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Abstract

The genes of the Major Histocompatibility Complex (MHC) encode many
molecules involved in antigen presentation (classical class | antigens HLA-A, B and C
I HLA-DR, DQ) and in regulating the immune response (non-classical antigens class |
HLA-E, F and G) having an important role in the antitumor response. Tumor cells
have developed various evasion mechanisms against the immune response,
including decreased expression of classical histocompatibility molecules and thereby
escape the cytotoxic activity of cytotoxic T cells, and also increasing the expression
of non-classical histocompatibility molecules escaping the action of Natural Killer [1]
cells. Of these, the most well studied molecule in tumors is HLA-G, which has been
evaluated in over a hundred types of tumors, inhibiting the functions of various cells
of the immune system [2]. However, the mechanisms associated with modulation of
histocompatibility molecules on cancer remain unknown. Classical and nonclassical
histocompatibility genes exhibit shared and distinct gene regions. In terms of
variability, the coding region of non- classical genes have limited HLA polymorphism
in comparison to the classical class | genes. Single nucleotide variations (SNVs) along
the coding region of non-classical genes (especially in the regions of exons 2, 3 and
4) accounts for approximately 50 alleles, whereas thousands of alleles are observed
for classical genes (IMGT - International Immunogenetics Information System, July
2014, http://www.ebi.ac.uk/ipd/imgt/hla/stats.html). In contrast, the control regions
of classical genes have not been well studied, exhibiting little polymorphism in
relation to the control regions of non-classical genes The most studied non-classical
gene is HLA-G, for which many polymorphic sites have been described, located in
regions that are close or coincide with regulatory elements of the gene. At the
promoter region are described at least 29 SNPs [3-6] and the 3 'untranslated region
(3'UTR), at least eight sites of variability are reported [7-9]. This genetic variability
has importance in gene expression by modifying the affinity of transcription factors
to the promoter region and by modulating the efficiency of binding of microRNAs at
the 3'UTR of the primary transcript. Using in silico studies, we described the
differential action of several microRNAs at the HLA-G 3'UTR [10] and, recently, we
described several gene segments that may be targeted by the hypoxic factor 1 (HF-
1), which is reported to be induced in several tumors [11].

Besides histocompatibility genes, other genes that control the immune
response, including PD-1, CTLA-4, galectin-3 and Foxp3 are also described that have
an important role on cancer development or cancer control.

Considering that: i) our research group has pioneered the study of the genetic
variability of genes in several non-classical world populations and diseases, ii) there
are only a few isolated SNVs in the HLA genes in association studies with tumors, as
well as other regulatory genes of the immune response, iii) the simultaneous



analysis of regulatory elements in gene expression associated with the structural
analysis of gene control regions can define differential patterns of gene modulation
in tumors, this study has the general objective to study the regulation process
histocompatibility genes and other modulators of the immune response in several
tumors.

Goals

Perform the complete typing (promoter region, coding and 3’UTR) of classical
histocompatibility (HLA-A, B and C) and non-classical (E, F, G) genes, and analyze the
expression of immunoregulatory molecules (HLA-G, PD-1, CTLA-4) in several types of
tumors, including sarcomas, lymphomas or stage IV melanoma before and after
treatment (chemotherapy, immunotherapy and hyperthermia).

Specific Goals

1- Characterize the structure (promoter region, coding and 3’UTR) of
immunoregulatory HLA-A, B,CE, F,G, PD-1, CTLA-4, Foxp3, Galectin 3 genes in
patients with sarcomas, lymphomas or stage IV melanoma using next-generation
sequencing;

2 Based on the differentially expressed transcripts, described in sub-project 1.1
("Analysis of the genetic heterogeneity of the tumor cell"), perform in vitro and in
silico studies to assess the differential action of transcription factors and microRNAs,
targeting the gene control regions; i. e., promoter and 3'UTR, respectively;

3- Analyze the differential gene expression and the expression of immunoregulatory
molecules (HLA-E, F, G, PD-1, Foxp3, and CTLA-4) on tumor cell lines sarcomas,
lymphomas or stage IV melanoma undergoing hyperthermia;

4- Assess the expression of classical histocompatibility molecules (HLA-A, B and C)
and non-classical (E, F, G) on tumor stem cells and in tumor niches;

5- Evaluate the differential gene expression and antigenic expression of
immunoregulatory molecules (HLA-G, PD-1, CTLA-4) in tumor biopsies from patients
with sarcoma, melanoma or lymphoma grade 1V, before and after treatment;

6 Assess the concentration of soluble HLA-G (sHLA-G) molecule in plasma of patients
with sarcoma, melanoma or lymphoma grade IV, before and after treatment.
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Subprojeto 4: Estudo a expressao do HLA-G e outras moléculas imunorregulatérias
em tumores selecionados

Pesquisador Responsavel: Eduardo Antonio Donadi

Introdugao

Os genes do Complexo Principal de Histocompatibilidade (MHC) codificam
diversas moléculas envolvidas na apresentagdo de antigenos (antigenos classicos de
classe | HLA-A, B e C e Il HLA-DR, DQ) e na regulacdo da resposta imune (antigenos
nao classicos de classe | HLA-E, F e G), tendo papel importante na resposta
antitumoral. As células tumorais desenvolvem varios mecanismos de evasdo da
resposta imunitaria, incluindo diminui¢ao da expressao das moléculas classicas de
histocompatibilidade e, com isso, escapam da agdo citotoxica de das células T
citotoxicas e, ainda, aumentam a expressdo de moléculas ndo classicas de
histocompatibilidade, escapando da agdao das células Natural Killer [1]. Dessas, a
molécula mais bem estudada em tumores é o HLA-G, cuja expressao ja foi descrita
em mais de cem tipos de tumores, inibindo as funcdes de diversas células do sistema
imune [2]. No entanto, os mecanismos associados com a modulacdo das moléculas
de histocompatibilidade em neoplasias ainda permanecem desconhecidos. As
regidoes génicas apresentam caracteristicas compartilhadas e outras distintas nos
genes classicos e ndo classicos de histocompatibilidade. Em termos de variabilidade
genética, as regides codificadoras dos genes ndo cldssicos possuem polimorfismo
limitado em comparacdo aos genes HLA de classe | classicos. VariagcGes nucleotidicas
pontuais (SNPs), distribuidas pela regido codificadora dos genes ndo classicos
(principalmente nas regides dos éxons 2, 3 e 4), determinam apenas dezenas de
alelos, ao passo que para os genes classicos determinam milhares de alelos (IMGT —
International  Immunogenetics  Information  System, Julho de 2014,
http://www.ebi.ac.uk/ipd/imgt/hla/stats.html). Em  contraste, as regibes
controladoras dos genes classicos sdo pouco estudadas e, a mais bem estudada
entre os ndo cldssicos, é a do HLA-G. Nessas regiGes, muitos sitios polimérficos sao
descritos, localizados em regides que estdo préximas ou coincidem com elementos
regulatérios do gene. Na promotora, sdo descritos pelo menos 29 SNPs [3-6] e na
regido 3’ ndo traduzida (3'NT), pelo menos 8 sitios de variabilidade sdo relatados [7-
9]. Essa variabilidade genética tem importdncia na expressdo do gene, por um lado,
modificando a afinidade dos fatores de transcricdo a regido promotora e, por outro
lado, modulando a eficiéncia de ligagdo de microRNAs na regidao 3'NT do transcrito
primario. Em estudo in silico, descrevemos a agao diferencial de diversos microRNAS
na regiao 3’NT do gene HLA-G [10] e recentemente, descrevemos que o fator de
hipoxia 1, usualmente induzido em tumores, apresenta diversos sitios de acdo na
regiao promotora do gene HLA-G, induzindo sua expressao [11].

Além dos genes de histocompatibilidade associados com modulagdo da
resposta imune, outros genes também codificam moléculas que controlam a



resposta imune, incluindo as que se expressam em superficies celulares (PD-1, CTLA-
4, galectina-3) e intracelulares (Foxp3).

Considerando que, i) 0 nosso grupo de pesquisa tem sido pioneiro no estudo
da variabilidade genética de genes ndo classicos em diversas populacdes mundiais e
em doencas, ii) existem apenas estudos isolados de alguns SNPs nos genes HLA em
associagdo com tumores, assim como em outros genes reguladores da resposta
imune, iii) a analise simultanea dos elementos de regulacdo da expressdo génica
associada com a analise estrutural dessas regides de controle génico possa definir
padroes diferenciais de modulacdo génica em tumores, este estudo tem como
objetivo geral estudar o processo de regulagao de genes de histocompatibilidade e
de outros moduladores da resposta imune em tumores.

Objetivo:

Realizar a tipificacdo do gene completo (regiao promotora, codificadora e
3’ ndo- traduzida) de moléculas de histocompatibilidade classicas (HLA- A, B e C) e
ndo-classicas (E, F e G), e andlise da expressao de moléculas imunorreguladoras
(HLA-G, PD-1, CTLA-4) em sarcomas, melanoma grau IV ou linfomas, antes e ap6s
tratamento quimioterapico associado a hipertermia e imunoterapia.

Metas

1. Realizar a tipificagdo dos genes (regiGio promotora, codificadora e 3" ndo-
traduzida) que codificam as moléculas de histocompatibilidade (HLA-A,B e C e as
ndo-cldssicas HLA-E, F e G) e de outras moléculas de regulacdo da resposta imune
(PD-1, CTLA-4, galectina 3 e Foxp3) em pacientes com sarcomas, melanoma grau
IV ou linfomas, usando sequenciamento de nova geragdo;

2. Com base nos transcritos diferencialmente expressos, descritos no subprojeto 1.1
(“Andlise da heterogeneidade genética das células tumorais”), realizar estudos in
silico e in vitro para avaliar a ag¢éo diferencial de fatores de transcri¢cdo e
microRNAs nas regides controladoras do gene, promotora e 3’NT,
respectivamente;

3. Analisar a expressGo génica diferencial e a expressdo de moléculas
imunorreguladoras (HLA-E, F, -G, PD-1, CTLA-4 e Foxp3) em linhagens celulares
tumorais sarcomas, melanoma grau IV ou linfomas, submetidas a hipertermia;

4. Avaliar a expressdo de moléculas de histocompatibilidade cldssicas (HLA-A, B e C)
e ndo-cldssicas (E, F e G) em células-tronco tumorais e em seus nichos tumorais;

5. Avaliar a expressdo génica diferencial e a expressdo antigénica de moléculas
imunorreguladoras (HLA-G, PD-1, CTLA-4) em biopsias tumorais de pacientes com
sarcoma, melanoma grau IV ou linfomas, antes e apds tratamento;

6. Avaliar a concentracdo da molécula HLA-G soluvel (sHLA-G) no plasma de
pacientes com sarcoma, melanoma grau IV ou linfomas, antes e apds tratamento.
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