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Resumo 

Introdução: O tumor carcinoide do pulmão pertence ao tipo neuroendócrino das neoplasias 

pulmonares. Devido à sua baixa incidência (~2%), pouco se conhece sobre suas alterações 

moleculares. Os microRNAs (miRNAs) têm importante papel na regulação gênica e têm sido 

associados ao câncer como biomarcadores diagnósticos, prognósticos e preditivos. Objetivos: 

Determinar o perfil global de expressão de miRNAs em tumores carcinoides do pulmão e 

identificar (in silico) vias moleculares envolvendo os miRNAs desregulados e genes-alvo 

preditos. Material e Métodos: Dois fragmentos de um tumor carcinoide típico e sua 

metástase correspondente foram obtidos, o RNA extraído de cada amostra e analisado na 

plataforma TaqMan Low Density Array (TLDA), a qual contém sondas para 384 miRNAs. Os 

dados foram analisados no Expression Suite software. Adicionalmente, 7 tumores (5 

carcinoides típicos e 2 atípicos) foram utilizados para análise de expressão de 2,578 miRNAs 

na plataforma GeneChip™ miRNA 4.0 e os dados analisados utilizando o Transcriptome 

Analysis Console software. A análise estatística dos dados foi realizada para identificação dos 

miRNAs significativamente (p<0,05) alterados. Métodos de análise in silico incluíram a 

identificação de mRNAs-alvo dos miRNAs  e vias moleculares de tumorigênese. Resultados 

e Discussão: No tumor carcinoide típico e metástase (TLDA), 15 miRNAs estavam com 

expressão comumente diminuída, os quais regulam genes associados a vias de resposta imune 

adaptativa. Adicionalmente, a comparação dos carcinoides típicos ou atípicos vs. normal 

(GeneChip arrays) resultou na identificação de 9 miRNAs desregulados em tumores típicos e 

21 miRNAs em atípicos (p<0.01 and FDR<0.05). Em tumores típicos, os miRNAs modulam 

genes-alvo envolvidos na regulação do receptor FCƐRI, PDGF e NGF via TRKA. Nos 

tumores atípicos, os miRNAs alterados regulam genes associados à resposta imune inata e 

adaptativa e mecanismos de desenvolvimento e diferenciação neuronal. Conclusões: (1) a 

expressão diminuída de um conjunto específico de 15 miRNAs deve modular mecanismos de 

resposta imune e invasão associados ao desenvolvimento e progressão de um caso raro de 

carcinoide típico metastático; (2) os carcinoides típicos e atípicos apresentam diferentes perfis 

de expressão de miRNAs e vias moleculares de tumorigênese. Esses dados contribuem para o 

melhor entendimento de alterações em miRNAs e vias moleculares associadas aos tumores 

carcinoides de pulmão. 

 

Palavras-chave: tumor carcinoide de pulmão, microRNAs, sistema imune, invasão, vias 

neuronais. 
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Abstract 

Introduction: Lung carcinoid tumors are a type of neuroendocrine lung neoplasia. Due to its 

low incidence (~2%), little is known about the molecular alterations associated with these 

tumors. microRNAs (miRNAs) have an important role in gene regulation and have been 

associated with cancer as diagnostic, prognostic and predictive biomarkers. Objectives: To 

determine the global expression miRNA profiles of lung carcinoid tumors and to identify (in 

silico) molecular pathways including deregulated miRNAs and predicted target-genes. 

Material and Methods: Two fragments of a typical carcinoid tumor and its corresponding 

metastasis were obtained, the RNA extracted and analyzed using the TaqMan Low Density 

Array (TLDA) platform containing 384 miRNAs. Data were analyzed using Expression Suite 

software. Additionally, 7 tumors (5 typical and 2 atypical carcinoids) were used for 

expression analysis of 2,578 miRNAs in the GeneChip™ miRNA 4.0 platform and data were 

analyzed using the Transcriptome Analysis Console software. Statistical analysis was 

performed to identify the significantly (p<0,05) deregulated miRNAs. In silico analyses 

methods included the identification of miRNA target genes (and enriched pathways. Results 

and Discussion: In the typical carcinoid tumor and metastasis (TLDA data), 15 miRNAs 

were commonly down-regulated and these modulate genes associated with the adaptive 

immune system pathway. Additionally, the comparison of typical carcinoids or atypical vs. 

normal (GeneChip arrays) showed 9 deregulated miRNAs in typical tumors and 21 miRNAs 

in atypical (p<0.01 and FDR<0.05).In typical tumors, identified miRNAs modulate the 

expression of target genes involved in the regulation of receptor FCƐRI, PDGF e NGF via 

TRKA. In the atypical tumors, altered miRNAs regulate genes with roles in adaptive and 

immune response and neuronal development and differentiation. Conclusions: (1) the 15 

down-regulated miRNA subset may modulate mechanisms of immune response and invasion, 

associated with the development and progression in a rare case of metastatic carcinoid typical 

tumor; (2) typical and atypical lung carcinoids have different miRNA expression profiles and 

tumorigenesis pathways. These data contribute to our better understanding of miRNA 

alterations and pathways associated to lung carcinoid tumors. 

 

Key-words: lung carcinoid tumor, microRNAs, immune system, invasion, neuronal 

pathways. 
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1 Introdução 

De acordo com dados do GLOBOCAN (2018), o câncer de pulmão é o mais 

incidente e o maior em número de mortes em todo o mundo. O câncer de pulmão de células 

não pequenas representa a maioria dos casos (~85%), enquanto que o de células pequenas 

representa ~15%. O câncer de pulmão é mais comumente diagnosticado em pacientes com 

idade igual ou maior a 65 anos, sendo que o consumo excessivo de tabaco é um dos principais 

fatores de risco (1). 

Os tumores neuroendócrinos compreendem um grupo heterogêneo de neoplasias 

que se originam de células neuroendócrinas, acometendo mais comumente os pulmões, 

intestino liso e reto (2). Os tumores neuroendócrinos pulmonares que ocorrem como células 

individuais ou pequenos clusters, também denominados de corpos neuroepiteliais (3), 

compreendem aproximadamente 25% das neoplasias pulmonares primárias (4).  

Os tumores neuroendócrinos pulmonares compreendem quatro subtipos: (a) 

carcinoide típico bem diferenciado de baixo grau (2% das neoplasias pulmonares); (b) 

carcinoide atípico bem diferenciado de grau intermediário (<1%), (c) carcinoma de grandes 

células pobremente diferenciado de alto grau (3%) e (d) carcinoma de células pequenas 

pobremente diferenciado de alto grau (20%) (4,5). 

Os subtipos carcinoide típico e atípico de tumores neuroendócrinos do pulmão são 

o foco da nossa pesquisa. 

Ao contrário dos outros tipos de câncer de pulmão, os tumores neuroendócrinos 

são mais comuns em pacientes jovens e não estão na sua maioria associados ao tabagismo (5). 

Mesmo sendo considerados tumores menos frequentes, sua incidência vem aumentando nos 

últimos anos (6). Entretanto, ainda há um baixo reconhecimento desses tumores pelos 

especialistas os quais estão diretamente envolvidos no diagnóstico e tratamento dos pacientes. 

Este é um fator importante a ser considerado, visto que o diagnóstico corretamente aplicado e 

realizado precocemente está associado à implementação de estratégias de tratamento 

adequadas e tem impacto prognóstico (7). 

Aproximadamente 2/3 dos tumores carcinoides se desenvolvem nos brônquios 

principais. Dessa forma, os sintomas clínicos mais comuns associados com o 

desenvolvimento desses tumores incluem dor torácica, dispnéia, tosse, a qual pode ou não ser 

acompanhada de sangue e pneumonia obstrutiva (8). 

O diagnóstico é feito com base nas características histopatológicas dos tumores, 

contagem do número mitoses, presença ou ausência de necrose e positividade para 
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marcadores de imunohistoquímica específicos para células neuroendócrinas, como 

sinaptofisina e cromogranina A (9,10). 

Quanto às características histopatológicas desses tumores, os carcinoides típicos 

são de baixo grau e os atípicos são de grau intermediário. Embora esses tumores possam ser 

diagnosticados em análises citológicas a partir de lavado brônquico ou por meio de biópsia, é 

difícil distinguir histologicamente os tumores típicos dos atípicos. O diagnóstico preciso 

geralmente requer análise histológica de um fragmento tumoral retirado por meio de biópsia 

ou cirurgia. A morfologia dos tumores carcinoides típicos e atípicos é similar com uma 

população uniforme de células tumorais organizadas em nichos organoides com uma 

quantidade moderada de citoplasma com tonalidade eosinofílica. Existe uma variedade de 

padrões histológicos predominantes desses tumores, incluindo células fusiformes, padrão 

oncocítico, glandular, folicular, células claras e melanocítico. Os carcinoides típicos 

apresentam menos de 2 mitoses por 2 mm² e ausência de necrose, enquanto os atípicos 

mostram um número aumentado de mitoses (2-10 mitoses por 2 mm²) e necrose, sendo que a 

presença de um grande número de figuras mitóticas é a característica mais importante para 

distinção dos subtipos típico e atípico (4,9,10). 

Entretanto, a classificação e diagnóstico dos tumores carcinoides típicos e atípicos 

ainda são complexas, devido a fatores etiológicos não bem estabelecidos e sintomas 

inespecíficos da doença (7). 

Os carcinoides atípicos têm maior probabilidade de recorrência ou aparecimento 

de metástases quando comparados com os tumores típicos, nos quais os pacientes têm melhor 

prognóstico (11,12). Dos tumores carcinoides, 10-30% são atípicos (8). 

O estadiamento dos tumores carcinoides pulmonares primários é realizado de 

acordo com a classificação TNM (Tumor, Nódulo, Metástase). A Associação Internacional 

para o Estudo do Câncer de Pulmão (IASLC) aprovou essa classificação em 2009 quando foi 

determinado que o sistema de estadiamento TNM era útil para predizer o prognóstico de 

pacientes com tumores carcinoides (13). A aplicação desse sistema de estadiamento a casos 

registrados no Instituto Nacional do Câncer (Surveillance, Epidemiology and End Results 

Program – banco de dados SEER) determinou que a sobrevida de 5 anos dos pacientes com 

doença de estadiamento I é de 93%, estadiamento II de 74%, estadiamento III de 67-75% e 

estadiamento IV de 57% (13). Vários estudos indicam que a maioria dos pacientes com 

carcinoides típicos apresentam estadiamento I de doença (até 90% dos casos) enquanto os 

pacientes com carcinoides atípicos apresentam doença em estadiamento avançado (8). 
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A sobrevida é significativamente melhor para os pacientes com tumores típicos 

comparado com atípicos. Para pacientes com carcinoides típicos, a sobrevida de 5 e 10 anos é 

estimada em 87% e 86%, respectivamente e para aqueles com carcinoides atípicos, de 56% e 

35%, respectivamente (14). Os fatores preditivos de sobrevida incluem o estadiamento, 

tamanho do tumor, presença de altos índices mitóticos (no subtipo atípico) e idade superior a 

60 anos (11,13). 

A cirurgia é a modalidade de tratamento primário e até o momento constitui a 

única opção curativa para pacientes com tumores carcinoides típicos e atípicos. Devido à 

localização central dos tumores, na maioria dos casos, a pneumonectomia ou bilobectomia é 

frequente, entretanto a maioria dos pacientes é submetida à lobectomia (15). Há um consenso 

na literatura que recomenda a dissecção completa de linfonodos no mediastino e, quando 

possível, a ressecção de linfonodos metastáticos (12), sendo associada à diminuição de 

recorrência local e melhoria da sobrevida (16). Entretanto, alguns autores consideram que há 

falta de consenso entre os protocolos de tratamento e manejo adequados de pacientes com 

tumores pulmonares neuroendócrinos, principalmente no contexto de doença não ressecável 

cirurgicamente e ou metastática, devido à falta de evidência clínica (7). 

A terapia adjuvante para o tratamento dos tumores carcinoides ainda é 

questionável, principalmente devido à falta de dados. Outro fator importante é que, 

normalmente, eles apresentam resistência tanto à quimio- quanto à radioterapia. Ainda assim, 

a terapia adjuvante é indicada em casos de ressecção incompleta dos tumores ou quando há 

envolvimento de linfonodos do mediastino e das margens teciduais (17). 

Alguns estudos têm sido realizados com o objetivo de encontrar novas terapias. 

Yao et al mostraram que a terapia com everolimus foi capaz de reduzir o risco de progressão 

da doença (18). Outro estudo, utilizando linhagens celulares de tumores carcinoides, mostrou 

que a combinação de octreotide, cabergolina e inibidores de mTOR foi capaz de reduzir a 

viabilidade celular e a fosforilação de Akt e ERK (19). 

A maioria dos estudos sobre as bases moleculares do câncer de pulmão tem sido 

realizada em carcinomas de células não pequenas e levaram à identificação principalmente de 

mutações em genes condutores da tumorigênese (20). Muitos dos genes identificados levaram 

ao desenvolvimento de terapias mais precisas para os pacientes diagnosticados com o subtipo 

adenocarcinoma pulmonar, tais como os inibidores tirosina-quinase para mutações no receptor 

do fator de crescimento epidérmico (EGFR) (21). 
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Embora as características histopatológicas dos tumores carcinoides estejam bem 

descritas, a literatura é escassa em relação às alterações moleculares (8,22–30). Alguns 

estudos ainda mostram que essas alterações não são as mesmas encontradas em outros tipos 

de câncer de pulmão (26,28,31). Da mesma forma, os dados sobre microRNAs (miRNAs) em 

tumores carcinoides também são escassos (32–38). 

A literatura evidencia que é necessária a realização de estudos sobre os 

mecanismos moleculares associados aos tumores carcinoides. Tais estudos devem levar à 

elucidação das vias moleculares implicadas no desenvolvimento e progressão neoplásica. 

Adicionalmente, podem contribuir para a identificação de biomarcadores para melhorar o 

valor diagnóstico, prognóstico ou tratamento dos pacientes. 

Os miRNAs têm sido amplamente associados com processos de desenvolvimento 

e progressão de inúmeros tipos de câncer. Os miRNAs são RNAs pequenos, de ~18 a 22 

nucleotídeos de comprimento, não codificam proteínas e são potentes reguladores da 

expressão gênica. O mecanismo de ação dos miRNAs é principalmente pela ligação à 

extremidades 3’ não traduzida (3’ UTR) do RNA mensageiro (mRNA), geralmente levando à 

inibição da tradução ou à degradação do mRNA (39). 

Os miRNAs estão envolvidos em muitos processos biológicos importantes, tais 

como o desenvolvimento embrionário, diferenciação, apoptose e proliferação celular (40–42) 

e em mecanismos de oncogênese (43–45). Os miRNAs têm sido indicados como candidatos 

ideais a biomarcadores diagnósticos, prognósticos e como alvos terapêuticos potenciais no 

câncer (46–51). 
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2 Justificativa 

O presente estudo faz-se necessário devido à escassez de dados sobre alterações 

genéticas e epigenéticas associadas ao desenvolvimento e progressão de tumores carcinoides 

do pulmão. Considerando que a identificação de vias moleculares condutoras da tumorigênese 

é de fundamental importância para determinar terapêuticas mais precisas para pacientes com 

câncer, a realização dessa pesquisa é plenamente justificada. 

 

 

 

3 Objetivos 

 

Objetivo 1. Determinar o perfil global de expressão de miRNAsem tumores carcinoides do 

pulmão; 

 

Objetivo 2. Identificar (in silico) os mRNAs-alvo regulados pelos miRNAs e vias 

moleculares potencialmente condutoras da tumorigênese em tumores carcinoides do pulmão. 

 

 

 

 

O presente trabalho de Dissertação de Mestrado está dividido em dois Capítulos, os quais 

compreendem os artigos científicos: 

 

Capítulo 1: microRNA downregulation is associated with pathways of adaptive immune 

response and invasion in a rare metastatic typical lung carcinoid. 

 

 

Capítulo 2: microRNA expression profiles and prognostic value in typical and atypical lung 

carcinoid tumors 
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Capítulo 1 

microRNA downregulation is associated with pathways of adaptive immune 

response and invasion in a rare metastatic typical lung carcinoid. 
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Abstract 

Background: Typical lung carcinoids are uncommon neuroendocrine tumors and not often 

metastatic. Molecular features of lung carcinoid tumors have been poorly defined, including 

the role of microRNAs (miRNAs), which are key players in gene expression regulation 

related to tumorigenesis. 

Objectives: To identify commonly deregulated miRNAs in paired samples of tumor and 

metastasis and pathways including deregulated miRNAs and target-genes. 

Method: Global miRNA expression profiles were assessed in typical carcinoid tumors, the 

corresponding lymph node metastasis and histologically normal lung tissues, using TaqMan 

Low Density Arrays. Computational analyses were performed to determine validated miRNA 

target genes and tumorigenesis pathways. 

Results: We identified 28 deregulated miRNAs (21 down- and 7 up-regulated) in tumors and 

40 in the lymph node metastasis (38 down- and 2 up-regulated) (FC≥2 and p<0.05) compared 

to normal lung tissues. 16 miRNAs were commonly deregulated in tumor and metastasis; the 

majority (15 miRNAs) being significantly down-regulated and with decreasing levels in 

metastasis compared to the primary tumor. Deregulated levels of six miRNAs were validated 

in two external datasets (N=48 typical and 3 atypical carcinoids compared with 35 normal 

lung tissues). Low levels of miR-146b-5p were significantly associated with poor patient 

survival (p<0.02) and HR=1.9 (1.14-3.16) in an independent external adenocarcinoma dataset. 

Down-regulated miRNAs have a tumor suppressive role in oncogenesis and are involved in 

biological pathways significantly enriched for adaptive immune response, invasion and 

metastasis. 

Conclusions: A specific subset of miRNAs is widely down-regulated and modulates 

pathways of adaptive immune system response and invasion in typical lung carcinoid tumors. 

 

Keywords: lung carcinoid tumor, microRNA, adaptive immune system, metastasis. 
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Introduction 

 

Typical carcinoid tumors of the lung are low-grade lung neuroendocrine lesions that account 

for ~2% of all lung neoplasms. These tumors are most common in younger patients and are 

usually not related to smoking. They are also infrequently associated with metastasis at 

diagnosis and the 5-year overall patient survival is >80%. Diagnosis of typical carcinoids is 

based on histological examination and mitotic counting lower than 2 mitoses per 2 mm², 

without necrosis. Disease staging follows TNM categorization, and surgery remains as the 

standard treatment due to the high failure rates of chemo- or radiotherapy [1].  

Although the histopathological features of lung carcinoid tumors are known, the molecular 

alterations associated with disease development and progression need to be elucidated. 

Armengol et al. [2] and Fernandez-Cuesta et al. [3] demonstrated that genetic mutations are 

uncommon in lung neuroendocrine tumors compared to other subtypes, such as 

adenocarcinoma or lung squamous cell cancers [4]. The few studies on microRNA (miRNA) 

changes in lung carcinoid tumors showed a wide range of differentially expressed miRNAs in 

tumor vs. normal lung tissue [5,6], among the different neuroendocrine tumor subtypes [7], 

and in typical vs. atypical tumors, and among atypical tumors with and without lymph node 

metastasis [8]. To the best of our knowledge, no other studies have reported miRNA changes 

in rare tumor subtypes such as typical carcinoids with lymph node metastasis. 

Our hypothesis is that commonly deregulated miRNAs in primary tumor and lymph node 

metastasis are drivers of tumor progression. Our aim was to identify pathways including 

miRNAs and target genes as potential molecular drivers of metastasis in typical carcinoids. 

 

Material and Methods 

 

Patient and samples 

Two fragments of the same typical carcinoid tumor and a lymph node metastasis were 

obtained from surgical resection in a female patient, 38-years-old at diagnosis, non-smoker 

and with no family history of cancer. This analysis was important to confirm that distinct 

parts of the same tumor were homogenous regarding their global miRNA expression levels. 

Disease diagnosis confirmed a locally invasive typical carcinoid tumor; T2aN1M0 

(pathological stage IIB), according to the American Joint Committee on Cancer staging 

system (AJCC, 8
th

 edition). Formalin-fixed, paraffin-embedded (FFPE) tissues were obtained 

from the Pathology Department at Botucatu Clinical Hospital, FMB, UNESP, São Paulo, 

Brazil.  Two FFPE tissue blocks were obtained from two different areas of the tumor, and one 

FFPE sample corresponding to the lymph node metastasis. FFPE samples were cut (10 

sections of 10 µm each) for needle microdissection using the stereo microscope Leica EZ4 

(Leica Microsystems, Wetzlar, Germany) before RNA extraction, in order to isolate the target 

cell populations (tumor or normal). An expert lung pathologist marked the tumor or normal 

areas on H&E-stained section. In addition, an RNA pool of 9 histologically normal lung 

tissues was used as a reference to calculate relative miRNA expression. Therefore, we have 

generated miRNA profiles using the following samples: tumor (N=2 fragments) and lymph 

node metastasis (N=1) from the same patient, and histologically normal lung tissues (N=9) as 

reference controls. 
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RNA extraction 

RNA was extracted using the RecoverAll Total Nucleic Acid Isolation Kit for FFPE tissues 

(Ambion/Thermo Fisher), according to the manufacturer's instructions. 

 

miRNA expression analysis 

TaqMan Array Human microRNA card A v.3.0 (Life Technologies/Thermo Fisher Scientific) 

was used to identify commonly deregulated miRNAs in tumor and metastasis based on a 

panel of 384 miRNAs including controls as previously reported [9]. 

 

Computational analyses 

miRNA target genes were predicted using microRNA Data Integration Portal (mirDIP) 

(http://ophid.utoronto.ca/mirDIP/) [10] and miRNA-target gene interactions were validated by 

miRTarBase. In addition, ToppGene Suite (https://toppgene.cchmc.org/) [11] was used to 

identify statistically enriched pathways, and miRBase (http://www.mirbase.org/) [12] and 

UCC Genomic database (https://genome.ucsc.edu/index.html) [13] were used to determine the 

genomic location of all 16 miRNAs. 

 

Validation in external datasets 

Publicly available miRNA expression data were retrieved from Gene Expression Omnibus 

(GEO) DataSets (https://www.ncbi.nlm.nih.gov/gds). Data were obtained from studies that 

followed the inclusion criteria of having original raw data available of global miRNA 

expression, in primary human lung carcinoids, of both typical and atypical histologies, and 

that included histologically normal lung tissues for comparison. Two studies [5,6] were 

considered eligible and used for data retrieval and analyzes. miRNA expression data were 

analyzed using the bioinformatics tool GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/) 

with the default parameters. miRNA expression was determined by comparing typical (N=48) 

and atypical (N=3) vs. corresponding normal samples (N=35) in these two external datasets 

(Table 1). Since one of these public datasets [5] contained two patients with typical 

carcinoids and lymph node metastasis, we refined our validation analysis by comparing only 

these cases against our data. Prognostic value of miRNA expression was assessed using 

Survmicro [14] in an independent adenocarcinoma dataset (esophageal cancer) [15]. 

 

Results 

 

Tissue samples exhibited histological features and biomarkers characteristic of a typical 

carcinoid tumor 

Histological analysis of surgically resected tumor and lymph nodes showed tumor cells 

having nuclei with small to intermediate size and heterogeneous chromatin. Tumor stroma 

was vascularized. There was 1 mitotic cell in 10 large magnification fields. No 

angiolymphatic or perineural invasion or necrosis was present. The Ki-67 proliferation index 

was 1%. Histopathological features of this typical carcinoid tumor are shown in Figure 1A; 

neuroendocrine differentiation is shown by immunopositivity of chromogranin and 

http://ophid.utoronto.ca/mirDIP/
https://toppgene.cchmc.org/
http://www.mirbase.org/
https://genome.ucsc.edu/index.html
https://www.ncbi.nlm.nih.gov/gds
https://www.ncbi.nlm.nih.gov/geo/geo2r/
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synaptophysin [1] (Figure 1B and 1C). One of three resected lymph nodes showed 

cytomorphological aspects identical to the tumor. Immunohistochemical biomarker analysis 

of this lymph node sample confirmed epithelial histogenesis of tumor cells, showing 

immunopositivity to cytokeratins (AE1/AE3) (Figure 1D). Immunopositivity of 

chromogranin and synaptophysin confirmed the diagnosis of a typical lung carcinoid tumor 

with metastasis in 1/3 lymph nodes. 

 

A specific subset of miRNAs is commonly deregulated in paired tumor and lymph node 

metastasis. 

28 miRNAs were significantly deregulated (21 down- and 7 up-regulated) (FC≥2 and p<0.05) 

in the two fragments of the tumor and 40 (38 down- and 2 up-regulated) in the metastatic 

sample. Global miRNA expression profiles were highly correlated in the two tumor areas 

(r=0.97, Pearson correlation) demonstrating that the two tumor fragments were homogeneous 

regarding miRNA expression levels. 

We were able to identify 16 commonly deregulated miRNAs (FC≥2 and p<0.05), most (15 

miRNAs) being down- and 1 up-regulated. Of the 15 down-regulated miRNAs, 12 exhibited a 

notable further decreased expression in the metastasis compared to the tumor (Table 2). 

Genomic mapping analysis showed that 5/16 miRNAs were mapped closely in the genome, 

with two miRNAs on chromosome 9q22.32-q34.3, and three on chromosome 14q32.2-q32.31 

(Figure 2). These regions have been associated with genomic changes in cancer cells, and 

may be a potential mechanism of miRNA deregulation [16,17]. 

 

miRNA target genes control adaptive immune response, invasion and metastasis 

mirDIP prediction analysis showed a total of 2,527 interactions encompassing all 16 miRNAs, 

with 1,698 targets being validated on miRTaRBase (Supplementary Table 1 – Accessible at 

https://www.dropbox.com/s/2yvqu49eueqzi6c/Supplementary%20table%201.xlsx?dl=0). 

Genes were further mapped on 106 significantly (p<0.05) enriched pathways. Among 

pathways identified, 114 genes were involved in adaptive immune response and a large 

number of genes associated with pathways related to invasion and metastasis 

(Supplementary Table 2 – Accessible at 

https://www.dropbox.com/s/y34waonf3j9erut/Supplementary%20table%202.xlsx?dl=0). 

Interaction networks identified were significantly (p<0.05) enriched by deregulated miRNAs 

and genes that play roles in adaptive immune response (Figure 3). miRNA-modulated 

pathways of immune response, cellular proliferation and invasion are associated with tumor 

progression and lymph node metastasis formation, as illustrated in Figure 4. 

 

Deregulated expression of tumor suppressive and oncomiRs were validated in external 

datasets 

The 16 commonly deregulated miRNAs identified in tumor and lymph node metastasis 

(Figure 5) were validated against published GEO datasets, from which the original raw data 

were retrieved and re-analyzed, as outlined above. When we compared our miRNA data with 

the data generated by Yoshimoto et al.[5] and Deng et al.[6] in typical or atypical lung 

carcinoids vs. normal tissues, as well as in samples of two typical carcinoids with lymph node 

metastasis, six miRNAs were validated: five were down-regulated: hsa-let-7b-5p, hsa-miR-

126-3p, hsa-miR-146b-5p, and hsa-miR-320a-3p, hsa-miR-494-3p and one was up-regulated: 

https://www.dropbox.com/s/2yvqu49eueqzi6c/Supplementary%20table%201.xlsx?dl=0
https://www.dropbox.com/s/y34waonf3j9erut/Supplementary%20table%202.xlsx?dl=0
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hsa-miR-411-5p (p<0.05, Table 3). Validation of this six miRNA subset in these 3 cases of 

typical carcinoids (1 patient from our study and 2 patients from Yoshimoto´s study) indicates 

a likely involvement of these miRNAs as disease drivers in lung carcinoid tumorigenesis. 

 

Discussion/Conclusion 

 

Lung typical carcinoid tumors are not commonly observed and the presence of lymph node 

metastasis is reported in about 9% of the cases [18]. The case presented in our study matches 

the classification criteria for the typical carcinoid tumors, with less than 2 mitoses per 2 mm² 

and the absence of necrosis [1]. 

Considering that lung carcinoids do not have a high frequency of mutations [3], their 

underlying mechanisms of tumor development and progression may include deregulation of 

miRNAs, which are potent gene expression modulators. We were able to identify potential 

drivers of carcinogenesis and metastasis, with a particular focus on miRNAs in the analysis of 

matched tumor and metastasis from a same patient compared with histologically normal lung 

tissues. 

We identified that a subset of miRNAs is mainly under-expressed in tumor and lymph node 

metastasis with marked further decrease in expression levels in metastasis compared to the 

primary tumor. Such miRNAs may have a tumor suppressive role associated with disease 

progression. 

Our main findings agree with current evidence showing that metastatic progression 

accumulates further changes compared to the primary tumor (28 miRNAs deregulated in 

tumor and 40 miRNAs deregulated in metastasis, being 16 in common and with decreased 

levels in paired lymph node metastasis). Our data support existing evidence on metastatic 

dissemination upon immune system modulation, by identifying candidate miRNAs that play 

important regulatory roles in adaptive immune system [19].  

The 16 commonly deregulated miRNAs in tumor and regional metastasis directly target 

carcinogenesis-associated genes, which was consistent with their tumor suppressive effect. 

5/16 identified miRNAs (hsa-let-7e-5p, hsa-miR-186-5p, hsa-miR-24-3p, hsa-miR-29a-3p 

and hsa-miR-411-5p) have been previously reported in a comparison between typical vs. 

atypical lung carcinoid tumors [8], but their precise targets could not be unequivocally 

defined in that study since the specific miRNA strand was not reported. 

Among the identified miRNAs, six were validated in external datasets: hsa-let-7b-5p, hsa-

miR-126-3p, hsa-miR-146b-5p, hsa-miR-320a-3p, hsa-miR-494-3p and hsa-miR-411-5p; 

except the latter, all validated miRNAs were under-expressed in tumors compared to normal 

lung tissues. 

The hsa-let-7 family of miRNAs has been characterized to have tumor suppressive effects by 

targeting CDKN1B (p27
kip1

) whose over-expression is a feature of higher proliferation rates in 

some lung carcinoid tumors [20]. hsa-let-7e-5p, an important regulator of RAS family, has 

been linked to chemotherapeutic resistance, low E-cadherin expression and tumor 

aggressiveness in ALK positive lung adenocarcinoma [21]. miR-342-3p also has a prominent 

role in these tumors by targeting RAP2B, which is part of the RAS family [22]. The PI3K/Akt 

pathway is affected by miR-126 targeting of VEGFA and reduced expression of miR-126 is 
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linked to chemotherapy resistance in non-small cell lung cancer (NSCLC) and increased 

angiogenesis [23]. In NSCLC, lower miR-146-5p expression was associated with decreased 

survival and negatively correlated with TRAF6 (TNF receptor-associated factor-6). In 

addition, miR-146-5p over-expression in NSCLC cells triggered cell cycle arrest at the G1 

phase, reduced cell proliferation and decreased migration and invasion capabilities [24]. 

Interestingly, we applied SurvMicro analysis [14] to verify whether miRNAs were associated 

with survival in publicly available datasets of squamous cell carcinoma and adenocarcinoma; 

this analysis verified that low miR-146b-5p levels were associated with poorer survival of 

esophageal carcinoma patients (Supplementary Figure 1, analysis results based on dataset 

GSE 13937) [15]. Cell cycle regulation has been linked to miR-186 acting on cyclin D1, 

CDK2 and CDK6 [25] and miR-29a through CDC42 [26]. Two miRNAs belonging to the 

same family; miR-26a-5p and miR-26b-5p, had low levels in tumor and paired metastasis; 

miR-26a targets HMGA2, which has been linked to cisplatin chemoresistance in NSCLC and 

also E2F1 with consequent effects on AKT and BCL2[27]. The alternative isoform of this 

miRNA, miR-26b, targets MIEN1; which affected levels of NF-kB, MMP9 and VEGF 

inNSCLC [28]. BCL2 is also affected by miR-16-5p to influence the expression of BAX, p27 

and procaspase 3 [29]. miR-494 influences BCL2 to affect cycle arrest and apoptosis but also 

SCGN (Secretagogin, EF-Hand Calcium Binding Protein) to confer chemotherapy resistance 

[30].  

Our bioinformatic analyses focusing on miRNA targets showed N-RAS, RasGRP1, K-RAS, 

CDC42, CDKN1B, AKT3 and TRAF6, indicating a clear role in tumorigenesis. Additionally, 

we identified miRNA regulated genes that play a role in immune functions consistent with a 

modulator activity on the tumor immune response.  Among pathways identified, the highest 

number of miRNA target genes was shown to play a role in disease processes driven by 

immunosuppression, angiogenesis and invasion [31]. 

Our study showed an enrichment of 8 miRNA target genes with an important role in adaptive 

immune system regulation: CD200, BTLA, SOCS1, CD28, PTEN, AKT3, TRAF6 and IKBKB. 

Reduced PTEN expression can increase the production of immunosuppressive cytokines and 

reduced T cell recruitment to the tumor microenvironment to lessen cell death mediated by T 

cells [32]. TRAF6 mediates TNF receptor superfamily and Interleukin 1 receptor signaling, 

playing a central role in NF-kB activation [33]. BTLA (B- and T-lymphocyte attenuator) is a 

T cell co-inhibitory molecule that functions similarly to PD-1 and CTLA-4 in suppressing T 

cell activation [34]. CD28 is essential for T cell lymphocyte differentiation, proliferation, 

survival and cytokine production [35]. The potential role of CD200 is of particular interest in 

neuroendocrine tumors. CD200 encodes a cell surface suppressor of the immune system 

through binding to CD200R. Tumor cells expressing CD200 may support growth [36] and 

metastatic progression [37] and especially in neuroendocrine tumor samples, so that it has 

been suggested as a diagnostic biomarker in this tumor type [38]. To our knowledge, ours is 

the first evidence of miRNA down-regulation having CD200 as one of the main direct targets 

in lung carcinoid tumor and paired metastasis. 

In conclusion, we were able to identify and validate deregulated expression levels of 6 

miRNAs in typical lung carcinoids with lymph node metastasis. These miRNAs act as 

transcriptional regulators in pathways enriched for genes that control immune system 

response and invasion. Validation of this miRNA subset in independent datasets suggests that 

these 6 miRNAs may be drivers of metastatic spread in typical lung carcinoids. Our data 



32 
 

contribute to the identification of miRNAs as biomarkers of typical carcinoids presenting with 

lymph node metastasis. 
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Figures 

Figure 1. (A) Hematoxylin and Eosin (H&E) stained section of the low grade, typical 

carcinoid tumor of the lung. Chromatin in cell nuclei show evident “salt and pepper” 

patterning as indicated by black arrows. Tumor shows characteristic organoid tumor growth 

with vascularization (indicated by black *) and absence of necrosis and lack of mitotic 

activity, 400X magnification. (B) Immunohistochemical stained section showing positivity 

for synaptophysin, a specific biomarker expressed in the typical subtype of carcinoid tumors, 

400X magnification. (C) Immunohistochemical stained section showing positivity for 

chromogranin A, 200X magnification. (D) Immunohistochemical stained section showing 

positivity for cytokeratins (AE1/AE3), 200X magnification. Positive immunostaining areas 

are indicated by the green stars *. 
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Figure 2. Genomic location of 5 miRNAs mapped closely in the human genome. Down-

regulated miRNAs are shown as green boxes and up-regulated as the red box. 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

 

Figure 3. miRNA-mRNA network enrichment of target genes in adaptive immune response 

pathways. 
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Figure 4. The 16 commonly altered miRNAs in primary tumor and lymph node metastasis 

regulate the expression of genes involved in immune response, cellular proliferation, invasion 

and metastasis. A subset of 12 miRNAs was further down-regulated in metastasis, suggesting 

a potential role for deregulated miRNA-mRNA networks in disease progression. This figure 

was made using BioRender software. 
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Figure 5. Venn Diagram depicting the total number of deregulated miRNAs (black), down-

regulated (green) and up-regulated (red) in tumor, metastasis and in common to both sample 

types. 

 

 

Supplementary Figure 1. Kaplan-Meier survival analysis. The down-regulation of miR-

146b-5p was associated with poor survival of patients with esophagus adenocarcinoma (left 

panel). Expression levels of the miRNA for low and high risk group patients are shown in the 

right panel. 
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Tables 

 

Table 1. Validation datasets. 

Public dataset/ 

Accession ID 
Sample size Platform 

Deng et al. 2014 

GSE58600 

23 lung typical carcinoid tumors 

23 normal lung tissues 

Illumina Human v2 MicroRNA 

expression beadchip 

Yoshimoto et al. 2017 

GSE77380 

25 lung typical carcinoid tumors 

3 lung atypical carcinoid tumors 

12 normal lung tissues 

Agilent-031181 

Human_miRNA_V16.0_Microarray 

(miRBase release 16.0 miRNA ID 

version) 
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Table 2. Commonly deregulated miRNAs in typical carcinoid tumor and metastasis. 

 
Tumor Metastasis 

miRNA ID FC P-value FC P-value 

hsa-let-7b-5p 0,067 0,001 0,002 0,001 

hsa-let-7e-5p 0,355 0,016 0,036 0,002 

hsa-miR-126-3p 0,060 0,019 0,047 0,018 

hsa-miR-146b-5p 0,063 0,004 0,360 0,036 

hsa-miR-16-5p 0,384 0,038 0,161 0,015 

hsa-miR-186-5p 0,250 0,049 0,061 0,005 

hsa-miR-24-3p 0,378 0,029 0,074 0,004 

hsa-miR-26a-5p 0,038 0,001 0,014 0,002 

hsa-miR-26b-5p 0,175 0,032 0,058 0,018 

hsa-miR-29a-3p 0,156 0,002 0,111 0,005 

hsa-miR-30c-5p 0,018 0,001 0,018 0,003 

hsa-miR-320a 0,314 0,021 0,076 0,006 

hsa-miR-342-3p 0,367 0,015 0,209 0,011 

hsa-miR-494-3p 0,030 0,011 0,055 0,008 

hsa-miR-660-5p 0,210 0,022 0,030 0,006 

hsa-miR-411-5p 66,128 0,015 17,968 0,031 

FC: fold change 
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Table 3. Validated miRNAs in two external datasets. 

Public data set/Accession ID 
miRNA ID log FC p-value 

Deng et al. 2014 

GSE58600 

hsa-let-7b-5p* -0.745 1.23e-06 

hsa-miR-126-3p* -0.273 6.98e-03 

hsa-miR-146b-5p* -0.702 7.08e-06 

hsa-miR-320a-3p* -0.337 8.75e-04 

hsa-miR-411-5p* 2.521 1.33e-13 

Yoshimoto et al. 2017 

GSE77380 

hsa-let-7b-5p* -1.45 6.16e-03 

hsa-miR-126-3p* -4.14 1.10e-04 

hsa-miR-146b-5p* -5.33 6.16e-03 

hsa-let-7b-5p** -1.451 1.22e-01 

hsa-miR-126-3p** -2.922 7.62e-02 

miRNAs were validated using two publicly available datasets (Deng et al. Cell & Bioscience. 

2014;4:1–10 and Yoshimoto et al. Neuroendocrinology. 2017;106:47–57). 

FC: fold change. 

* indicates miRNAs deregulated in typical carcinoids vs. normal 

** indicates miRNAs deregulated in atypical carcinoids vs. normal. 
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Abstract 

Lung carcinoid tumors are a subtype of neuroendocrine neoplasia. Typical and atypical lung 

carcinoids are rare subtypes with widely unknown molecular alterations. MicroRNAs 

(miRNAs) are potent gene expression regulators that control important cellular processes and 

have been shown as clinically applicable biomarkers in several cancer types. We analyzed 

annotated miRNA sequences in the human genome (2,578 miRNAs) in typical (N=5) and 

atypical (N=2) lung carcinoids using the GeneChip™ miRNA 4.0 platform. Significantly 

deregulated miRNAs (p<0.01 and FDR<0.05) were identified compared to histologically 

normal lung tissues (9 miRNAs in typical and 20 miRNAs in atypical). These miRNAs were 

further used to investigate their target genes and pathways, using bioinformatics tools. We 

found that miRNAs regulate target genes involved in the regulation of the FcƐ receptor I 

(FCƐRI), PDGF and NGF signalling via TRKA from the plasma membrane in typical 

carcinoids. In atypical histology, miRNAs regulate target genes with roles in immune system 

response and neuronal pathways. In addition, a subset of miRNAs were associated with 

survival in an independent, publicly available next generation sequencing dataset from lung 

adenocarcinoma (N=195 patients) profiled by The Cancer Genome Atlas. Differences in 

miRNA profiles between the histological subtypes of lung carcinoids are important to 

understand their molecular features and pathophysiology of these tumors. Our data contribute 

to the identification of miRNAs that may be clinically relevant as diagnostic and prognostic 

biomarkers, as well as pathways that may be potentially targeted in cancer cells to improve 

patient treatment. 

Key-words: carcinoid tumors, microRNAs, bioinformatics, pathways. 
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Introduction 

 

Neuroendocrine tumors of the lung comprise ~25% of all primary lung tumors and are 

classified, histologically, in four subtypes: well-differentiated, low grade typical carcinoid 

(TC) (~2% of all lung neoplasia); well differentiated, intermediated-grade atypical carcinoid 

(AC) (<1%); poorly differentiated, high-grade large cell neuroendocrine carcinoma (~3%) and 

poorly differentiated, high grade small cell lung carcinoma (~20%) (1,2). Disease diagnosis is 

based on histological features, mitotic index and the evidence of necrosis (3). Typical 

carcinoid tumors have less than 2 mitoses per 2 mm² and absence of necrosis, while the 

atypical carcinoids have 2-10 mitoses per 2 mm² and/or presence of necrosis (3). 

Differentially expressed microRNAs were reported in typical vs. atypical lung 

carcinoids (4–10); however miRNA target genes and pathways and their potential role as 

biomarkers are not well explored. miRNAs may have a potential role as biomarkers useful for 

subtype classification as well as in carcinoid development and progression, since these tumors 

have a low frequency of genetic alterations, suggesting that epigenetics is likely involved 

(11).  

miRNAs are small non-coding RNAs with ~18-22 nucleotides in length and act as 

post-transcriptional regulators of gene expression. miRNAs bind to the 3’ untranslated region 

(3’UTR) of target messenger RNA (mRNA) molecules, blocking translation. miRNAs are 

known to have a key role as modulators of several cellular processes such as cell growth and 

differentiation, metabolism, embryonic development, proliferation, and apoptosis. Therefore, 

deregulated miRNA expression is associated with oncogenesis. miRNAs have been suggested 

as potential biomarkers for diagnosis, prognosis and treatment in many cancers (12). 

We analyzed global miRNA expression in lung typical and atypical carcinoids with 

the goal of evaluating whether miRNA profiles were distinct and targeted different genes and 



48 
 

pathways in these different histological disease subtypes. By computational in silico analyses, 

we were able to identify miRNA-mRNA networks and pathways, which may represent an 

opportunity for development of improved treatment strategies for patients who are not eligible 

to curative surgery. 

 

Material and Methods 

 

Ethics approval  

This study was approved by the Research Ethics Board of the Faculty of Medicine 

(FMB), São Paulo State University (UNESP), under the REB # 1.908.978. 

 

Patients and samples 

Formalin-fixed, paraffin-embedded (FFPE) tissues were obtained from five typical and 

2 atypical carcinoid tumors from patients treated at Botucatu Clinical Hospital, a public 

teaching hospital at UNESP. Patients with typical carcinoids were all female, non-smokers, 

mean age was 50.8 years (range 34-77) and tumors did not have lymph node metastasis. 

Patients with atypical carcinoids were a 52 year old female and a 71 year old male, both 

smokers. The male patient had one metastatic lymph node. 

FFPE samples were cut (10 sections of 10 µm each) for needle microdissection using 

the stereo microscope Leica EZ4 (Leica Microsystems, Wetzlar, Germany) before RNA 

extraction, in order to isolate tumor cells. An expert lung pathologist marked the tumor areas 
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on the H&E-stained sections. A polled RNA sample containing 8 histologically normal lung 

tissues was used as a reference to calculate relative miRNA expression.  

 

RNA extraction 

RNA was extracted using the RecoverAll Total Nucleic Acid Isolation Kit for FFPE 

tissues (Ambion/Thermo Fisher), according to the manufacturer's instructions. 

 

Global miRNA expression analysis 

130 ng of total RNA was used for sample preparation, labelling and hybridization to 

the GeneChip™ miRNA 4.0 Assay (Affymetrix/Thermo Fisher Scientific). Quality control 

(QC) assessment was performed according to the manufacturer's recommendations and all 

samples passed the QC criteria. miRNA expression profiles were obtained in carcinoid tumors 

and the pooled normal lung reference sample, for a panel of 2,578 miRNAs including 

endogenous controls. The protocol followed the manufacturer's instructions. Data were 

analyzed using the Transcriptome Analysis Console (Affymetrix/Thermo Fisher Scientific). 

miRNA expression profiles of typical and atypical carcinoids were analyzed separately, 

relative to the normal control. We first identified statistically significantly deregulated 

miRNAs with p<0.05, in each tumor subtype. In order to select the most significantly 

deregulated miRNAs for downstream target gene prediction and pathways analyses, we 

further applied a more stringent filtering criteria of FC≥2 and p<0.01 and FDR<0.05. 
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Computational analyses 

miRNA target genes were predicted using microRNA Data Integration Portal (mirDIP) 

(http://ophid.utoronto.ca/mirDIP/) (13) and miRNA-target gene interactions were validated 

using miRTarBase (14). In addition, ToppGene Suite (https://toppgene.cchmc.org/) (15) was 

used to identify statistically enriched pathways. 

 

Survival analysis 

In order to verify whether any combination(s) of miRNAs were associated with survival, 

Kaplan Meier analysis was performed for deregulated miRNAs using SurvMicro (16) tool. 

We tested identified miRNAs against the publicly available The Cancer Genome Atlas 

(TCGA) datasets of Lung Adenocarcinoma (N= 195 patients) and Lung Squamous Cell 

Carcinoma (N=142) profiled by next generation sequencing in the Illumina HiSeq platform. 

 

Results 

 

Deregulated miRNA expression in typical and atypical carcinoid tumors 

A total of 150 and 108 miRNAs were significantly deregulated (p<0.05) in typical and 

atypical carcinoids, respectively. Of these, 42 miRNAs were commonly altered in both tumor 

types, 108 miRNAs being exclusively deregulated in typical and 66 miRNAs exclusively 

deregulated in atypical histology (Supplementary Table 1). A reduced number of miRNAs 

were identified as highly significantly altered using stringent filtering of FC≥2 and p<0.01 

http://ophid.utoronto.ca/mirDIP/
https://toppgene.cchmc.org/
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and FDR<0.05; 8 miRNAs were under- and 1 was over-expressed in typical carcinoids (Table 

1) and 8 miRNAs were under- and 12 were over-expressed in atypical carcinoids (Table 2). 

 

miRNA target genes in typical carcinoids modulate FcƐ receptor I, PDGF and NGF 

signalling via TRKA 

mirDIP analysis resulted in 1,805 predicted miRNA-mRNA interactions, with 1,576 of these 

being validated on miRTarBase. Validated interactions include genes that play roles in 56 

significantly enriched pathways (FDR<0.05) (Supplementary Table 2). Among them, 19 

genes were involved in FcƐ receptor I (FCƐRI) pathway, 17 genes in PDGF signalling, and 17 

other genes in NGF signalling via TRKA from the plasma membrane. 

 

miRNA target genes in atypical carcinoids regulate adaptive and innate immune system 

response and neuronal pathways 

mirDIP analysis resulted in 4,019 predicted interactions, with 3,438 interactions validated on 

miRTarBase. Validated interactions include genes that play roles in 245 significantly enriched 

pathways (FDR<0.05) (Supplementary Table 3). Among them, 55 genes were involved in the 

innate immune system response, 40 in adaptive immune system response, 36 in axon 

guidance, 34 in NGF signalling, and 31 genes play roles in NGF signalling via TRKA from 

the plasma membrane. 
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miRNA signatures are associated with poor survival of patients with lung 

adenocarcinoma (TCGA dataset) 

Although we tested both datasets of lung adenocarcinoma and squamous cell carcinoma, we 

found statistical correlation with survival for patients with lung adenocarcinoma only. In this 

dataset, a 4-miRNA expression signature (hsa-miR-1261/hsa-miR-3148/hsa-miR-595/hsa-

miR-375) identified in typical lung carcinoids was found to be associated with survival. All 

miRNAs except miR-375 were under-expressed in typical carcinoids and showed lower 

expression in lung adenocarcinoma patients with poor survival (Figure 1A).  

In addition, using miRNAs identified in atypical lung carcinoids, we found that a subset of 5 

miRNAs (hsa-miR-520g/hsa-miR-520h/hsa-miR-941-1/hsa-miR-941-3/hsa-miR-941-4) was 

associated with worse survival of patients with lung adenocarcinoma. All miRNAs were 

under-expressed in atypical carcinoids and have significantly lower expression in the high-

risk patient group (Figure 1B). 

Discussion of Main Findings 

 

 We identified differences in miRNA expression profiles of typical and atypical 

carcinoid lung tumors. Previous studies have reported genetic (17–19), epigenetic (11) and 

miRNA changes in lung carcinoids (4,5,7–9). To the best of our knowledge, ours is the only 

study to date, which examined a much larger number of miRNAs in a high throughput 

platform containing 2,578 miRNAs annotated on miRBase (20), compared to previously 

published reports. In addition, our study was performed with stringent sample preparation 

criteria, by using needle microdissection to select and analyze miRNA expression in samples 

containing nearly pure cell populations of at least 95% tumor cells. By applying these 
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methods, we were able to identify distinct molecular pathways significantly enriched in 

typical and atypical tumors. 

In typical carcinoids, the 9 significantly altered miRNAs play roles in the regulation of 

genes involved in immune response via the FcƐ receptor I (FCƐRI), a receptor expressed in 

surface of human cells, including monocytes, mast cells and eosinophils. FCƐRI has high 

affinity and binds to Immunoglobulin E (IgE), activating transcription factors and leading to 

secretion of cytokines and chemokines. In addition, FCƐRI signalling activates RAS and 

MAPKs (21), which are known to play roles in lung tumorigenesis. Notably, it has been 

suggested that mast cells expressing high levels of FCƐRI are key for the efficacy of anti-

tumor IgE therapeutics, being able to improve the retention of anti-IgE at tumor sites (22). 

These findings may represent an opportunity for development of alternative therapeutic 

strategies to benefit patients with lung carcinoids and who are not eligible to surgery. 

 Platelet-derived growth factor (PDGF) signalling is known to control several cellular 

processes such as differentiation, migration, proliferation, and survival, acting by binding to 

its tyrosine kinase receptor (23). Recently, computational methods were applied to investigate 

the expression of PDGF family members PDGFA, PDGFB, PDGFC and PDGFD and the 

receptors PDGFRA and PDGFRB in 7,616 samples from 16 different cancer types using 

public data retrieved from The Cancer Genome Atlas and the Human Protein Atlas (24). Their 

study showed that solid tumors showed gene expression alterations in PDGF/PDGFR 

members and a potential role for PDGF signalling mechanisms were suggested as associated 

with the tumor microenvironment. These data indicate a crosstalk between tumor cells and the 

microenvironment mediated by PDGF alterations.  

Interestingly, we identified striking differences in the number and type of miRNA 

alterations in atypical vs. typical carcinoids, with the atypical histology having a much higher 
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number of over-expressed miRNAs. Deregulated miRNAs in atypical carcinoids were found 

to mainly target genes involved in immune system regulation and neuronal pathways, among 

other mechanisms of transcriptional control. 

Considering that the immune system can contribute to either prevent or promote tumor 

progression, it is important to understand the interaction between immune and cancer cells 

within the tumor microenviroment (25,26), as well as the regulatory mechanisms that may 

affect these interactions, such as miRNA deregulation. Indeed miRNAs expressed by cancer 

cells have been described to modulate immune system function and immune escape 

associated with the tumorigenesis process (27).  

 Dendritic cells are important in innate immune system activation, since they act as 

antigen-presenting cells, however this function may be blocked during tumor cell growth. 

Dendritic cells activated by tumors showed a deficiency in several pathways such as MHC 

class II family, chemokines, cytokines, NF-κB and STAT3 signalling (28). 

 Lung cancer cells are able to produce several immune suppressive molecules and 

inhibitory receptors, regulating negatively the immune system, especially for tumor-specific T 

lymphocytes (29,30). These characteristics support tumor cell proliferation and cancer 

progression (29). 

 The nerve growth factor (NGF) is a type of neurotrophin which binds in receptors of 

tyrosine kinase (TRKA, TRKB and TRKC). TRKA is specifically activated by NGF. The 

expression of NGF was reported in typical and atypical carcinoids, however, their specific 

role has not been elucidated. It has been suggested that NGF signalling promotes cancer cell 

growth and survival through expression of TRK receptors (31). 
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 The binding between NGF and TRK activates a series of cellular pathways related to 

proliferation, differentiation, survival and apoptosis, via RAS/ERK, PI-3 kinase and AKT 

(32). This signalling also activates the angiogenesis in epithelial ovarian cancer (33). 

Distinct miRNA subsets were associated with poor survival of patients with lung 

adenocarcinoma. The importance of this finding relates to the ability of lung carcinoids to 

form lymph node or distant metastasis, directly impacting patient prognosis (34). Patients 

with typical and atypical lung carcinoids may experience locally recurrent disease, and 

metastasis has been observed in up to 20% and 40% of patients, respectively (35). 

 Typical and atypical carcinoids of the lung are rare tumors and there is little 

information about their alterations and molecular characteristics, as well the role of miRNAs 

in the tumorigenesis process. We identified two different subsets of significantly deregulated 

miRNAs in typical and atypical carcinoids, which modulate the expression of target genes in 

different pathways. These findings show that typical and atypical lung carcinoids have 

different altered miRNAs. These data contribute to biomarker identification with diagnostic 

applications. More importantly, our data are novel since we showed that miRNAs regulate 

distinct tumorigenesis pathways in the different tumor histologies. Innate and adaptive 

immune response pathways are attractive for the development of novel therapeutics for 

patients. Therefore, our study contributes to the current literature regarding the molecular 

classification of these tumors, and may impact clinical management of patients with lung 

carcinoid tumors. 
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Figure 

 

Figure 1. Kaplan-Meier survival analysis of two distinct miRNA subsets identified in typical 

(A) and atypical (B) lung carcinoids (left panels). These miRNA subsets were correlated with 

poor survival of patients with lung adenocarcinoma (TCGA dataset). miRNA expression 

levels for low and high risk group patients are shown in the right panels, for typical and 

atypical tumors, respectively. 
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Tables 

 

Table 1. Significantly deregulated miRNAs in typical carcinoid tumors compared to 

normal lung tissues. 

miRNA ID Fold Change p-value FDR 

hsa-miR-1261 -3 5,46E-05 0,0259 

hsa-miR-27a-5p -7,41 0,0001 0,0398 

hsa-miR-3064-5p -7,04 0,0001 0,0455 

hsa-miR-3148 -4,44 9,04E-05 0,0398 

hsa-miR-4481 -4,18 1,00E-05 0,0146 

hsa-miR-595 -4,19 3,82E-05 0,0259 

hsa-miR-7152-3p -3,58 0,0001 0,0398 

hsa-miR-92a-1-5p -2,94 4,72E-05 0,0259 

hsa-miR-375 43,51 5,41E-05 0,0259 

 

 

Table 2. Significantly deregulated miRNAs in atypical carcinoid tumors compared to 

normal lung tissues. 

miRNA ID Fold Change p-value FDR 

hsa-miR-1287-5p -2,05 1,02E-17 1,55E-15 

hsa-miR-452-5p -2,3 8,69E-18 1,55E-15 

hsa-mir-520g -2,5 7,85E-18 1,55E-15 

hsa-mir-520h -2,5 7,85E-18 1,55E-15 

hsa-mir-941-1 -2,11 9,70E-18 1,55E-15 

hsa-mir-941-2 -2,11 9,70E-18 1,55E-15 

hsa-mir-941-3 -2,11 9,70E-18 1,55E-15 

hsa-mir-941-4 -2,11 9,70E-18 1,55E-15 

hsa-miR-1237-5p 2,57 0,0009 0,0074 

hsa-miR-1323 2,51 3,58E-17 1,55E-15 

hsa-miR-1909-3p 2,06 1,94E-16 2,07E-15 

hsa-miR-330-3p 7,01 0,0037 0,0307 

hsa-miR-4433b-3p 2,5 0,0019 0,0158 

hsa-miR-4498 3,5 5,24E-17 1,55E-15 

hsa-miR-4739 2,01 0,0059 0,0483 

hsa-mir-6729 2,48 7,91E-18 1,55E-15 

hsa-miR-6787-5p 2,17 0,0056 0,0463 

hsa-miR-6803-5p 2,68 0,0013 0,0106 

hsa-miR-6813-5p 6,49 0,0015 0,0128 

hsa-miR-6815-5p 2,33 8,53E-18 1,55E-15 
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- Extração do RNA das amostras de tecido tumoral: O RNA das amostras de tumor será extraído utilizando o

RecoverAll Total Nucleic Acid Isolation - Kit (Ambion/Life Technologies), o qual é otimizado para a extração

de RNA de tecidos fixados em formalina e embebidos em parafina (FFPE). A quantidade e a qualidade do

RNA serão determinadas utilizando o equipamento NanoDrop 8000 (Thermo Scientific). A expressão dos

miRNAs significativamente (p 0,05) alterados serão validados em amostras independentes (N = 4 tumores

do tipo carcinoide). A metodologia de validação da expressão de miRNAs será a Reação em Cadeia da

Polimerase Quantitativa em Tempo Real (RT-QPCR). Os miRNAs identificados como significativamente

desregulados (Obj. 1) e validados (Obj. 2) serão utilizados para análises subsequentes de bioinformática,

para predição dos mRNAs-alvo potencialmente regulados por esses miRNAs.

- Riscos: Não há riscos envolvidos.

- Benefícios: Os resultados esperados incluem a identificação e validação de miRNAs em tumores

carcinoides do pulmão, os quais constituem um grupo de tumores raros. Além disso, a identificação de

mRNAs-alvo dos miRNAs identificados, os quais podem estar associados a vias moleculares importantes no

desenvolvimento e progressão do tumor carcinoide. Direções futuras incluem a elaboração de estudos

funcionais para a determinação do papel de vias moleculares reguladas por miRNAs no desenvolvimento e

progressão desses tumores. Estudos como este podem contribuir para o desenvolvimento de novas

estratégias diagnósticas e terapêuticas para pacientes com essas neoplasias.

Trata-se de projeto de mestrado da autora Ana Laura Seneda com a orientação da Profa Dra. Patrícia Pintor

dos Reis, do Departamento de Cirurgia e Ortopedia da FMB e colaboração dos Professores Júlio De Faveri,

Antônio José Maria Castâneo, Erica Nishida Hasimoto, Daniele Cristina Castâneo, cujo objetivo é determinar

o perfil global de expressão de miRNAs em tumores carcinoides do pulmão.  Considerando que existe uma

escassez de dados sobre alterações genéticas e epigenéticas associadas ao desenvolvimento e progressão

de tumores carcinoides do pulmão, e que a identificação de vias moleculares condutoras da tumorigênese é

de grande importância para determinar terapêuticas mais precisas para pacientes com câncer, estudos

como este são fundamentais.

O projeto está escrito de forma clara e apresenta todos os dados de identificação dos autores e

Comentários e Considerações sobre a Pesquisa:
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serviços a que estão vinculados, a descrição dos objetivos do estudo, bem como, as referências

bibliográficas sustentam as justificativas e importância do tema abordado. É um projeto com condições de

realização.

Os autores solicitam dispensa do TCLE devido ao fato de que todos os pacientes (6) a serem incluídos na

pesquisa apresentam perda de seguimento, ou foram a óbito, não estando em acompanhamento no

Hospital de Clínicas de Botucatu.

Considerações sobre os Termos de apresentação obrigatória:

O projeto é claro bem escrito, o cronograma está adequado, a justificativa para dispensa do TCLE é

pertinente, portanto o projeto  apresenta todas as condições e autorizações necessárias para sua

realização.

Conclusões ou Pendências e Lista de Inadequações:

Projeto de Pesquisa APROVADO, deliberado em reunião ORDINÁRIA do CEP de 06/02/2017, sem

necessidade de envio à CONEP.

O CEP, no entanto, solicita aos pesquisadores que após a execução do projeto em questão, seja enviado

para análise o respectivo “Relatório Final de Atividades”, o qual deverá ser enviado via Plataforma Brasil na

forma de “NOTIFICAÇÃO”.

OBS: LEMBRAMOS QUE A PRESENTE PESQUISA SOMENTE PODERÁ SER INICIADA APÓS DIA

06/02/2017 – DATA DA APROVAÇÃO DO CEP.

Considerações Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situação

Informações Básicas
do Projeto

PB_INFORMAÇÕES_BÁSICAS_DO_P
ROJETO_792083.pdf

21/12/2016
11:30:52

Aceito

Folha de Rosto Plat_Brasil_Ana_Laura_Seneda.pdf 21/12/2016
11:29:05

ANA LAURA
SENEDA

Aceito

Outros Esclarecimento_Coorientador.pdf 20/12/2016
17:40:06

ANA LAURA
SENEDA

Aceito

Declaração de
Instituição e
Infraestrutura

2612_Ana_Laura_Seneda.pdf 14/10/2016
13:52:19

ANA LAURA
SENEDA

Aceito
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BOTUCATU, 06 de Fevereiro de 2017

SILVANA ANDREA MOLINA LIMA
(Coordenador)

Assinado por:

Projeto Detalhado /
Brochura
Investigador

PROJETO_MESTRADO_AnaLaura_Set
embro_14_2016.docx

14/10/2016
13:51:28

ANA LAURA
SENEDA

Aceito

Outros CEP_AnaLaura.pdf 12/09/2016
12:22:41

ANA LAURA
SENEDA

Aceito

TCLE / Termos de
Assentimento /
Justificativa de
Ausência

Dispensa_TCLE_assinada_AnaLaura.pd
f

12/09/2016
11:56:18

ANA LAURA
SENEDA

Aceito

Situação do Parecer:
Aprovado

Necessita Apreciação da CONEP:
Não
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