¢ https://doi.org/10.56238/sevened2024.007-030

Interleukin-6 (IL-6) is a multifunctional cytokine with properties pleiotropic derived from a polymorphic
gene. The IL6 gene is located on the short arm of human chromosome 7 and containing four exons and four
introns. The cytokine IL-6 is an important signaling agent between cells as the inflammatory reaction
develops. Since cytokines are essential for life, studies show that the overproduction of IL-6 is often involved
in various pathologies. It is well established that the frequency of different alleles of the cytokine genes varies
between different populations of different species of mammals. Thus, this work aims to identify the
relationship of synteny in relation to the preservation of order and the interaction between group of genes in
the same chromosomal region based on the orthologs of the human IL6 gene in other five species of eutherian
mammals and to investigate the selective signature of the IL6 gene in order to find conserved patterns in the
genomes of mammals analyzed to observe their evolutionary history. We analyzed 40 genes adjacent to the
IL6 gene in the genomes of Homo sapiens, Pan troglodytes, Gorilla gorilla, Pongo abelii, Camelus ferus and
Equus asinus. The genetic sequences were obtained using the BLAST tool and aligned using the MEGA 11
program. We reviewed the literature looking for associations between the IL6 gene and its neighbors reported
in previous studies. Finally, we analyzed the non-synonymous to synonymous substitution rates (dN/dS)
between genomes in order to determine the selective signature of the IL6 gene. Among the 40 neighboring
genes analyzed, only 11 were found to be in synteny, being present in all genomes. The conservation of these
genes in different mammals suggests that IL6 and genes close to it may have evolved from a common ancestor
and have been kept grouped together due to selective pressures during evolution. Furthermore, we found the
NUP42 gene, which due to its moleculares properties, can influence the expression of the IL6 gene. The
dN/dS ratio revealed a negative signature in the IL6 gene, which indicates that natural selection acts to
maintain its conserved sequence, rejecting possible amino acid changes. Therefore, we conclude that our
findings indicate that the IL6 gene remains conserved in the human genome during evolution. It is also noted
that this gene may be influenced by its neighbors. With emphasis on the presence of the NUP42 gene, located

! Graduating in Biological Sciences

Institution: Federal Rural University of Pernambuco

Address: Rua Dom Manuel de Medeiros, Dois Irméos, Recife — PE, Brazil
E-mail: arthur.ffreitas@ufrpe.br

2 PhD in Genetics from the Federal University of Pernambuco

Institution: Federal Rural University of Pernambuco

Address: Rua Dom Manuel de Medeiros, Dois Irmaos, Recife — PE, Brazil
E-mail: nara.safreitas@ufrpe.br

3 Dr. in Biological Sciences from the Federal University of Pernambuco
Institution: University of Pernambuco

Address: Rua Arnobio Marques, Santo Amaro, Recife — PE, Brazil
E-mail: irpe.diretoria@gmail.com

4 Post-graduation in Internal Medicine from the University of Pernambuco
Institution: University of Pernambuco

Address: Rua Arnobio Marques, Santo Amaro, Recife — PE, Brazil
E-mail: eliezer.rushansky@upe.pe.gov.br

5 Dr. in Biological Sciences from the Federal University of Pernambuco
Institution: Federal Rural University of Pernambuco

Address: Rua Dom Manuel de Medeiros, Dois Irmaos, Recife — PE, Brazil
E-mail: maria.dmaia@ufrpe.br

Multidisciplinary Perspectives: Integrating Knowledge
Evolutionary patterns of interleukin-6 (1l-6) and its impact on human health



close to IL6, which can act to regulate the expression of this cytokine in the body. Therefore, we suggest that
future investigations include the evaluation of protein-DNA and protein-protein interactions in analyzes with
the IL6 gene.

Selective signature, Synteny, Evolutionary medicine, dN/dS, Evolutionary history.
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The body's defense mechanisms depend both on conserved hereditary factors and on
variations that pass through the sieve of natural selection and genetic drift (Konopinski, Fijarczyk &
Biedrzycka, 2022). When combined with different environments, pathogens exert a strong selective
pressure on their hosts. The fight between the hosts' immune system and pathogens, in a
coevolutionary context, allows the fixation of efficient alleles within the population, due to positive
selection (Kosiol et al., 2008; Nielsen et al., 2005). Conserved genomic patterns can be biomarkers
of physiological processes necessary for the defense system of various organisms. Thus, analyzing
genes related to the immune system are promising options to understand the genomic basis of the
evolutionary processes of numerous human pathologies.

Evolutionary medicine brings with it approaches to population genetics and investigates
health on past, current, and future microevolutionary changes in human structure, function, and
pathologies (Riihli & Henneberg, 2013). In the past, medical genetics and evolutionary biology have
been misused in eugenic theories (Briine, 2007). Therefore, understanding the diversity of humans
and other living beings, as well as the changes that have occurred in historical times, and still occur,
helps us to combat structural prejudices and explain medical conditions. This alert reveals to
clinicians how their current practices can influence future intergenerational care, given that
nucleotide sequences show few non-synonymous variations when compared between different
species.

One way to broaden the horizons in the search for patterns when studying the evolution of a
gene is the analysis of the degree of synteny, which refers to the collinearity of specific sequences of
certain genes in distinct species, that is, a block of genes conserved in an orderly manner within two
sets of chromosomes compared to each other (Sinha, 2007). This method helps in the perception of
the patterns conserved between species, being one of the most reliable methods to establish the
ontology between genomic regions in different species (Amores, 1998). The collinear orders of a
group of genes can present interactions that are decisive to exert their physicochemical attributions in
an organism, and are then essentially preserved in heterogeneous groups of individuals belonging to
distinct species, that is, the high degree of conservation of synteny can be strongly linked to
important functional relationships between neighboring genes (Amores, 1998). The analysis of
shared synteny patterns can be used as an important tool to infer phylogenetic relationships between
various species.

All genomes are subject to the pressure of natural selection, which can be detected by their
molecular signature, w = dN/dS, i.e., the ratio of non-synonymous to synonymous substitutions in a
given nucleotide sequence (Nielsen, 2005; Gillespie, 1991). Natural selection is one of the

fundamental principles that drive the evolution of organisms. This theory is based on the premise that
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heritable traits that increase the fitness of individuals are more likely to become more prevalent in
populations over time, while traits that reduce fitness tend to be eliminated (Fisher, 1930). Natural
selection can act in a directional way (positive or negative). Positive selection is responsible for
driving an increase in the frequency of adaptive mutations in the population, while negative
selection, also known as purifying, acts in the opposite direction, reducing the frequency or
eliminating deleterious mutations from populations (Hartl & Clark, 1997). It can also act as a
balancer, being responsible for providing the maintenance of genetic diversity in populations.

In this study, we chose to analyze the IL6 gene, located on chromosome 7 in humans (region
Tp21-p15), which is responsible for the synthesis of interleukin-6 (IL-6), a pleiotropic cytokine that
plays an important role in immunomodulation (Dinarello, 2007; Freitas et al., 2022). IL-6 triggers
the inflammatory process and contributes significantly to host defense in response to infectious
agents (Rivers-Auty et al., 2018; McCrae et al., 2023). On the other hand, the dysregulated
production of this cytokine can contribute to deleterious pathological effects in several autoimmune
and inflammatory diseases and in several types of cancer (Freitas et al., 2022). The synthesis of
interleukin-6 is regulated by a complex network of cell signaling pathways and transcription factors.
The gene expression of interleukin-6 can be influenced by factors such as the activation of
inflammatory signaling pathways, cellular stress, and hormones (Akira & Takeda, 2004). However,
there is still a large gap in knowledge about the regulatory mechanisms and other factors that can
influence the synthesis of interleukin-6.

Overall, the evolutionary history and origins of interleukins are not yet fully understood by
science (Kubick ef al., 2021). Some studies indicate that cytokines were an evolutionary innovation
and arose in jawed vertebrates (Rivers-Auty et al., 2018). Therefore, studies that seek to understand
the evolution of ILs become essential for the understanding of several pathologies associated with
cytokines (Kubick et al., 2021).

Thus, this study sought to identify the synteny relationship related to the preservation of order
between genes grouped in the same chromosomal region based on the orthologs of human IL6 in five
different species of eutherian mammals. We also explored the selective signature of the IL6 gene in
order to find conserved patterns in this set of genomes and highlight the importance of research in
evolutionary medicine. By analyzing the synteny and pressure of natural selection, we aim to probe

the evolutionary history of interleukins-6 and its relevance to diverse medical conditions.

Five species of eutherian mammals with genomic contexts available in the databases were

selected: Pan troglodytes, Gorilla gorilla, Pongo abelii, Camelus ferus and Equus asinus. The
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nucleotide sequences homologous to the human IL6 gene in the other species were acquired using
the BLAST (Basic Alignment Search Tool) of the NCBI (National Center for Biotechnology
Information). The Mega 11 computational software was used to perform the alignment and editing of
the nucleotides, allowing the analysis of the substitutions present in the comparisons between the

various species of mammals.

Genomic data were acquired using the NCBI for localization and analysis of the influence of
40 genes adjacent to the IL6 gene. A detailed observation of the 20 genes located before and after the
position of IL6 in chromosome 1 of Equus asinus and in chromosome 7 of the other species was
performed. Exclusively the genes present in human chromosome 7 and in the other species were
selected, disregarding other genes in synteny in the different species, except in Homo
sapiens.Databases of scientific articles (PubMed, SciELO and Google Scholar) were used to
understand the functions and effects of each gene in the organism. The analysis sought to associate
the functions of each neighboring gene with the IL6 gene, aiming to identify possible relationships

that highlight the importance of conserving this gene block in the organisms analyzed.

The dN/dS ratio was calculated using the MEGA 11 software, using the Kumar method, as
outlined by Nei & Kumar (2000). The objective of this study was to evaluate the relationship
between non-synonymous (dN) and synonymous (dS) rates of change in an evolutionary context,
seeking to understand the processes of selection and adaptation in orthologous sequences to the IL6

gene in Homo sapiens, Pan troglodytes, Pongo abelii, Camelus ferus and Equus asinus.

By analyzing the data obtained, it was identified the presence of 11 genes in synteny with IL6
in the species Homo sapiens, Pan troglodytes, Gorilla gorilla, Pongo abelii, Camelus ferus and
Equus asinus. Figure 1 shows the representation of the chromosomes of each species and the position
of the gene cluster present in all the organisms evaluated, consisting of the following genes:
DNAHI11, CDCA7L, RAPGEFS5, TOMM7, HYCCI1, KLHL7, NUP42, GPNMB, MALSUI1,
IGF2BP3, except for the STEAPIB gene, which, in the scale of genes observed, was located only in
H. sapiens, P. troglodytes and G. gorilla. The distances in base pairs between the highlighted genes
are important for understanding the speciation effects that contributed to the evolutionary divergence

in this group of organisms.
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In the species H. sapiens, P. troglodytes and G. gorilla, the presence of a group composed of
four genes (DNAH11, CDCA7L, RAPGEFS and STEAP1B) located before the IL6 gene can be
observed. While the second gene block composed of TOMM7, HYCC1, KLHL7, NUP42, GPNMB,
MALSUI, IGF2BP3, are clustered in a position after the IL6 gene. This chromosomal structure
observed in the aforementioned species is not repeated in the other species analyzed. P. abelii, C.
ferus and E. asinus present these two gene blocks in an inverted way, indicating that there was a
chromosomal inversion in these organisms (Figure 1). The conservation of genes in synteny between
humans and other mammals suggests that the IL6 gene and other genes close to it may have evolved
from a common ancestor and have been kept grouped together due to the same selective pressures

during evolution.

Figure 1. A set of genes neighboring IL6 that are in synteny among the six eutherian mammalian species studied.
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Table 1. Correlation of the pathophysiological effects of IL6-close genes with diseases in which the cytokine IL-6 can
also have a negative influence.

Gene Associated Issues Reference IL-6 Reference
Significant increases in the inflammatory
DNAHI1 Congenital heart disease in Xia et al. process in patients with congenital heart Tavares et
humans (2021) disease. al. (2022)
IL-6 is associated with tumorigenesis and .
. Shen et al. . . . . Liu et al.
CDCAT7TL Human glioma predicts poor prognosis in patients with
(2019) . (2021)
glioma.
Officers & . .
RAPGEFS Aplastic anemia Mandal Serum IL-6 leve.IS are assocllated w1.th Bhargawa et
(2019) increased severity in aplastic anemia al. (2022)
Gomes et al Elevated levels of interleukin-6 are Natani
STEAPI1B Prostate Cancer " | commonly reported in patients with prostate
(2014) (2021)
cancer
Deficiency of gene product
TOMM?7 expression may be linked to an Lietal. Responsible for causing imbalance in Breuer et al.
impairment in cerebral (2022) angiogenesis (2021)
angiogenesis
Brogrgsswe neurologlgal High levels of IL-6 are linked to the process | Cabral ef al.
impairment and myelin Traverso et .
HYCCI1 . . of neurodegeneration of the central nervous (2011)
deficiency in the central and al. (2013)
. system
peripheral nervous system.
ocess that ey be he main cause of comeal | Tke Smal
KLHL7 Retinite pigmentosa Oh (2019) P Ay . o meat.
changes associated with retinitis pigmentosa. (2019)
No problems associated with
NUP42 this gene have been found ) ) )
. . Show et al. The cytokine IL-6 may be linked to Dhapola et
GPNMB Neuroinflammation (2021) neuroinflammation al. (2021)
No problems associated with
MALSUI this gene have been found i i i
. Huang et al. .
IGF2BP3 Oncogenic Effect on Human (2020) Interleukin 6 may be related to the Goulet et al.

Bladder Cancer Progression

progression of human bladder cancer.

(2019)

Source: Survey data.

Most of these genes have high medical importance associated with immunopathologies,

neurodegenerative diseases, and multiple types of cancer (Table 1). The data compiled on these genes

indicate that it is possible to relate them to IL6 in different pathogen-phenotypes. Among the genes,

the NUP42 gene stands out, which, although there are no relations with IL6 yet described in the

literature, it is possible that this is a molecular regulator capable of modulating IL-6 expression, due

to the presence of a conserved zinc ring domain C3H1 in its structure. This domain may confer on

the protein the ability to interact with the untranslated 3' region of IL6 gene mRNAs and allow

modulation of interleukin-6 expression (Stenzel et al., 2018) (Figure 2). NUP42 regulates the gene

quantity expressed, attributing functional differences in immunological characteristics in the

population. This means that the phenotypic expression of IL6 may depend on the influence of the

epigenetic mechanism exerted on the host immune system.
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The identification of genes such as NUP42, which can modulate IL-6 expression, is a
significant breakthrough in the field of medical research, as this cytokine is an important molecule
for the inflammatory response, being involved in a variety of pathological conditions. In functional
terms, the presence of regulatory genes in close proximity to the IL-6 gene can facilitate the
coordination of gene expression, allowing them to be activated or deactivated in a coordinated
manner in response to specific signals from the environment (King et al., 2007). Understanding the
regulatory mechanisms of IL-6 expression is critical for the development of new immunotherapies
and effective treatments for several diseases. In addition, the identification of genes that can
modulate IL-6 expression may provide new insights for the development of highly specific and
effective therapeutic drugs, which can be used in clinical practice. Moreover, the fact that this gene is
observed in other species suggests a possible evolutionary conservation of this regulatory element in
conjunction with IL6. Several factors can influence the conservation of the gene cluster, such as
natural selection itself, which can act to maintain the coordinated expression of genes involved in

specific cellular processes, ensuring their structure and function conserved over evolutionary time.

Figure 2. Schematic representation of the binding of the conserved zinc ring domain present in the gene product of the
NUP42 gene in the coding region of the mRNA of the human IL6 gene with its promoter. The presence of this domain
can modulate human IL-6 expression, influencing gene activity and affecting its expression at the mRNA and protein
level. The region marked in green shows the location of the zinc ring in the amino acid sequence of the NUP42 gene.

TRANSCRIPTION FACTOR

JUTR

Source: Prepared by the author, 2024.

The IL6 gene arose through genetic duplications followed by base alterations, favoring an
increase in non-synonymous substitutions compared to synonymous ones, this means that the
evolution of this gene was marked by a positive signature, as pointed out by Kubick et al. (2021).

Table 2 shows the dN/dS ratio values obtained using Kumar's method, which uses the Kimura 2-
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parameter model to compare non-synonymous (dN) and synonymous (dS) substitution rates between
orthologous sequences of the gene (Nei and Kumar, 2000). H . sapiens/P. troglodytes (0.00432), H.
sapiens/G. gorilla (0.0132), H. sapiens/P. abelii (0), H. sapiens/C. ferus (0.251), H. sapiens/E.
asinus (0.191), P. troglodytes/G. gorilla (0.00884), P. troglodytes/P. abelii (0.00432), P.
troglodytes/C. ferus (0.244), P. troglodytes/E. asinus (0.185), G. gorilla/P. abelii (0.132), G.
gorilla/C. ferus (0.249), G. gorilla/E. asinus (0), P. abelii/C. ferus (0.251), P. abelii/E. asinus
(0.191) and C. ferus/E. asinus (0.181).

It is assumed that the evolutionary process of immune-related genes, such as interleukins, is
initially driven by positive selection (McTaggart ef al., 2012; Schlenke & Begun, 2003). However,
our results suggest that the IL6 gene is under negative selection pressure in all species, considering
that our results showed values lower than one (>1) (Table 2). Thus, it can be seen that the process of
diversification of interleukins is quite old and the interleukin-6 gene remains conserved among the
different species analyzed, which emphasizes the evolutionary importance of the gene. However, the
reconstruction of ancestor sequences is not always accurate enough to infer molecular phylogenetic
relationships between species (Schierholt ez al., 2008). Therefore, it is necessary to use other tests in
order to confirm our results and ensure greater precision about the evolutionary history of the IL6
gene.

In non-pathological conditions, cytokines of the IL-6 family are related to the development
and functions of the central nervous system in response to a variety of stimuli, such as infections,
inflammation, and stress, with effects on various cells of the body (Taga and Fukuda, 2005). Thus,
the highly preserved functionality among species indicates a strong tendency for the conservation of
function during evolution and, thus, its adaptive value tends to be preserved, which makes it a good
indicator of evolutionary health. Although the IL6 gene is conserved in the human genome, several
genetic variants have been identified and identified as causing or potentiating many physiological
and pathological processes, especially in autoimmune diseases (Hirano, 2010; Freitas ef al., 2022;

Castanhola et al., 2022).

Table 2. Results of the rate of non-synonymous substitutions for synonyms (dN/dS).

H. sapiens P, troglodytes G. gorilla P abelii C. ferus E. asinus
H. sapiens 0.00432 0.0132 0 0.251 0.191
P, troglodytes 0.00884 0.00432 0.244 0.185
G. gorilla 0.132 0.249 0.000
P. abelii 0.251 0.191
C. ferus 0.181
E. asinus

Source: Survey data.
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Our findings indicate that the IL6 gene remains conserved in the human genome, as
evidenced by the negative selection pressure exerted on the gene and by the degree of the gene block
in synteny among the organisms analyzed. In addition, it is perceived that the human IL6 gene has a
significant influence on neighboring genes, and can even act together. The effort of researchers to
analyze and understand the effects of polymorphisms in the IL6 gene during the regulatory processes
of inflammation in the development of diseases is notorious, however, we suggest that future
investigations include the evaluation of the interactomes of this gene, with emphasis on the NUP42

gene, considered a molecular switch with high relevance to be explored.
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