneva: WHO 2000. Available in: 726 
https://apps.who.int/iris/handle/10665/42330 727 

https://doi.org/10.33448/rsd-v10i14.22278
https://rbafs.org.br/RBAFS/article/view/931/1222
https://rbafs.org.br/RBAFS/article/view/931/1222
https://doi.org/10.1016/S0095-4543(21)00452-8
https://apps.who.int/iris/handle/10665/42330


42 
 

19. ThermoFisher Scientific. Pierce™ BCA Protein Assay Kit, 2020. Catalog Numbers: 728 
23225, 23227. Available in: https://www.thermofisher.com/document-729 
connect/document-connect.html?url=https://assets.thermofisher.com/TFS-730 
Assets%2FLSG%2Fmanuals%2FMAN0011430_Pierce_BCA_Protein_Asy_UG.pdf 731 

20. Waters. RapiGest SF Surfactant – Care and use manual, 2015. Available in: 732 

https://www.waters.com/webassets/cms/support/docs/715000122en.pdf 733 
21. Benjamini Y., Hochberg Y. Controlling the False Discovery Rate: a practical and 734 

powerful approach to multiple testing. J R Stat Soc 1995; 57: 289-300. Doi: 735 
10.1111/j.2517-6161.1995.tb02031.x 736 

22. Polo TCF, Miot HA. Use of ROC curves in clinical and experimental studies. J Vasc 737 

Bras 2020; 19: 1-4. doi: 10.1590/1677-5449.200186. 738 

23. Tzvi-Behr S, Ivgi H, Frishberg Y, Shalom EB. First-week urine beta-2 microglobulin 739 
levels in healthy neonates. Pediatr Nephrol 2021; 36: 1511-1514. doi: 740 

10.1007/s00467-020-04839-2. 741 
24. Tolosano E, Fagoonee S, Morello N, Vinchi F, Fiorito V. Heme scavenging and the 742 

other facets of hemopexin. Antioxid Redox Signal 2010; 12: 305-320. doi: 743 
10.1089/ars.2009.2787. 744 

25. Flores-Cortez YA, Barragán-Bonilla MI, Mendoza-Bello JM, González-Calixto C, 745 
Flores-Alfaro E, Espinoza-Rojo M. Interplay of retinol binding protein 4 with obesity 746 

and associated chronic alterations (Review). Mol Med Rep 2022; 26: 1-12. doi: 747 
10.3892/mmr.2022.12760. 748 

26. Ratajczyc K, Konieczny A, Czekaj A, Piotrów P, Fiutowski M, Krakowska K, et al. 749 

The clinical significance of urinary retinol-binding protein 4: a review. Int J Environ 750 

Res Public Health 2022; 19: 1-13. doi: 10.3390/ijerph19169878. 751 
27. Yadav JD, Othee H, Chan KA, Man DC, Belliveau PP, Towle J. Transthyretin 752 

Amiloid Cardiomyopathy – current and future terapies. Ann Pharmacother 2021; 55: 753 

1-13. doi: 10.1177/10600280211000351. 754 
28. Barratt J, Weitz I. Complement factor D as a strategic target for regulating the 755 

alternative complement pathway. Front Immunol 2021; 12: 1-15. doi: 756 
10.3389/fimmu.2021.712572. 757 

29. Tótoli C, Carvalho AB, Ammirati AL, Draibe SA, Canziani MEF. Associated factors 758 

related to chronic kidney disease progression in elderly patients. PLoS One 2019; 14: 759 
1-10. doi: 10.1371/journal.pone.0219956. 760 

30. Instituto Brasileiro de Geografia e Estatística. Pesquisa nacional de saúde: 2019: 761 

percepção do estado de saúde, estilos de vida, doenças crônicas e saúde bucal: Brasil e 762 
grandes regiões. IBGE, Coordenação de Trabalho e Rendimento. Rio de Janeiro: 763 

IBGE; 2020. 113p. Available in: 764 
https://biblioteca.ibge.gov.br/visualizacao/livros/liv101764.pdf 765 

31. Xia J, Wang L, Ma Z, Zhong L, Wang Y, Gao Y, et al. Cigarette smoking and chronic 766 
kidney disease in the general population: a systematic review and meta-analysis of 767 
prospective cohort studies. Nephrol Dial Transplant 2017; 32: 475-487. doi: 768 

10.1093/ndt/gfw452. 769 
32. Wilkinson TJ, Clarke AL, Nixon DGD, Hull KL, Song Y, Burton JO, et al. Prevalence 770 

and correlates of physical activity across kidney disease stages: an observational 771 
multicentre study. Nephrol Dial Transplant 2021; 36: 641-649. doi: 772 
10.1093/ndt/gfz235. 773 

33. Forbes A., Gallaguer H. Chronic kidney disease in adults: assessment and 774 
management. Clin Med (Lond) 2020; 20: 128-132. doi: 10.7861/clinmed.cg.20.2. 775 

34. Roy A, Maiti A, Sinha A, Baidya A, Basu AK, Sarkar D, et al. Kidney disease in type 776 
2 Diabetes mellitus and benefits of sodium-glucose cotransporter 2 inhibitors: a 777 

https://www.thermofisher.com/document-connect/document-connect.html?url=https://assets.thermofisher.com/TFS-Assets%2FLSG%2Fmanuals%2FMAN0011430_Pierce_BCA_Protein_Asy_UG.pdf
https://www.thermofisher.com/document-connect/document-connect.html?url=https://assets.thermofisher.com/TFS-Assets%2FLSG%2Fmanuals%2FMAN0011430_Pierce_BCA_Protein_Asy_UG.pdf
https://www.thermofisher.com/document-connect/document-connect.html?url=https://assets.thermofisher.com/TFS-Assets%2FLSG%2Fmanuals%2FMAN0011430_Pierce_BCA_Protein_Asy_UG.pdf
https://www.waters.com/webassets/cms/support/docs/715000122en.pdf
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1590/1677-5449.200186
https://doi.org/10.3390%2Fijerph19169878
https://doi.org/10.1177/10600280211000351
https://doi.org/10.3389%2Ffimmu.2021.712572
https://doi.org/10.1371/journal.pone.0219956
https://biblioteca.ibge.gov.br/visualizacao/livros/liv101764.pdf
https://doi.org/10.1093/ndt/gfw452
https://doi.org/10.1093/ndt/gfz235
https://doi.org/10.7861%2Fclinmed.cg.20.2


43 
 

consensus statement. Diabetes Ther 2020; 11: 2791-2827. doi: 10.1007/s13300-020-778 
00921-y. 779 

35. Kurts C, Panzer U, Anders HJ, Rees AJ. The immune system and kidney disease: 780 
basic concepts and clinical implications. Nat Rev Immunol 2013; 13: 738-753. doi: 781 
10.1038/nri3523. 782 

36. Salmito FTS, Macedo AGM de, Silva APP da, Cavalcanti ARSL, Serafim ECG, Silva 783 
IF da, et al. Biomarkers of oxidative stress in chronic kidney disease: advances and 784 
challenges. Rev Contemporanea 2023; 3: 11199-11209. doi: 10.56083/RCV3N8-069. 785 

37. Harlacher E, Wollenhaupt J, Baaten CCFMJ, Noels H. Impact of uremic toxins on 786 
endothelial dysfunction in chronic kidney disease: a systematic review. Int J Mol Sci 787 

2022; 23: 1-21. doi: 10.3390/ijms23010531. 788 

38. Sarakpi T, Mesic A, Speer T. Leukocyte-endothelial interaction in CKD. Clin Kidney 789 
J 2023; 16: 1845-1860. doi: 10.1093/ckj/sfad135. 790 

39. Zager RA, Johnson ACM, Becker K. Renal cortical hemopexin accumulation in 791 
response to acute kidney injury. Am J Physiol - Renal Physiol 2012; 303: F1460-792 
F1472. doi: 10.1152/ajprenal.00426.2012. 793 

40. Yang EM. Pathogenesis of minimal change nephrotic syndrome: a review of the 794 

underlying molecular mechanisms. Child Kidney Dis 2019; 23: 1-6. doi: 795 
10.3339/jkspn.2019.23.1.1. 796 

41. Wang Y, Hu L, Zhou D, Chen X, Zhou L. Association of urinary biomarkers of renal 797 
tubular injury with cognitive dysfunction in older patients with chronic kidney disease: 798 

a cross-sectional observational study. Brain Sci 2023; 13: 1-12. doi: 799 

10.3390/brainsci13040551. 800 

42. Zhang J, Lu X, Zu Y, Wang S. Prognostic value of beta-2 microglobulin on mortality 801 
of chronic kidney disease patients: A systematic review and meta-analysis. Ther Apher 802 
Dial 2021; 26: 267-274. doi: 10.1111/1744-9987.13729. 803 

43. Foster MC, Coresh J, Hsu CY, Xie D, Levey AS, Nelson RG, et al. Serum β-trace 804 
protein and β2-microglobulin as predictors of ESRD, mortality, and cardiovascular 805 

disease in adults with CKD in the chronic renal insufficiency cohort (CRIC) study. Am 806 
J Kidney Dis 2016; 68: 68-76. doi: 10.1053/j.ajkd.2016.01.015. 807 

44. Yamamoto S. Molecular mechanisms underlying uremic toxin-related systemic 808 

disorders in chronic kidney disease: focused on β2-microglobulin-related amyloidosis 809 
and indoxyl sulfate-induced atherosclerosis – Oshima Award Adress 2016. Clin Exp 810 
Nephrol 2019; 23: 151-157. doi: 10.1007/s10157-018-1588-9.  811 

45. Li A, Yi B, Liu Y, Wang J, Dai Q, Huang Y, et al. Urinary NGAL and RBP are 812 
biomarkers of normoalbuminuric renal insufficiency in type 2 diabetes mellitus. J 813 

Immunol Res 2019; 2019: 1-11. doi: 10.1155/2019/5063089.  814 
46. Jeon HJ, Shin DH, Oh J, Kee YK, Park JY, Ko K, et al. Urinary retinol-binding 815 

protein 4 is associated with renal function and rapid renal function decline in kidney 816 
transplant recipients. Transplant Proc 2022; 54: 362-366. doi: 817 
10.1016/j.transproceed.2021.10.028 818 

47. Domingos MAM, Moreira SR, Gomez L, Goulart A, Lotufo PA, Benseñor I, et al. 819 
Urinary retinol-binding protein: relationship to renal function and cardiovascular risk 820 

factors in chronic kidney disease. PLos ONE 2016; 11: 1-10. doi: 821 
10.1371/journal.pone.0162782  822 

48. Adams D, Koike H, Slama M, Coelho T. Hereditary transthyretin amyloidosis: a 823 

model of medical progress for a fatal disease. Nat Rev Neurol 2019; 15: 387-404. doi: 824 
10.1038/s41582-019-0210-4. 825 

https://doi.org/10.1093/ckj/sfad135
https://doi.org/10.1152%2Fajprenal.00426.2012
https://doi.org/10.3339/jkspn.2019.23.1.1
https://doi.org/10.3390/brainsci13040551
https://doi.org/10.1111/1744-9987.13729


44 
 

49. Bentellis I, Amarenco G, Gamé X, Jericevic D, EL-Akri M, Voiry C, et al. Diagnosis 826 
and treatment of urinary and sexual dysfunction in hereditary TTR amyloidosis. Clin 827 
Auton Res 2019; 29: 65-74. doi: 10.1007/s10286-019-00627-7. 828 

50. Fleury Medicina e Saúde. Teste diagnostica a principal forma de amiloidose familiar e 829 
a diferença de outros tipos de doença, 2022. Available in: 830 

https://www.fleury.com.br/medico/artigos-cientificos/teste-diagnostica-a-principal-831 
forma-de-amiloidose-familiar-e-a-diferencia-de-outros-tipos-da-832 
doenca#:~:text=O%20teste%20molecular%20para%20an%C3%A1lise,%2C%20assi833 
m%2C%20orientar%20o%20tratamento 834 

 835 

Appendix 836 

Table S1. Characterization of the 19 proteins with statistically significant differences. 837 

Uberlândia, 2023. 838 

Protein name Alternative names UniProt access Group(s) where the protein was 

found 

Albumin cDNA FLJ78413, highly similar to Homo sapiens 

albumin, mRNA; 

cDNA FLJ95666, highly similar to Homo sapiens 

albumin (ALB), mRNA; 

Serum albumin; 

cDNA FLJ54371, highly similar to serum albumin; 

cDNA FLJ50830, highly similar to serum albumin; 

Isoform 2 of Albumin; 

Isoform 3 of Albumin 

P02768 Control and Hemodialysis 

Serotransferrin cDNA FLJ54111, highly similar to Serotransferrin; 

Transferrin, isoform CRA_c; 

cDNA FLJ56687, highly similar to Serotransferrin; 

TF protein (fragment) 

P02787 Control and Hemodialysis 

https://www.fleury.com.br/medico/artigos-cientificos/teste-diagnostica-a-principal-forma-de-amiloidose-familiar-e-a-diferencia-de-outros-tipos-da-doenca#:~:text=O%20teste%20molecular%20para%20an%C3%A1lise,%2C%20assim%2C%20orientar%20o%20tratamento
https://www.fleury.com.br/medico/artigos-cientificos/teste-diagnostica-a-principal-forma-de-amiloidose-familiar-e-a-diferencia-de-outros-tipos-da-doenca#:~:text=O%20teste%20molecular%20para%20an%C3%A1lise,%2C%20assim%2C%20orientar%20o%20tratamento
https://www.fleury.com.br/medico/artigos-cientificos/teste-diagnostica-a-principal-forma-de-amiloidose-familiar-e-a-diferencia-de-outros-tipos-da-doenca#:~:text=O%20teste%20molecular%20para%20an%C3%A1lise,%2C%20assim%2C%20orientar%20o%20tratamento
https://www.fleury.com.br/medico/artigos-cientificos/teste-diagnostica-a-principal-forma-de-amiloidose-familiar-e-a-diferencia-de-outros-tipos-da-doenca#:~:text=O%20teste%20molecular%20para%20an%C3%A1lise,%2C%20assim%2C%20orientar%20o%20tratamento
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Protein AMBP Inter-alpha-trypsin inhibitor (fragment) P02760 Control and Hemodialysis 

cDNA FLJ38724 fis, clone 

KIDNE2010151, highly 

similar to UROMODULIN 

Uromodulin; 

Isoform 2 of Uromodulin; 

Isoform 3 of Uromodulin; 

Isoform 4 of Uromodulin; 

Isoform 5 of Uromodulin; 

cDNA FLJ45746 fis, clone KIDNE2018727, highly 

similar to UROMODULIN 

P07911 

B3KTU0 

Control and Hemodialysis 

IGH + IGL 

c564_light_IGKV3-

11_IGKJ5 (Fragment) 

IG c185_light_IGKV3-11_IGKJ2 (Fragment) 

IGL c526_light_IGKV3-20_IGKJ1 (Fragment);  

IGL c1611_light_IGKV3-11_IGKJ5 (Fragment);  

IGL c2008_light_IGKV3-11_IGKJ4 (Fragment);  

IGL c3277_light_ IGKV3-11_IGKJ4 (Fragment);  

IGH + IGL c620_light_ IGKV3-11_IGKJ5 

(Fragment) 

A0A5C2GDK3 Hemodialysis 

Epididymis secretory 

sperm binding protein Li 

44ª 

Alpha-1-antitrypsin; 

Epididymis secretory sperm binding protein; Isoform 

2 of alpha-1-antitrypsin; 

Alpha-1-antitrypsin (fragment);  

PRO2275;  

Isoform 3 of alpha-1-antitrypsin; 

Alpha-1-antitrypsin Valcamonica variant (fragment);  

Alpha-1-antitrypsin null variant (fragment); Serpina 1;  

Alpha-1-antitrypsin MBrescia variant (fragment);  

Alpha-1-antitrypsin short transcript variant 1C4;  

Alpha-1-antitrypsin null genova variant (fragment);  

Alpha-1-antitrypsin null (Brescia) variant (fragment) 

E9KL23 Control and Hemodialysis 

http://www.uniprot.org/uniprot/A0A5C2GDK3
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Retinol-binding protein 4 Retinol-binding protein P02753 Hemodialysis 

Testicular tissue protein Li 

227 

Zinc-alpha-2-glycoprotein;  

AZGP1 protein (fragment) 

P25311 

A0A140VK00 

Control and Hemodialysis 

Beta-2-microglobulin Beta-2-microglobulin (fragment) P61769 Hemodialysis 

Hemopexin Epididymis secretory sperm binding protein; cDNA 

FLJ56652, highly similar to hemopexin 

P02790 Hemodialysis 

Gelsolin Isoform 2 of gelsolin;  

Isoform 3 of gelsolin;  

Isoform 4 of gelsolin 

P06396 

A0A0A0MS51 

Control and Hemodialysis 

Transthyretin  - P02766 

A0A087WT59 

Hemodialysis 

Complement factor D - P00746 

A6XNE2 

Hemodialysis 

IGH c580_heavy_IGHV3-

23_IGHD1-14_IGHJ2 

(Fragment) 

IGH c2982_heavy_IGHV3-23_IGHD2-8_IGHJ2 

(Fragment) 

A0A7S5C2L3 Control and Hemodialysis 

10E8 heavy chain variable 

region (Fragment) 

IGH + IGL c351_heavy_IGHV3-15_IGHD5-

18_IGHK4 (fragment);  

IGH + IGL C38_heavy_IGHV3-15_IGHD1-

14_IGHJ4 (fragment); 

 IG c730_heavy_IGHV3-15_IGHD7-27_IGHJ6 

(fragment); 

 IG c255_heavy_IGHV3-15_IGHD3-10_IGHJ4 

(fragment); 

 IG c684_heavy_IGHV3-15_IGHD3-9_IGHJ3 

(fragment); 

A0A193CHQ9 Control and Hemodialysis 

http://www.uniprot.org/uniprot/A0A087WT59
http://www.uniprot.org/uniprot/A0A7S5C2L3
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 IG c260_heavy_IGHV3-15_IGHD3-9_IGHJ3 

(fragment); 

 IG c1073_heavy_ IGHV3-15_IGHD3-22_IGHJ5 

(fragment);  

IG c155_heavy_IGHV3-15_IGHF3-22_IGHJ4 

(fragment);  

IGH + IGL c27_heavy_IGHV3-15_IGHD4-

17_IGHJ4 (fragment); 

Immunoglobulin heavy chain variable region 

(fragment) 

IG c543_light_IGKV2D-

28_IGKJ2 (Fragment) 

Immunoglobulin kappa variable 2-28; 

Immunoglobulin kappa variable 2-40;  

HRV Fab N8-VL (fragment);  

Cold agglutinin FS-1 L-chain (fragment); ACX82 

(fragment) 

A0A5C2GNQ0 Hemodialysis 

Zinc finger, CCHC domain 

containing 6, isoform 

CRA_b 

Terminal uridylyltransferase 7;  

Isoform 4 of terminal uridylyltransferase 7; Isoform 6 

of terminal uridylyltransferase 7 

A0A024R235 Hemodialysis 

IG c316_heavy_IGHV3-

7_IGHD5-18_IGHJ4 

(Fragment) 

IG c573_heavy_IGHV3-7_IGHD3-3_IGHJ4 

(fragment) 

 

A0A5C2GLU4 

 

Control and Hemodialysis 

IGH c361_heavy_IGHV3-

21_IGHD3-22_IGHJ4 

(Fragment) 

IGH + IGL c36_heavy_IGHV3-15_IGHD3-3_IGHJ6 

(fragment); 

 IG c775_heavy_IGHV3-15_IGHD3-10_IGHJ4 

(fragment) 

A0A7S5ETE0 Control and Hemodialysis 

 839 

 840 

http://www.uniprot.org/uniprot/A0A024R235
http://www.uniprot.org/uniprot/A0A5C2GLU4
http://www.uniprot.org/uniprot/A0A7S5ETE0
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