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RESUMO

A infeccdo por rinovirus é uma das causas mais frequentes da constipacdo. Os mais
afetados sdo criancas, idosos e portadores de doenca respiratoria cronica, que podem
incorrer em doencas mais graves e complicagdes. Os rinovirus pertencem a familia
Picornaviridae sendo assim pequenos virus de RNA de cadeia positiva com uma capside
proteica icosaédrica. Estes virus sdo transmitidos muito facilmente atacando
principalmente a mucosa nasal, mas a frequéncia e intensidade da infecdo varia muito
com os individuos e a época do ano.

No presente trabalho procuramos caracterizar a influéncia de 2 polimorfismos em genes
do sistema imunologico inato na infecdo pelo rinovirus. Para tal, 89 voluntarios
(estudantes universitarios) doaram mensalmente amostras nasais para a detecao rinovirus
por RT-gPCR. Alguns destes individuos doaram também uma amostra de sangue (n=33)
ou de epitélio bucal (n=15) para obter DNA genomico e caracterizar SNP’s dos genes
TOLLIP e IL1B (rs5743899 e rs16944 respetivamente) por PCR-RFLP.

Os resultados ndo revelaram qualquer associa¢do do polimorfismo rs16944 (IL1B) e a
presenca de rinovirus nasal. Contudo todos os individuos que nunca testaram positivo
para o rinovirus apresentaram o alelo G do polimorfismo rs5743899 (gene TOLLIP),
sugerido um possivel efeito deste alelo na eficaz eliminacdo imediata do rinovirus antes
de ocorrer infecdo viral. Contudo, o mesmo alelo apresentava também os valores mais
elevados de titulos nasais de rinovirus, sugerindo que uma vez estabelecida a infecéo estes
individuos tém maior dificuldade em a controlar. Estes resultados estdo em linha com
estudos anteriores indicando que este alelo diminui a expressédo de TOLLIP, potenciando
a sinalizacdo via TLR2, uma via particularmente importante no reconhecimento da
capside viral. Outros estudos revelaram ainda que o mesmo alelo estd associado a
diminuicdo da expressdo de genes antivirais importantes como o IFN-A1, o que pode

potenciar uma menor eficacia de eliminagdo viral assim que a infeg&o viral ocorre.

Palavras-chave: Rhinovirus, Picornaviridae, SNP, TOLLIP, IL1B, rs5743899, rs16944,
gPCR, PCR-RFLP.



ABSTRACT

Rhinovirus infection is one of the most frequent causes of the common cold. Individuals
most affected are children, elders and chronic respiratory patients who may present
complications and a more severe, even life-threatening disease. Rhinoviruses belong to
the Picornaviridae family thus being positive stranded RNA viruses with an icosahedral
proteic capsid. These viruses are easily transmitted attacking mainly the nasal mucosa,
but infection frequency varies considerably among individuals and with the season.

In the present work we characterized the influence of two polymorphisms in innate
immune system genes on rhinovirus infection. For that purpose, 89 voluntaries (university
students) donated monthly nasal swabs for rhinovirus detection by RT-qPCR.
Additionally, some individuals donated a blood sample (n=33) or buccal swab (n=15) for
DNA extraction and SNP characterization of rs5743899 (TOLLIP gene) and rs16944
(IL1B gene) by PCR-RFLP.

Results revealed no relation between rs16944 (IL1B) and rhinovirus nasal detection.
However, every single individual that did never had rhinovirus detected in their nostril
throughout the one year observation period showed the rs574388 G allele (TOLLIP gene),
suggesting a possible effect of this allele in the efficacious prompt elimination of the virus
before infection is attained. However, the same allele showed the highest viral titres,
suggesting that once the infection is established, these individuals struggle to control it.
These results are in agreement with previous studies indicating that the G allele decreases
TOLLIP expression increasing TLR2 signalling, a particularly important route for RHV
capsid detection. Other results also indicate that the same allele decreases antiviral gene
expression (particularly IFN-A1) which may potentiate a lower efficacy of viral clearance

after infection is established.

Keywords: Rhinovirus, Picornaviridae, SNP, TOLLIP, IL1B, rs5743899, rs16944,
qPCR, PCR-RFLP.
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1. INTRODUCTION

1.1. Rhinoviruses

Rhinovirus infection is one of the most frequent causes of the acute upper respiratory
infection, otherwise known as common cold. Despite being usually a mild, self-resolving
infection, complications are not rare. In fact, these viruses are also associated with more
serious diseases, such as acute otitis media (AOM) and community-acquired acute
sinusitis (ACAS) (Blomqvists, 2004). Most at risk are children, the elderly and the
immunocompromised individuals (Lu, 2014). Also, people who already suffer from
chronic respiratory diseases, such as asthma, chronic bronchitis, chronic obstructive
pulmonary disease (COPD) and cystic fibrosis are more likely to have complications
associated with rhinovirus infection (Semler, 2004).

The rhinoviruses (HRVS) belong to the Picornaviridae family, together with the human

Enteroviruses, and are genetically distinguished in three groups A, B and C (Figure 1).

Family Genus Species

—— Enterovirus A
— Enterovirus B
— Enterovirus C

— Enterovirus D
—— Enterovirus

— Rhinovirus A

— Rhinovirus B

— Rhinovirus C

Parechovirus A
|——Parechovirus —E
Parechovirus B

Hepatitis A virus

Picornaviridae

— Hepatovirus
Foot-and-mouth disease virus
[— Aphthovirus —[
Equine rhinitis A virus
Encephalomyocarditis virus
[—"Cardiovirus —E
Theilovirus

'— 24 other genera

Figure 1. Classification of the clinically most important virus of the Picornaviridae family (van der Linden,

2015)



To date, more than 100 types of serologically distinct HRVs are known (Cordey, 2008).
While leaving a type-specific permanent immunity, infection with one type of virus does
not offer protection to other types (Monto, 2002). In fact, the cross-protection between
the various serotypes is very low or absent, and this explains why young children
experience on average 5 to 10 cold episodes a year, especially during the second year of
life and in the autumn, winter and spring, right in the period when nurseries are more
frequented. The adult, on the other hand, presents on average two to four cold respiratory

infections per year, (Waris, 2008).

1.1.1. Structure

All picornaviruses (pico = very small; RNA = from the nucleic acid type) are small (the
virion has a diameter of 27-30 nm), have a spherical protein capsid containing an RNA
molecule and a molecular weight that is around the 8.25 x 10° Da (Semler, 2004). The
capsid has an icosahedral symmetry and consists of 60 protomers, each of which is
composed of 4 non-glycosylated proteins: VP1, VP2, VVP3, on the surface of the capsid,
and VP4, inside the capsid and in close contact with viral RNA (Figure 2) (Lewis-Rogers,

2009).

Figure 2. Picornaviridae virion structure (ViralZone 2008, Swiss institute of bioinformatic)



As said, it is composed of molecular RNA with a molecular weight of about 2.6x10°Da,
a single chain and a positive polarity. It has only one "open reading frame" that encodes
both structural and functional proteins (Figure 3). In the viral particle and in the initial

phases of replication it is associated with the viral protein VPg (Figure 2 and 3) (Cordey,

2008).
A | Mon-structural F;r;tains | ';';:":;
VP4 VP2 VP3 VP1 24 2B 2C Efaﬂ 3D

O - | [] 1 - polya

¥ ¢ & ¢ R 1 kb
€ x“& & ”ﬁ;ﬂ Q-"'-& —

& ¢° ]
&
&

Figure 3. Human rhinovirus genomic organization (Stobart, 2017)

1.1.2. Replication

Viruses are obligatory endocellular parasites, they must therefore find, adhere and
penetrate the host cell in which their replicative role can be played.

The attack occurs through the specific recognition between viral antireceptor and the cell
receptor. Receptor molecules are surface molecules, whose physiological functions are
subverted by viruses. They may be specific receptors such as proteins (often
glycoproteins) or less specific receptors such as carbohydrate residues (glycoproteins or
glycolipids) (Blomqvists, 2004).

In the case of HRVS, the binding occurs on the bottom of the so-called "canyons™
(depressions on the surface of the virus), which are areas with a constant sequence that
are not affected by the selective pressure of the immune system, given their difficult

accessibility for antibody binding (figure 4). The binding occurs either with the



intercellular adhesion molecule 1 (ICAM-1) (main receptor group) or a member of the

low-density lipoprotein (LDL) receptor family (Lewis-Rogers, 2009).

COOH R Antibody

% S Cellular

COOH

NH.
[CAM-1

5-fold vertex

Figure 4. Binding of cellular receptor ICAM-1 and of the antibody to the floor of the canyon. ICAM-1 has
a diameter roughly half that of an immunoglobulin G (IgG) antibody molecule (Jawetz, Melnick, &

Adelberg's Medical Microbiology)

The attachment of the virus to the cell receptor triggers conformational changes in the
capsid of the virus, eventually leading to a release of viral RNA into the cytoplasm (Figure
5-A).

In the cell cytoplasm, the viral genome is translated to provide viral proteins essential for
the replication of the genome and the production of new viral particles. The long
polyprotein precursor splits first in the intermediates P1, P2 and P3 (Figure 5-B) through
two proteinases, 2A and 3C / 3CD. P1 is then further divided to provide VPO, VP1 and
VP3 (Heweat, 2010). VPO is cleaved to VP4 and VP2 during viral assembly (Figure 5-
C). Among the other proteins synthesized are the RNA-dependent viral RNA polymerase
and the accessory proteins required for genome replication and mRNA synthesis.
Positive-stranded RNA is copied to a negative chain intermediate (Figure 5-D), an RNA
molecule with a complementary nucleotide sequence. The synthesis of the
complementary (-) strain is initiated at the 3 'end of the RNA and triggered by the VPg
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protein. This complementary strain (-) is subsequently used as a model to synthesize a
large number of copies of the viral genome (Figure 5-E), which are used as mRNA for
the translation of multiple viral proteins or, later in the infection cycle, packaged into new
viral particles. The new infectious viruses are brought together in the cytoplasm and
finally released by lysis of the infected cell (Figure 5) (Rancaniello, 2001).

The replication kinetics of HRVs is rapid (the cycle is completed in 5-10 hours) and very
efficient (the number of virions produced by a single infected cell ranges from 10,000 to
100,000) although only a small part of the virions produced are infectious (from 1/10 to
1/1000) (Caprioli, 2005).

A, Attachment
of the virus to
the cell re ceptnr

B. The polyprotein

precursor splits in the
intermediates P1, P2
and P3

C. Pl is divided ~ 3 VPg protein
. ol el W
in VP1. VP2, Genomic RNA
VP3 and XT{\ IRES (+) sense
D. Positive-stranded “\\ %
ENA is copiedto a \\ %
E. The . i
~ negative chain
complementary interme diate |
strain (-} is Ee— Autocleavage
subsequently \
used as a model to
sytithesize a large \“ W @@--ﬂ--
number of copies . VPg
of the viral ey
Zenome i P e
\““n i ® Replication
R AAS
. I '
“ Azzembly E]u e T ° 1u-
— :
@-& @ = .
+ et i
Infectious - SR, VN Lt
Provirion S -"

- -
- -
-
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Figure 5. Rhinovirus life cycle (Benschop, 2015)



1.1.3. Transmission

The HRV mainly attacks the nasal mucosa. This may be related to the fact that the cells
of the nasal epithelium are closer to the optimal growth temperature (33°C) of most HRVs
(Coleman, 2015).

Transmission of infection occurs by the efficient entry of the virus into the nose or tear
ducts of a susceptible subject (Johannessen, 2012).

Transmission can occur through three ways:

1) By direct contact with the hands of an infected person even without respiratory
symptoms, even for as short a time as 10 seconds; in this way the particles are
transferred to the hands of the next subject. The recipient is infected by taking
contaminated fingers on the nasal or conjunctival mucosa (Johannessen, 2012).

2) By indirect contact, transmission occurs by contact with contaminated objects.
like glasses, coffee cups handle and door knobs. In fact, HRVs can remain viable
on these objects for hours or even days (Johannessen, 2012).

3) The virus can be transferred from infectious aerosols, such as particles produced
by coughing, sneezing, chattering, etc. (Johannessen, 2012).

The first symptom is often a sore throat and may occur immediately after virus entry in
the nose. The disease incubation period may be as short as 2 or 3 days but may be as long
as 5 days post-infection (Lessler et al. 2009). The median duration of the disease is seven
days in young adults but may be up to two weeks in a quarter of cases or even longer in
children and the elderly (Monto, 2002), leaving rhinovirus presence in one infection
episode usually extending to almost one month.

Infections with HRVs occur throughout the year, but mostly in spring and autumn. In
particular, the highest peak is found in September, and coincides with the start of school,

which certainly improves the means for efficient transmission (Blomqvists, 2004).

6



The reasons for seasonal behaviour may be due to the fact that HRVs persists better in an

environment where the relative humidity is above 50% (Blomqvist, 2004).

1.2. Single nucleotide polymorphisms (SNPs)

Figure 6. Single nucleotide polymorphism

(http://lwww.martaliveonlus.org/sites/default/files/allegati/news-ricerca/SNP_square.jpg)

A genetic variation can be defined as the presence of multiple alleles for the same locus.
These include polymorphisms and mutations, the latter are pathology associated genetic
variations, whereas polymorphisms do not usually cause pathologies and show the least
frequent allele in the population in a proportion greater than 1% (Brookes, 1999).

Single nucleotide polymorphisms (SNPs) are variations in a single base in the DNA
sequence (Figure 6). These variations occur when one nucleotide is replaced by another.
In general, 2/3 of the SNPs involve the change from C to T (both pyrimidines) (Ameur et
al., 2009).

SNPs are the most common genetic variants within the genome and have therefore
become the most frequently used markers in association study maps. According to some
estimates, in the world population there are about ten million SNPs for which both alleles

are present with a frequency of more than 1%. These SNPs (common SNPs) make up



90% of the variability in the world population, while the remaining 10% is made up of a
diversified set of other rare variants (Kruglyak and Nickerson, 2001). It is estimated that
the polymorphisms are distributed along the genome at irregular intervals, about every
300bp. It is hypothesized that during the evolution, whole groups of polymorphisms were
selected in functional regions of the genome. Recently the position of polymorphisms has
become the object of great attention. Non-synonymous polymorphisms would cause an
amino acid to change and thus the synthesis of an altered protein. Polymorphisms in
promoters, splice regions, 3'- and 5-UTR regions and in intragenic regions could alter
protein expression, through changes in its regulation, alternative splicing or mRNA
stability. Although intergenic polymorphisms are common, only a few showed they could
alter gene expression (Ameur et al., 2009). It has been estimated that around 50,000 to
200,000 polymorphisms could have a biological effect (Bernig and Chanock, 2006).
The formation of a genetic variant occurs following a single mutational event that occurs
with a very low frequency (in the order of 2.5 X 10® mutations per site or 175 mutations
per diploid genomes per generation). Each new variant is initially associated with the
entire genomic region in the vicinity of the chromosomal locus in which the mutation
occurred. The specific set of alleles that are on the same chromosome or in the same sub
chromosomal region is called a haplotype, therefore the onset of a mutation leads to the
formation of a new haplotype, just like the formation of a mosaic haplotype in the case of
recombination between two different haplotypes present on the chromosome of maternal
and paternal origin (Nachman, 2000).

During the evolution of humanity many mutations have occurred. Association studies are
based on the assumption that a mutation occurring in a single ancestral chromosome is
inherited from past generations and transmitted with the entire adjacent genomic region,

as a single block. This mutation therefore represents a distinctive sign, a marker, which



allows us to identify that particular segment of the ancestral chromosome (Péébo, 2003).
It turns out that neighbouring genes are more easily co-inherited in blocks of haplotypes,
resulting in association between populations that originate from a common ancestor. This
phenomenon is called linkage disequilibrium (LD) (Reich and Lander, 2001).

The haploblocks therefore originate from short segments of an ancestral chromosome
passed through numerous generations without recombination. SNPs in strong linkage
disequilibrium along the genome are called SNP-haploblocks. By virtue of this it is not
necessary to genotype all 13 SNPs within an haploblock, but only a few are called
tagSNPs, through which all the other SNPs can be deduced (Cheng, 2007). It is assumed
that the genotype of non-directly genotyped polymorphisms can be correlated with one
or more markers. This non-random correlation indicates that these markers are in linkage
disequilibrium between them (Carlson et al.,, 2003). Since the probability of
recombination between two SNPs increases with increasing physical distance between
the two, it is clear that the degree of association between SNPs progressively decreases
with distance (Reich and Lander, 2001).

However, after transmission through various generations the markers undergo various
genetic recombination. As a result, only those markers in close proximity to a particular
locus (for example the locus of a predisposition gene for a particular pathology) will
remain in linkage disequilibrium in the generations of individuals affected by the same
pathology (P&abo, 2003). However, several studies have highlighted how the Linkage
Disequilibrium framework along the genome is very complex, variable and difficult to
predict only through theoretical models (Gabriel et al., 2002).

The polymorphisms are therefore genetic markers that can be used in maps of complex
traits of a disease but require related analyses to establish the causes or functional

meaning of the variant. The situation is complicated by the fact that many polymorphisms
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seem to be population specific: about 15% of the polymorphisms could differ in different

populations (Berning and Chanock, 2006).

1.2.1. Interleukin 1B Gene
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Figure 7. Genomic Locations for IL1B Gene on chromosome 2 (red line) (www.genecards.org)

The Interleukin 1 genes are located on chromosome 2 (Figure 7) where there is an
aggregate of genes encoding both for IL-1pB, IL-1a and for the receptor of these two
molecules (Figure 8).

Interleukins-1 are pluripotent cytokines, that are able to perform and regulate many
immune functions and are specially involved in the activation of inflammatory responses.

They are present in two isoforms, IL-1a and IL-1p.

112,773k 113,134k
| |
| 1
- - - - +— - —
IL1 alpha IL1 beta IL37 IL36 gamma  IL3beta  ILF10 IL1RM
L IL3E alpha ILIGRN i
14kbp Tkbp J4kbp

Figure 8. Representation of the human chromosome-2 locus containing the IL-1 gene cluster showing the
relative size and positions of the known IL-1 genes within the IL-1 gene cluster (Khazim, 2018)

It seems that both forms act as mediators of biological activities of the same type, which

includes synthesis of acute phase proteins by the hepatocytes, polymorphonuclear

chemotaxis and release of polymorphonuclear cells from the blood and bone marrow

(Mattila, 2002).
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IL-1B, a cytokine of 17.5 kDa is an important mediator of the inflammatory response, is
released into the blood stream exercising widespread actions in the body; it is involved in
a variety of cellular activities, including cell proliferation, differentiation, apoptosis and
the increase of collagenase synthesis. It is one of the factors capable of inducing fever. It
induces the expression of cyclooxygenase 2 (COX2) and nitric oxide synthase (iNOS),
which induces nitric oxide synthesis to contribute to the decrease of vascular resistance.
Once in the circulation, it binds to the receptors present in the hypothalamic vessels
determining the synthesis of COX-2 which in turn induces an increase in the levels of
prostaglandin E2 (PGE2). The latter activates the hypothalamic centre of
thermoregulation leading to the appearance of fever (\Van der Poll e VVan Deventer, 1999).
It is an essential cytokine for host response and resistance to pathogens, but it can also
exacerbate damage during chronic diseases and acute tissue injury.

It is mainly produced by monocytes/macrophages, but also by dendritic cells, neutrophils,
T and B lymphocytes, endothelial cells, keratinocytes, fibroblasts, astrocytes and
microglia cells. In the peripheral circulation, IL-1p activates endothelial receptors so as
to allow the expression of adhesion molecules and chemokines that facilitate the
migration of neutrophils to tissues. This interleukin also amplifies the expression of other
cytokines, such as TNF-a and IL-6. At bone marrow level, IL-1p results in an increase in
myeloid progenitor cells by promoting neutrophil release resulting in neutrophilia,
through the production of Granulocyte-macrophage colony-stimulating factor (GM-CSF)
and causes a reduction in erythropoietin response to a state of anaemia.

In many studies, interleukin-1p has been reported to be involved in the genesis of asthma
(Karjalainen, 2003), and of chronic rhinosinusitis with nasal polyposis in a Turkish
population (Erbek, 2007). Most studies attempted to establish the association of

polymorphisms in the IL1B promoter gene such as rs16944. In 2007, Erbek et al.
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described a susceptibility for the development of nasal polyps associated with the rs16944
polymorphism. Tests for the role of IL-1p in pulmonary immune responses were collected
in mouse models; the changes observed in these mice include a significant reduction in
pulmonary eosinophilic inflammation, decreased goblet cell hyperplasia and reduced cell
recruitment in the lungs (Schmitz, 2003).

In another study, it was shown that the frequency of IL1B -511 polymorphism (AA
rs16944 genotype) is triple in patients with Aspirin-exacerbated respiratory disease
(AERD) compared to Aspirin-tolerant asthma (ATA) patients, suggesting that patients
carrying this polymorphism may show genetic susceptibility to develop AERD (Falfan-
Valencia, 2011).

Being this protein involved in countless biological processes, but particularly in the
immune mechanisms, it is possible that polymorphisms in this gene can modulate the
susceptibility to HRV infection.

1.2.2. TOLLIP Gene
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Figure 9. Genomic Locations for TOLLIP Gene on chromosome 11 (red line) (www.genecards.org)

The TOLLIP gene encodes the Toll interacting protein, also known as TOLLIP, a 30 kDa
protein, which is an inhibitory adapter protein. It is recognized as a negative regulator of
TLR signalling, thus regulates inflammatory signalling and is involved in trafficking of
interleukin-1 receptors and IL1R-associated Kinase turnover.

Toll-Like Receptors (TLRs) are a class of proteins that play a key role in the body's

defence, particularly in innate immunity. They are single-pass, non-catalytic,
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transmembrane receptors, expressed primarily on the membrane of sentinel cells such as
macrophages and dendritic cells (Liu, 2014).

They recognize certain typical structures of pathogens and microbes and are part of the
superfamily of "receptors that recognize molecular profiles” (Pattern Recognition
Receptors or PRR). Once the pathogen has breached the anatomical barriers of the host
(e.g. man's skin or intestinal mucosa), it is recognized by TLRs that activate the immune
responses of sentinel cells (Abul, 2012).

Recent studies suggest that TOLLIP is also involved in autophagy. For example, human
TOLLIP is necessary for the correct clearance of polyQ proteins related to Huntington's
disease through ubiquitin-dependent autophagy (Lu, 2014).

Various pathways of innate immunity including Toll-like receptors (TLR) and autophagy
are involved in HRV infection, and since TOLLIP is a negative regulator of these
mechanisms, genetic variations may partly explain the variation in airway response to
HRV infection (Lu, 2014).

Several TOLLIP SNPs have been implicated in sepsis (Song, 2011), tuberculosis (Shah,
2012) and idiopathic pulmonary fibrosis (Kropski, 2015), but the function of TOLLIP
SNPs in HRVs infections is not yet clear. We hypothesized that TOLLIP SNPs (e.g.,
rs5743899) and changes associated with TOLLIP expression levels contribute to varying

degrees of human airway epithelial responses to HRVs.
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1.3.

The polymerase chain reaction (PCR) is an in vitro nucleic acid amplification method.

Polymerase chain reaction
4th cyele
wanted gene —_— —
—<1‘th cyele I
g —
= ¢ Indeycle

Ist eyele
template DNA

4 copics 8 copies 16 copies

32 copies

----------- = 35th evele

Figure 10. Theorical cycle in a PCR reaction (Hakhverdyan, 2018)

PCR allows the exponential synthesis of a DNA segment.

In every PCR cycle, theoretically, the double of the initial DNA is obtained; in general,
there are 35 cycles, which translates into a theoretical amplification of over 34 billion

(34x10°) times (Figure 10). Virtually the efficiency is never 100%, so the amplification

obtained will usually be lower than this theoretical limit (Cabeda et al., 2012).

The amplification mixture must contain (Scialpi, 2008):

e Target sequence, consisting of the genetic material containing the target regions

to be amplified;

e Specific primers. DNA polymerase is not able to initiate DNA synthesis
(polymerization) without having an oligonucleotide primer. This primer is then
designed and synthesized in such a way that its sequence is complementary to that
of the initial area to be amplified, providing a free 3 'end for the nucleotides to be
added by the polymerase. Since the molecule we are amplifying is double-
stranded, each strand will have its own primer. Primers are designed to limit the

ends of the target sequence to be amplified with the 3' ends facing each other.
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e Thermostable DNA polymerase

e dNTPs (deoxynucleoside triphosphates)

e Buffer, that ensures optimal conditions of activity of the enzyme used are added
to the DNA.

e Magnesium chloride plays an important role in the solution as it affects specificity
and sensitivity. An important parameter to be evaluated is its concentration
because it influences both the specificity of the primer coupling and the activity

of the enzyme (Scialpi, 2008).

For each cycle of the PCR reaction we can distinguish three phases: denaturation, the

pairing or annealing and finally extension.
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Figure 11. Step 1 of PCR: Denaturation (Hakhverdyan, 2018)

During denaturation (Figure 11), high temperatures of about 95°C are reached. In this
phase the double helix of the DNA is separated into two single strands (thermal
denaturation). This happens because the high temperature makes the hydrogen bonds, that
link the chains, unstable, allowing them to break. Denaturation is favoured by the
presence of relatively high saline concentrations. Since the half-life of "Taq pol" is about
30 minutes in a 95°C environment, the enzyme activity remains stable for the 30-40

cycles required to obtain millions of copies of the same target sequence (Clewley, 1995).
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Figure 12. Step 2 of PCR: Annealing (Hakhverdyan, 2018)

In the second phase (Figure 12), the temperature is lowered to the annealing temperature
(Ta) (reaching temperatures between 55 and 72°C): at these temperatures primers bind to
their complementary sequences in the DNA mould, at the ends of the fragment of interest.
The Ta is conditioned by primer sequence and their length. The annealing temperature
(temperature at which 50% of the primer is single stranded) is often estimated, based on
the primers melting temperature. However, Ta should always be experimentally defined

(Weissensteiner, 2004).
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Figure 13. Step 3 of PCR: Extension (Hakhverdyan, 2018)

At the last phase, the extension (Figure 13), the temperature is slightly increased to
maximize the action of the enzyme (the working temperature of the enzyme is usually

between 68 and 72°C). In this phase the oligonucleotide primers are extended by the DNA
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polymerase which incorporates the individual nucleotide complementary to the DNA
template. The amplification cycle, consisting of the three phases just described, is
repeated 30-40 times to obtain the exponential amplification of the target sequence.

In the last amplification cycles the reaction slows down, due to the consumption of
reagents and the reduction of polymerase activity, until a plateau is reached, in which
there is no more amplification due to the exhaustion of the reagents and the reaction

product accumulation (Cabeda et al., 2012).

1.3.1. Real Time PCR

The conventional PCR technique is a qualitative technique. In fact, it is not possible to
correlate the quantity of the final product with the quantity of DNA initially present,
because in the final phase the efficiency of the reaction can be variable. A development
of the PCR technique consists of real-time PCR (Bustin, 2004).

Real-time PCR, or gPCR (quantitative PCR), allows to quantify the synthesis of the PCR
product at each amplification cycle in real time. This allows a quantitative estimate of the
initial DNA to be made (Bustin, 2004).

The signal that is quantified is the fluorescence emitted by fluorophores (fluorescent dyes
capable of binding to the DNA molecules produced at each amplification cycle).
Fluorophores can bind to DNA in a nonspecific manner, or act as markers of
oligonucleotide probes complementary to specific sequences (Filion, 2012).
Non-specific fluorophores used in real-time PCR are characterized by the development
of fluorescence only when they are bound to the neo-synthesized DNA strands (Figure
14). The emitted fluorescence increases proportionally to the number of double stranded

DNA molecules produced. The quantity of amplified product can therefore be determined
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at each amplification cycle, detecting the emitted radiation of the fluorophore (Filion,

2012).
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Figure 14. SYBR® Green detection (http://eng.bioneer.com)

One of the most used fluorophores is SYBR® Green, a fluorescent molecule that during
the PCR reaction is intercalated in the DNA double strand. The DNA-SYBR® Green
complex absorbs UV light (Amax = 488nm) and emits green light (Amax = 522nm).
SYBR® Green intercalates in double-stranded DNA, which is why it is not suitable for
quantifying single-stranded RNA. During the denaturing phase the SYBR green is free in
the reaction mixture (Figure 14-1), then in the annealing phase and particularly at the end
of polymerization stage it intercalates in the DNA molecule (Figure 14-2, 3) and when
excited emits a fluorescence proportional to the number of copies of DNA produced

(Bustin, 2004).
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Figure 15. Tag-man Probe detection (http://eng.bioneer.com)

In analyses based on the use of specific probes, the fluorescent signal is detected only as
a result of the probe's pairing to the target sequence. The probes typically used can be of
several types, but the most frequent are: hydrolytic or hybridization probes (Bustin,
2004).

The hydrolytic probes have a fluorophore at each end: high-energy (reporter) and a
fluorophore (quencher) inhibitor (Figure 15-1). When the probe is intact (Figure 15-1 and
15-2), the inhibitor is sufficiently close to the fluorophore to block the emission of the
fluorescent signal. During the elongation (Figure 15-3), in each amplification cycle, the
polymerase hydrolyses the probe. In this way the fluorophore is released in the reaction
mixture and moves away from the inhibitor action, with a consequent emission of the

fluorescent signal (Bustin, 2000).
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So, in the analyses using hydrolytic probes the fluorescent signal emission depends on
the activity of Tag DNA polymerase. Hydrolytic probes are also called TagMan probes.
The hybridisation probes, on the other hand, allow detection of the signal at the moment
in which they bind to the target sequence. There are different models of hybridization
probes. Among these we find a type of probe that exploits the transfer of fluorescent

resonance energy (FRET) (Filion, 2012).

Figure 16. FRET probes. R1 is donator fluorophore, R2 the acceptor (Bio-Rad.com)

During the FRET process, the excitation of a donor fluorophore causes the transfer of
energy to an acceptor fluorophore (Figure 16). The FRET probes are formed by a pair of
oligonucleotides, designed in such a way as to hybridize close to one another on the target
sequence. The signal that is detected is proportional to the quantity of hybridized probe
and, consequently, to the amount of amplified product. Another variant of the

hybridization probes consists of the "molecular beacon™ (probes beacons) (Logan, 2009).
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Figure 17. Molecular beacon probes (Bio-Rad.com).

These probes are designed to have the ends self-complementary, so that the molecule
assumes a hairpin conformation (Figure 17).

At each end, a fluorophore and its inhibitor are bound. The signal is emitted when the
probe binds to the target sequence. In fact, with the distension of the hairpin, the
fluorophore moves away from the inhibitor and is therefore able to emit light (Logan,
2009).

The information obtained with this technique is therefore greater than that of a classic
PCR. Real-time PCR is often used in combination with the retro-transcription reaction
(RT), to quantify the levels of expression of specific genes of interest, and to genotype

SNP’s (Bustin, 2004).
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1.3.2 Melting Temperature Analysis

At the end of the PCR reaction melting curves can be constructed. These curves describe
the fluorescence variation as a function of temperature.

Each PCR amplicon (a specific PCR product) has its characteristic melting curve, it is
obtained at the end of the amplification cycle reaction by increasing the temperature from
50 to 95°C at a continuous rate (usually between 0.2-0.5°C7second) and carrying out the
fluorescence reading at the fastest rate allowed by the equipment (Bustin, 2004).

As the temperature increases, little decrease in fluorescence is observed until the melting
temperature is reached. At this point the double stranded amplicons will denature with a
consequent sudden decrease in the detected fluorescence.

Melting curve analysis is a practical and useful control of the real-time PCR amplification
specificity. The dynamic control of the entire melting curve as the temperature changes
completely defines the melting dynamic (S. Kennedy et al., 2001).

There are two ways of displaying melting curves: the first (Figure 18) consists in
visualizing the fluorescence curve as a temperature function; the second one (Figure 19)
represents the fluorescence negative derivative in respect to temperature -dF/dT (the

fluorescence unit is the RFU "relative fluorescence units") (Kennedy et al., 2001).
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Figure 18. A set of samples melting curves evaluated for the same target in a real-time PCR experiment

(MolecularLab.it)
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Figure 19 gives us a complete view on the fusion dynamics. The second inflection point

of Figure 18 corresponds to peak of the Figure 19.
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Figure 19. A set of samples melting curves in negative derivate form evaluated for the same target in a

real-time PCR experiment (MolecularLab.it)

Melting curve profiles provide us with a tool to evaluate the specificity of the
amplification. A specific PCR amplified (usually in length around one to five hundred
base pairs) has a melting temperature Tm>80°C; the curve peak will therefore be in
correspondence with this values range. Primer dimers, a-non-specific product due to the
link between partially complementary primers, giving shorter amplicons, denature at a
temperature Tm <80°C; their presence is therefore identified in the curve by a peak at
temperatures below 80°C. Other non-specific amplification products have different
melting profiles than the amplified sample, usually there are more peaks at different

temperatures (Bustin, 2004).
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1.4. Restriction Fragment Length Polymorphism
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Figure 20. PCR-RLFP sequence of steps (adapted from www.thermofisher.com)

The RFLP technique is based on DNA hydrolysis with restriction endonucleases followed
by the separation of the fragments generated by electrophoresis.

Restriction enzymes break down DNA sequences by recognizing specific nucleotide
sequences, thus differentially identifying DNA fragments that include areas with
polymorphisms/mutations (Scialpi, 2008).

The RFLP technique can be applied after the PCR (which amplifies the specific nucleic
acid fragment of interest) and in this way direct the analysis to one particular

polymorphism of interest (Figure 20) (S. Kennedy et al., 2001).
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1.5. Agarose gel electrophoresis
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Figure 21. A schematic example of an agarose gel electrophoresis apparatus (orbitbiotech.com)

Agarose gel electrophoresis allows the separation of DNA fragments. The DNA is
negatively charged by the presence of the terminal phosphate groups of the DNA
sequence. Applying an electric field, DNA migrates towards the positive pole (anode)
(Scialpi, 2008).

The migration speed depends on (Bustin, 2004):

* DNA size. The DNA molecules are separated by size in such a pattern that the distance
travelled is inversely proportional to the logarithm of its molecular weight. So, the larger
molecules migrate more slowly, the smaller ones faster;

* agarose concentration in the gel. Agarose is a linear and neutral polysaccharide formed
by units of D-galactose and 3,6-anhydro-L-galactose alternately bonded with glycosidic
bonds. It is a water-soluble sugar at boiling point, while it becomes solid as it cools,
forming a matrix through hydrogen bonds between the linear chains. During gelling, the
agarose polymers associate in a non-covalent way to form a network of bundles, in which
the pores formed determine the molecular properties of the sieving gel. The size of the

pores depends on the agarose concentration.
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* DNA conformation. The superwired, linear and circular DNA have different migration
speeds even if of equal size: The superwired form runs faster because it is more compact;
The circular shape runs slower because it is the most "cumbersome” and it is more
difficult to move inside the pores of the gel; The linear form is placed in half (the linear
form is, for example, the one that is found as a product in the PCR).

« applied voltage, about 5Volt/cm (anode-cathode distance) is usually applied to prevent
overheating or excessively slow migration.

* presence of ethidium bromide or SYBRGreen, which are fluorescent intercalating dye
that allow visualization of DNA. When exposed to UV light, the electrons of the aromatic
ring of these fluorophores are activated, which leads to the release of energy (light) when
the electrons return to the ground state. They work by intercalating in the DNA molecule
in a concentration dependent manner. This allows an estimate of the amount of DNA
based on its intensity. Because of its positive charge, the use of EtBr reduces the rate of
DNA migration by 15%. EtBr is a suspected mutagen and carcinogen, so care should be
taken when handling agarose gel containing it.

» composition (ionic strength) of the buffer. The lowering strength the higher the

resistance and eat produced and the slower the migration (Bustin, 2004).

To separate the DNA using agarose gel electrophoresis, the DNA is loaded into
prefabricated wells in the gel and an electric field is applied (Figure 21). The DNA
phosphate skeleton (and RNA) is negatively charged, so when placed in an electric field,
the DNA fragments will migrate to the anode (Scialpi, 2008).

The DNA samples are mixed with a dense dye mix (Gel loading dye), before being loaded
into the wells, this increase density allowing the deposition in the well. The dye also

allows indication of the electrophoretic front (Bustin, 2004).
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A size marker is also used which is made up of DNA fragments of known dimensions
and allows to determine the size of the sample DNA. This is done by migrating along
with the DNA samples, it is usually loaded into the first well, and is used as a dimensional
reference.

Once the electrophoretic run is complete, the results are displayed using a UV lamp

(Scialpi, 2008).

1.6. Objectives of the study
In the present study we considered two SNPs, rs5743899 of the TOLLIP gene and

rs16944 of the gene encoding Interleukin 1B (IL-1pB). Being the two genes involved in the
body's immune response against external pathogens, it is hypothesized that these two
SNPs are involved in susceptibility to RHV viral infections.

For over a year, our group has characterized the presence of Rhinovirus in the nostrils of
healthy volunteers using RT-qPCR.

In the present study we genotyped these immune-related SNPs and correlated them to the
frequency of detection and relative quantification of Rhinovirus in the volunteers’

nostrils.
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2. MATERIAL AND METHODS

2.1 Population studied

In the study a total of 89 volunteers were enrolled, recruited from among the student

population of the Faculty of Health Sciences of the Fernando Pessoa University in Porto,

Portugal.

The volunteers were aged between 20 and 41 years (Figure 22), the gender distribution
(females account for 2/3 of the volunteers) is shown in Table 1, and other characteristics

are shown in Table 2.

Table 1. Sample distribution by gender

5o Gender N %
. e Male 24 26,7%
M Female 64 73,3%
> Table 2. Population characteristics
£ TN Self-Reported Allergies %
| Chemicals 4,4%
Contact 13,3%
Insects 7,8%
Foods 13,3%
[0 11 ] Other 15,8%
“adsn o s o s Smoker subjects 34,4%
Birh date Asthmatic subjects 8,9%

Figure 22. Sample distribution by age

Each student provided a monthly swab sample collected for the characterization of the
year-long presence of rhinovirus in the nostrils, and a blood sample or mouth endothelial
cell cotton swab (if unwilling to donate blood) for DNA extraction and purification. A
total of 33 samples of blood and 15 samples of mouth epithelial cell cotton swab were

used in the present study.
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2.2 DNA extraction

Genomic DNA was extracted from blood or epithelial mouth cells using Qiamp mini

Blood DNA kit (Qiagen) according to the manufacturers instruction.

The principle on which this kit extraction is based depends on DNA binding to silica
particles. These particles were contained in columns and allow DNA binding and
elimination of RNA and proteins by means of a series of washes with appropriate buffers.
The DNA bound to the filter can then be eluted by water or a Tris-HCI and EDTA based

buffer.

To perform the extraction, 200ul of whole blood at room temperature, and 200l of lysis
buffer were added to 20ul of proteinase K (600 1U/ml). Subsequently, the sample was
incubated at 56°C for 10 minutes, after which, 200ul of absolute ethanol (96-100%) were
added to the sample and, the mixture transferred to the silica spin column. The column

was then centrifuged and washed with two different buffers of increasing astringency.

Finally, the genomic DNA was eluted with 200ul of nuclease free water or with a Tris
EDTA based buffer and stored at -20°C until the subsequent analytical procedures were

performed.
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2.3 Detection of the rs5743899 (TOLLIP) by PCR-RFLP

The polymorphism rs5743899 of the TOLLIP gene present in the intron and exon 4 was
typed by PCR-RFLP using the restriction enzyme Hhal, essentially as previously

described (Araujo, Silva, Mesquita, et al., 2015).

A previously described primer pair (table 3) was used to amplify the regions
encompassing the polymorphism. PCR was performed in a final volume of 30uL
containing 1x 1Q SybrGreen Supermix (BioRad, USA), 1uM forward and reverse primers

and 1uL of blood sample DNA.

Table 3. Primer pair used for TOLLIP polymorphism study

TOLLIP rs5743899F 5’-GGC AAT GGC AGT GGC CAC CAG TGA-3’
rs5743899R 5’-CCG ATG CCC GCA CACCTG TGT GAT-3

a) Araujo, Silva, Mesquita, et al., 2015

The PCR cycling conditions were the subject of extensive optimization varying step
temperatures and duration. The optimum cycling conditions were determined as including
an initial denaturation step of 3 min at 98°C, followed by 35 cycles of denaturation (30s
at 98°C) and annealing/amplification (45s at 72°C). The generated PCR amplicons

showed the expected length of 279bp (figure 23).

A total volume of 15uL of PCR products was digested with 20 1U of the restriction
enzyme Hhal (New England Biolabs, USA), in CutSmart buffer (New England Biolabs,

USA) at 37°C for 2 hours.

PCR restriction fragments were size separated by electrophoresis in 4% NuSieve 3:1 TAE
agarose gel (FMC, USA). Presence of the G allele was detected by fragments of 125bp,

93bp and 61bp whereas the A allele generated bands of 218bp and 61bp (figure 23).
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Figure 23. Electrophoresis with example of TOLLIP PCR amplicon and
Restriction Fragments of each genotype. Well 1 shows an 100bp ladder; well
2 shows the PCR amplicon; well 3 shows a Heterozygous individual; well 4
represents results for a homozygous A allele; well 5 indicates an homozygous
G genotype result.

2.4 Detection of the rs16944 (1L1B) by PCR-RFLP

The polymorphism rs16944 of the Interleukin-1 beta (-511) was determined using
polymerase chain reaction—restriction fragment length polymorphism (PCR-RFLP),
essentially as previously described (Bhat, Naykoo, Quasim, et al., 2014). Amplification
of the target region was carried out by polymerase chain reaction using the specific

forward and reverse primers shown in Table 4.

Table 4. Primer pair used for IL1B polymorphism study

IL-1B rs16944F 5’-TGG CAT TGA TCT GGT TCA TC-3’
rs16944R S’-GTT TAG GAATCTTCCCACTT-3’

a) Bhat, Naykoo, Quasim, et al., 2014

PCR was performed in a final volume of 30uL containing 1x Mix quantitec iProof High-
Fidelity Master Mix (Bio-Rad 172-5310), 1uM forward and reverse primers and 1uL of

blood sample DNA or 13 uL of mouth swab samples DNA.
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The PCR cycling conditions were extensively optimized. Optimum conditions were
determined to include an initial denaturing step of 3 min at 98°C, then 45 cycles of

denaturation (30s at 98°C), annealing (30s at 60°C) and extension (30s at 72°C).
The generated PCR amplicons showed the expected size of 305bp (figure 24).

Digestion of 10uL the amplyfied products of IL1B (-511) was done by using 101U of
restriction endonuclease Aval (New England Biolabs, USA), in CutSmart buffer (New

England Biolabs, USA) and incubated at 37°C for 2 hours.

PCR restriction fragments were size separated by electrophoresis in 4% NuSieve 3:1
agaroses gel (FMC, USA). Presence of the T allele was detected by fragments of 305bp,

whereas the C allele generated bands of 190bp and 115bp (figure 24).

1 2 3 4 5 6 7 8

Figure 24. Electrophoresis with example of IL1B PCR amplicon and
Restriction Fragments of each genotype. Well 1 shows an 100bp ladder; wells
2 and 3 show the PCR amplicon of a negative control and a positive DNA
sample; wells 4 and 5 show results of heterozygous individuals; wells 6 and 7
represent results of homozygous C allele individuals; well 8 indicates an
homozygous T genotype result.
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2.5 Nasal Sample Collection

Voluntaries came monthly for nasal swab collection. Samples were collected from each
nostril using sterile cotton swabs. Swabs from left and right nostrils were stored together
in 200mL of RNALatter (Invitrogen) solution for 24h at 4°C and then transferred to a
deep freezer (-70°C) until RNA extraction procedures. Nasal sample collection was never

performed by the author of the present thesis.

Of the 89 voluntaries enrolled in the study, a total of 56 remained actively engaged in the
study at the end of the 12 month observation period (major reason for dropping the study

was discontinuity of attendance to University campus due to end of studies program).

Most of the voluntaries (62%) donated 8 to 12 nasal swab samples (figure 25).

study
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Figure 25. Distribution of the number of collected nasal swab samples per voluntary
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2.6 Viral RNA extraction

Viral RNA extraction was performed using QlAamp Viral RNA Mini Kit (Qiagen)
following the manufacturer instructions. Final elution volume was 60uL. RNA samples
were stored at -80°C. Viral RNA extraction was never performed by the author of the

present thesis.
2.7 Rhinovirus RNA detection and quantification

Rhinovirus RNA amplification was performed by qgPCR on a Lightcycler 1.1 (Roche,
Germany) as previously described (Myatt, et al.2004). Semi-quantification was obtained
relative to a dilution series of a positive sample. Rhinovirus qPCR was never performed

by the author of the present thesis.
2.8 Statistical analysis

Data was statistically analysed using Statistical Package for Social Sciences (SPSS)
version 22. Variable normality test was done using the Kolmogoronov-Smirnov test
against a gaussian distribution. Comparisons among genotype groups were performed
using the Kruskal-Wallis H test, whereas comparisons among allele groups were done
using the Mann-Whitney U test. When differences between groups were expected to fall
in the extremities of the observed values, group comparisons were also done using the
Moses extreme reactions test. Tests were always done to compare ranks and results were

always interpreted using a significance level of 0,05.
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3. RESULTS

3.1 Allele frequencies, Genotype frequencies and Hardy-Weinberg equilibrium

A total of 33 DNA samples were used for the genotyping of TOLLIP (all samples
extracted from blood as the TOLLIP PCR was found too inefficient for the very diluted
DNA obtained from mouth epithelial cotton swabs) and 48 DNA samples were used for
the genotyping of interleukin 1 beta (33 blood samples and 15 mouth epithelial cotton

swab samples).

Allele and genotypic IL1B frequencies showed that, as expected, the most present
genotype was TC (50%; table 5), whereas the T (wild type) allele was the most frequent

in the studied population (65%; table 5).

The observed genotype frequencies of the TOLLIP polymorphism were notoriously
different from the IL1B, as the heterozygous genotype was not the most abundant one. In
fact, The AA genotype was dominant (42,4%; table 5) and the GG genotype was the least
frequent with only 24,2% (table 5). However, allele frequencies were not very different
from the observed in IL1B with the A allele being the most frequent (59%; table 5). The
observed genotypes for the population were however not significantly different from the
expected ones if the populations were in Hardy-Weinberg equilibrium. Thus, the

observed deviations were as expected for such a small population.

Table 5. Genotypes and allele frequencies for TOLLIP and IL1B

IL1B TOLLIP IL1B TOLLIP
TT 39,6% AA  42,4% T 65,0% A 59,0%
TC 50,0% AG  33,3% C 350% G 41,0%

CC 10,4% GG  24.2%
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3.2 Variables Normality Check

First, we tested whether a gaussian distribution could be used to describe the RHV
determinations (frequency of positive samples, average RHV positive sample

concentration, number of RHV+ episodes, duration of RHV+ episodes).

As expected, distributions of rhinovirus determinations were found to be significantly
different (p<0.001) from the gaussian distribution (see example in Figure 26). For this

reason, non-parametric statistical tests were used in the next stages of data analysis.
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Figure 26. Rhinoviruses frequencies distribution

3.2 1L1B and TOLLIP genotype and frequency of rhinovirus detected in nostrils of

volunteers

Next, we evaluated if IL1B or TOLLIP genotype groups showed differences in the
frequency of nostril Rhinovirus detection. As can be seen in figures 27 and 28, there was
a wide variation in the frequency of RHV positive nostril samples in all genotype groups,

and no statistically significant differences between genotype groups were found (table 6).
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Figure 27. Percentage of RHV+ samples as a function of IL1B genotype. No significant
differences (Kruskall-Wallis test) between genotype groups were observed.
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Figure 28. Percentage of RHV+ samples as a function of TOLLIP genotype. No significant
differences (Kruskall-Wallis test) between genotype groups were observed.

However, as seen in figure 28 and table 6, TOLLIP genotype AA was the only one with
no individuals showing year-long absence of rhinovirus (0% positive samples).
Nevertheless, the low number of such individuals (5) is not sufficient for statistical
significance. No such effect was observed for the IL1B genotypes (figure 27) as similar
frequencies of year-long RHV free individuals were present in each genotype group (table

6).
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volunteers

Table 6. Percentage of year-long RHV free individuals per
genotype groups

AA AG GG 1T TC CcC

Yorlong opma4 311 28 ans a4 15
it (0%) (27%) (25%) (22%) (17%) (20%)

p n.s. n.s.
n.s.=not significant (Kruskal-Wallis independent samples test)

3.3 IL1B and TOLLIP genotype and concentration of rhinovirus in the nostrils of

Taking advantage of the quantitative nature of the gPCR, we also quantified the
rhinovirus titre in the nostril swab samples. To that effect, a tenfold serial dilution of a

positive control was used as a quantification standard, with results expressed as relative

to the original control concentration.
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Figure 29. Correlation between TOLLIP genotype and rhinovirus concentration
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The rhinovirus concentration detected in the volunteers’ nostrils ranged from a minimum
of zero (negative samples) to a maximum of 9,95x107 (equivalent to the positive control).
Observed rhinovirus nostril concentrations in each genotype group are shown in figures

29 (TOLLIP genotypes) and 30 (IL1B genotypes).
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Figure 30. Correlation between IL1B genotype and rhinovirus concentration (n.s. = not significant)
As can be seen in figure 30, no IL1B genotype effects on the relative RHV concentration

were observed. However, albeit not reaching statistical significance, a tendency
(p=0.054) for TOLLIP genotypes to influence viral titres was found (Figure 29).
Apparently, individuals with the homozygous G genotype have a tendency to have higher
viral titres, in positive samples (and/or to show less frequently very low viral titres in

positive samples).
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3.4 IL1B and TOLLIP genotypes and the number and duration of nasal RHV

positive episodes

As mentioned in the introduction (section 1.1.3) usually Rhinovirus incubation and cold
disease duration allow the healthy human body to clear viruses in less than a month. Thus,
two consecutive positive samples may either indicate a reinfection, or be the result of an
immune system less capable of clearing the virus. In an attempt to evaluate whether
immune system related genetic polymorphisms could support the latter hypothesis, we
tested whether considering consecutive positive samples as abnormally long but single

episodes would correlate to any particular genotype.

As can be seen in table 7, no significant differences were observed among genotype

groups in relation to the frequency of long (>1 month) RHV positive episodes.

Table 7. Frequency of voluntaries with long RHV+ episodes
per genotype groups

AA AG GG 1T TC CcC

episodes lasting x4 311 218 5/19 7/24 25
>Fi month I (29%) (27%) (25%) (26%) (29%) (40%)

P n.s. n.s.
n.s.=not significant

Voluntaries with

However, close analysis of data (figure 31) reveals that TOLLIP AA genotype
simultaneously shows the longest episode (3 months) and absence of RHV free

individuals.
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Figure 31. Duration of RHV+ episodes according to TOLLIP rs5743899 genotype

Similarly, the IL1B TT genotype was the only one with episodes lasting 3 months, but no
similar association to the year-long RHV-free voluntaries (0-month longest episode) was

found (figure 32).
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Figure 32. Duration of RHV+ episodes according to IL1B rs16944 genotype
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Next, we tested genotype influence on total number of RHV+ episodes (if consecutive
positive samples were assumed to be one infection/colonization episode). As expected in
an adult population, voluntaries were found to have only up to 2 rhinovirus positive
episodes. As can be seen on table 8 no statistically significant differences were observed

between the genotype groups relative to the frequency of RHV reinfections.

Table 8. Frequency of voluntaries with more than one RHV+
episode per genotype group

AA AG GG 1T TC CcC

Vvvf’t'h”r;tfgejv , 414 211 38 518 824 2/5
opisode (29%) (18%) (38%) (28%) (33%) (40%)

P n.s. n.s.
n.s.=not significant

3.5 individual IL1B and TOLLIP allele presence and rhinovirus detection in the

nostrils of volunteers

Since genotype analyses indicated that some alleles could have protective or risk effects
on the rhinovirus presence (see 3.2 and 3.4) we decided to compare the detection of RHV

in the nostrils of volunteers according to the individual presence of each studied allele.

Table 9. Percentage of year-long RHV free individuals as
function of TOLLIP Allele groups

Aallele ? G allele
At A~ Gt G-
L ot 325 28 519 0414
0, 0, 0, 0,
individuals __ (12%)  (25%)  (25%)  (0%)

Kruskal-Wallis® n.s. p<0.040

a) + indicates presence of allele; - indicates absence of allele
b) n.s. = not significant
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The results shown in tables 9 and 10 indicated that TOLLIP G allele could indeed have a
protective effect as only individuals with this allele were found to be free of RHV for the
entire observation period (one year). No other allele showed a similar difference (Tables

9 and 10).

Table 10. Percentage of year-long RHV free individuals
as function of IL1B Allele groups

T allele @ C allele
T" T C* C-
Year-long RHV-free  8/43 1/5 5/29  4/19
Individuals (24%) (20%) (17%) (21%)
p® n.s. n.s.

a) + indicates presence of allele; - indicates absence of allele
b) n.s. = not significant

3.6 individual IL1B and TOLLIP allele presence and rhinovirus concentration in

the nostrils of volunteers

Next, we tested if the studied alleles showed any influence on the RHV titres in the
nostrils of the voluntaries. As can be seen in figure 33 and 34, no statistically significant
effect was observed of any allele on the RHV positive samples nasal titre for the A Allele.
However, the grouping of the negative samples on the TOLLIP G+ allele group, together
with the presence of the highest viral concentrations on positive samples renders the
presence of the G allele as giving rise to extreme values. In fact, voluntaries with this
allele are the only ones that seem to resist RHV for the entire period, but when infected
show the highest nostril concentrations of rhinovirus (Man Whitney U test p=0.031;

Moses test p=0.020; figure 33).
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Figure 33. Rhinovirus concentration as a function of the presence of specific TOLLIP alleles
(KW=Kruskal-Wallis test; moses = moses test for extreme reactions; n.s.= not significant)
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Figure 34. Rhinovirus concentration as a function of the presence of specific IL1B alleles (n.s.= not
significant)

3.7 1L1B and TOLLIP alleles and number and duration of RHV* episodes

As can be seen on figure 35, the TOLLIP G allele did correlate with extreme values for
the number of episodes (p<0.001). Presence of the G allele was correlated with shorter
(or even total absence of) RHV" episodes, whereas the absence of this allele correlated to

extreme lengthy RHV+ episodes.
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Figure 35. RHV+ episode duration as a function of the presence of specific TOLLIP Alleles. Statistical

significant differences shown are for the Moses test for extreme reactions (n.s.= not significant)
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Figure 36. RHV+ episode duration as a function of the presence of specific IL1B Alleles. Statistical
significant differences shown are for the Moses test for extreme reactions (n.s.= not significant)

No such difference was observed for the TOLLIP A allele (Figure 35) or any of the IL1B

alleles (Figure 36)

Similarly, the TOLLIP G allele was the only one where absence of RHV+ episodes across
the entire observation period was ever found (p<0.001; figure 37). No other difference
was found between allele groups regarding the number of RHV+ episodes (Figures 37

and 38).
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Figure 37. Number of RHV+ episode as a function of the presence of specific TOLLIP Alleles. Statistical
significant differences shown are for the Moses test for extreme reactions (n.s.= not significant)
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Figure 38. Number of RHV+ episodes as a function of the presence of specific TOLLIP Alleles. Statistical
significant differences shown are for the Moses test for extreme reactions (n.s.= not significant)
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4. DISCUSSION

TOLLIP and IL1B genes are involved in the innate immunity, participating in inter-
cellular signalling in numerous inflammatory processes. It is therefore possible that
genetic polymorphisms in these genes can impact viral infection and clearance.

In the present study, we aimed at investigating whether polymorphisms in these two
genes (rs5743899 and rs16944) have any impact on the nostril detection of rhinovirus,
a common virus that usually produces a mild but recurring infection (common cold).
Over a period of one year, a total of 86 healthy young volunteers donated monthly
nasal swab samples for the detection of Rhinovirus RNA (56 voluntaries remained
active at the end of the study). Most of the voluntaries (62%) donated 8 or more
samples (figure 23), with a lower success rate of sample collection during the summer
period when students are more often absent from University, but also when rhinovirus
presence is less frequent. A subset of the voluntaries also agreed to donate a blood
sample (others only agreed to epithelial mouth cotton samples) for the genotyping of
Immune System related genetic polymorphisms. In the present study, we report the
results obtained with a subset of 33 blood samples and 15 mouth epithelial cells
derived DNA for the genotyping of rs5743899 and rs16944, two polymorphic variants
of TOLLIP and IL1B genes respectively.

The results did not support involvement of IL1B polymorphism (rs16944) on the
frequency of rhinovirus positive samples, their respective relative rhinovirus
concentration or the number and duration of rhinovirus positivity episodes.
However, TOLLIP rs5743899 polymorphism was found to influence rhinovirus
infectivity as individuals who never tested positive for rhinovirus were found to
harbour the TOLLIP G allele (figures 28, and 33). This effect, at least in the small

sample yet available does not seem to be dependent on allele copy number, since
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absence of RHV* episodes was found both among heterozygous and Homozygous G
individuals (Figure 28). Interestingly this allele does not seem to be fully protector as
when rhinovirus is found among these individuals it tends to show a higher titre then
among TOLLIP G- individuals (figure 33).

A similar effect was observed when the number and duration of rhinovirus positive
episodes was analysed. Individuals with the G Allele showed shorter episodes (figure
35) as well as the absence of episodes (figure 37).

These results must be interpreted in the context of TOLLIP gene biological action. It
was described that the TOLLIP protein acts as a negative regulator of Toll-like
receptor (TLR) mediated signalling (Zhang & Ghosh 2002). This is interesting in light
of the finding that HRV capsid is recognized before viral infection by TLR2
(Triantafilou et al,2011) which was among the TLR’s proven to be effectively
inhibited by TOLLIP (Zhang & Ghosh 2002; Shah et al., 2012). Also, interestingly is
the observation that upon HRV internalization, the viral recognition routes change
towards TLR7, TLR8 and MDA-5 (Triantafilou et al,2011), with different signalling
mechanisms, explaining our observation of a different effect of TOLLIP
polymorphism on the prevention of infection and on infection progression. Of all
polymorphisms described in the TOLLIP gene, rs5743899 has proven to be
interesting in TLR dependent immune reactions as the G allele decreases gene
expression (Shah et al., 2012) which in turn leads to increased and sustained
production of IL6 upon TLR stimulation (Shah et al., 2012). This is an interesting
finding in light of the fact that IL6 is an important immediate but usually transiently
expressed inflammation mediator whose continued expression has pathological
effects on chronic inflammation (Tanada et al., 2014). This could in turn explain why

rs5743899 G allele was found to correlate with increased inflammatory responses, but
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lower levels of anti-viral gene (IFN-A1) expression in response to in vitro viral
infection among asthmatic subjects (Huang et al., 2016). In fact, this could represent
a similar effect to the observed in our healthy population, as we found that these
individuals resist better to infection (possibly due to higher TLR mediated capacity to
fight the virus before cellular infection) but have higher viral titres (due to more

ineffective immunological responses lacking the action of antiviral genes as IFN-A1).

50



5. CONCLUSION

The results here described support the hypothesis that some immunological system
related gene polymorphisms may be among the factors influencing the individual
differential susceptibility to rhinovirus infection, in particular the capacity to remain virus
free for long periods of time. The present results support such a role for the TOLLIP
rs5743899 polymorphism, with the G allele presenting as a factor decreasing likelihood
of rhinovirus nostril detection. It must however be stressed that even with the incomplete
data here described (33/89 TOLLIP typed individuals) the G allele is not a magic bullet.
In fact, most of the individuals harbouring a G allele did show positive rhinovirus
samples, and in these individuals, the rhinovirus titres are high. Thus, it seems that
although TOLLIP G+ individuals seem to resist more efficiently rhinovirus infection,
once the infection is established in these individuals, rhinovirus titre seems to be higher
than among TOLLIP G- individuals. This allele is thus not a definite protection for
rhinovirus, but rather seems to decrease rhinovirus associated risk for infection, although
it could be associated with a poorer response to the infection once it is established. This
Is in agreement with previous work showing that the lower expression of TOLLIP
observed among rs5743899 G allele carriers is associated with higher TLR2 mediated
signalling (a crucial receptor for RHV capsid identification prior to viral entry into cells),
but lower expression of viral response immunological genes such as IFN-A1 once

infection is established.

No influence of the IL1B rs16944 polymorphism on the rhinovirus nostril presence was

detected in the present study.

The present results should nevertheless be looked upon with some degree of caution due

to the low number of patients this far typed (33/89 for TOLLIP and 48/89 for IL1B). This
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fact, together with the low number of individuals (5) typed for TOLLIP that never tested
positive for rhinovirus suggests that the present results should be confirmed by extending
the study to the remainder of the available voluntaries, and to the voluntaries of a previous

proof-of-concept pilot study that the group performed in 2009.
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