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ABSTRACT

Objectives: The pandemic HI1N1 influenza A virus is considered one of the main causes of outbreaks of respiratory
infection among humankind. Resident immune cells in the mucosal sites of the respiratory tract maintain an
appropriate balance between protection and disease. Our research aims in the current study to investigate a
profile of cytokines production, including TNF-a, IL-4, IFN-y, IL-17A, IL-10, and IL-2, following stimulation of
tonsillar MNCs using pH1N1 (A/California/04,/2009 strain).

Methods: Patients who underwent tonsillectomy because of snoring and obstructive sleep apnoea (n = 31) were
recruited in the current pilot study. Tonsillar monocular cells (MNCs) were isolated and then stimulated using the
HINI1 viral antigen of the A/California/04/2009 strain. A BD™ Cytometric Bead Array Experiment (CBA)
method was utilized to analyze different target pro-inflammatory cytokine markers in the cell-culture super-
natants of HIN1-stimulated MNCs. The cytokine profiles comprise TNF-a, IL-4, IFN-y, IL-17A, IL-10, and IL-2.
Results: A noticeable pro-inflammatory Th-1 and Th-17 response was seen in HIN1-stimulated MNCs, with
significantly increased concentrations of IFN-y, IL-10, and IL-17A compared to un-stimulated controls (p-value
less than 0.001, and 0.01, respectively). TNF-a, IL-4, and IL-2 levels presented no significant differences between
H1N1-stimulated MNCs compared to un-stimulated controls (P > 0.05). The results demonstrate a marked Th-1
and Th-17 cytokine response following stimulation of MNCs with the HI1N1 viral antigen.

Conclusions: Stimulation of MNCs using pH1N1 viral antigen presented the vital role of T-cells in mucosal im-
munity against pHIN1 and its importance when considering designing and developing intranasal vaccine can-
didates that can trigger cellular in addition to humoral immune responses.

1. Introduction

infection and cause a severe outbreak, particularly among younger age
groups. Several research reports found that in elderly persons (aged 75

Influenza is known as a human-transmittable infectious respiratory
illness that is caused by either influenza A or B viruses. According to the
WHO (2023), influenza viruses are responsible for causing seasonal
epidemics and sporadic pandemic illnesses that have affected the social
lives of many individuals across the globe. The incidence of novel var-
iants of the influenza virus systematically poses significant challenges
and a health threat to both scientific communities and public health
systems across the world. In 2009, the initial influenza virus pandemic
was caused by a new HIN1 influenza A virus (2009 H1N1) reassortant
that was formerly flowing in pigs (Smith et al., 2009). The human sea-
sonal and pandemic HIN1 influenza A virus was responsible for causing
infectious disease in different age groups and was able to spread the

* Corresponding author.

years and over), there was noticeably lower influenza virus-associated
respiratory cases percentage compared with people of younger age
(Simonsen et al., 1998). Additionally, evidence of the detection of pre-
existing immune responses to investigated influenza viruses has been
obtained from the age-adjusted mortality rates. Individuals who exam-
ined influenza viruses among elderly people (>75 years) presented an
influenza/pneumonia-related lower respiratory tract infection rate in
1918 than the pre-pandemic period between 1911 and 1917 (Tau-
benberger & Morens, 2006). Seasonal epidemics of influenza A and
influenza B viruses cause the main load of disease in humans. Besides
seasonal epidemics, the development of influenza A viruses from
whichever avian or swine inhabitants has produced four pandemics
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since 1918, with those viruses next developing seasonal epidemic strains
in the following years (Mahallawi et al., 2020) (Jiao et al., 2023; Wan
et al., 2023).

Several infectious agents, such as respiratory viral, bacterial, and
other pathogens, target cells that coat the airways and can cause direct
damage to barrier sites and generate inflammation-associated tissue
damage. Certainly, respiratory pathogens remain a noticeable source of
worldwide mortality (Mettelman et al., 2022).

Every cell type, either tissue-resident or recruited, yields a sensibly
coordinated equilibrium of inflammatory and chemotactic cytokines
such as TNF-q, and IL-6, and immune-regulatory factors such as IL-10
and TGF-p in a determination to fight and eradicate pathogens devoid
of severe inflammation (Ho et al., 2011). Due to the risk of infection
from inhaled air particles that are prone to carrying pathogens during
the process of inspiration, the mucosal immune system is critical to
protection against respiratory pathogens (Amersfoort et al., 2022;
Waleed H. Mahallawi & Talal M. Aljeraisi, 2021). Resident immune cells
in the mucosal sites of the respiratory tract maintain an appropriate
balance between protection and disease, as they should continuously
clear and remove inhaled contaminated air particles and quickly counter
microbes via the much-synchronized enrolment of definite innate in
addition to adaptive leukocytes (Holt et al., 2008).

We aimed in the current study to investigate a profile of cytokine
production, including TNF-a, IL-4, IFN-y, IL-17A, IL-10, and IL-2,
following stimulation of tonsillar MNCs using pHIN1 (A/California/
04/2009 strain).

2. Materials and methods
2.1. Influenza antigens

Influenza antigen (pH1N1) used for tonsillar MNCs stimulation was
B-propiolactone inactivated (p-PLI), whole virus antigens of pHIN1
(partially purified) and were commercially ordered from the (NIBSC)
and isolated from strain of influenza A virus-A/California/04,/2009.

2.2. Tonsillar samples

Thirty-one human tonsils were collected after elective tonsillectomy
from patients who had been diagnosed with tonsillitis and snoring.
Those tonsils were obtained from the ENT department at Madinah Saudi
German Hospital in the Kingdom of Saudi Arabia and recruited for this
study. Participants with recurrent tonsillitis or with any history of im-
mune suppression were excluded.

2.3. Isolation of tonsillar MNCs

Cell suspensions were prepared using the prior method with minor
modifications. (W. H. Mahallawi & T. M. Aljeraisi, 2021) In brief, tonsils
were processed within one hour of surgery. After adding 5 mL of cell-
culture media (RPMI-1640) (Sigma-Aldrich), the tissues were minced.
A 70-pm, sterile cell strainer mesh was used to rinse the cell suspension
after adding it using a 5 mL sterile graduated dropper. MNCs were then
isolated using Ficoll-Paque. Sterile phosphate-buffered saline (PBS) was
used to wash MNCs and the washed cells were immediately re-
suspended in a centrifugal tube containing 5 mL of RPMI-1640
(Mahallawi & Aljeraisi, 2021a, 2021b).

2.4. Cell culture and stimulation

Following the isolation of MNCs, we adjusted the cell concentration
to 4 x 10° cells/mL. With minor modifications, our previous method
used (Mahallawi & Khabour, 2024). Briefly, MNCs were then co-
cultured in RPMI-1640 complete medium after adding the optimal
vaccine concentration at 10 pL/mL, and un-stimulated MNCs were used
as a control. 250 pL of stimulated and unstimulated MNCs were added to
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selected wells of the cell-culture plate (Costar). The cell-culture-treated
plate was then placed in the incubator (5 % COy atmosphere at 37 °C).
The stimulated and unstimulated supernatants were gathered on the
third day and directly kept in the freezer at —20 °C, for further analysis.

2.5. Cytokines beads Array

The BD™ CBA was performed to measure multi-target cytokines.
(https://www.bdbiosciences.com/en-us/products/reagents/immun
oassay-reagents/cba/cba-kits/human-th1-th2-th17-cba-kit.560484).
The BD™ CBA (San Jose, CA), CBA Human Th-1/Th-2/Th-17 Pro-in-
flammatory Cytokine Kit was utilized to quantify several cytokine pro-
files such as TNF-q, IL-4, IL-17A, IFN-y, IL-10, and IL-2. Kit performance
was manually optimized for the measurement of generating cytokine
marker concentrations (pg/mL) in stimulated and un-stimulated cell-
culture supernatants. Tonsillar MNCs were stimulated with the A/Cali-
fornia/04/2009 strain, and then the armed effector T-cells were exam-
ined in the cell supernatants for detecting the existence of Th-1, Th-2,
and Th-17 and the expression of their target pro-inflammatory cytokine
markers. The capture bead-based immunoassays in the CBA kit have
been performed and labelled with conjugated specific antibodies. A
mixture of phycoerythrin (PE)-conjugated antibodies (the detection re-
agent) was provided in the kit. It uses fluorescent dyes for fluorescent
staining and was used to produce a fluorescent signal to determine the
amount of each analyte in the cell-culture supernatants.

2.6. Statistical data analysis

Calculations and statistical data analyses were achieved by using
GraphPad Prism Statistical 5.0. software (GraphPad Software, USA). The
analyzed data were stated as the mean + SD. Comparisons between two
age groups were conducted, and a Student’s t-test was used. A p-value
less than 0.05 was judged as significant.

3. Results
3.1. Infection with pHIN1 virus elicits a type-II interferon response

A BD™ CBA assay was performed to measure the secretion of cyto-
kine profiles (e.g., IFN-y) in cell-culture supernatants following the
stimulation of tonsillar MNCs with pHINI1 influenza virus antigen.
Stimulation of MNCs with pHIN1 virus antigen-induced significant
mucosal [FN-y production in tonsillar MNCs compared to un-stimulated

P<0.001
2000+
— A:Unstimulated
P<0.001 B: pH1IN1(NIBSC)
1500 —

1000+

P<0.01
0

Concentration (pg/ml)

IFN-y TNF-a IL-10 IL-4 IL-2

Cytokines profile

Fig. 1. Cytokines markers expression in tonsillar MNCs following the stimu-
lation with 2009 pH1N1 virus antigen. Tonsillar MNCs were prepared, and cell-
culture supernatants were stimulated with the 2009 pH1IN1 influenza virus
antigen. The production of numerous types of cytokines markers such as TNF-a,
IL-4, IFN-y, IL-17A, IL-10, and IL-2, were analyzed utilizing CBA immune assay.
The high production of IL-10, IFN-y, and IL-17A was identified and results were
compared with un-stimulated control (n = 31). Mean =+ SD are presented as (p-
value was lower than 0.001 and 0.01, respectively).
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control (Fig. 1, p < 0.001, n = 31). IFN-y is an effector cytokine that
belongs to type II interferon, and it is formed by numerous immune cell
types, such as CD4 Th-1 cells, natural killer cells (NKs), and CD8"
cytotoxic T-cells. IFN-y plays a crucial role by interfering with viral
replication and shows imperative roles in acquired as well as innate
immunity (Castro et al., 2018).

3.2. Th-17 cytokine is associated with infection with pHIN1 virus antigen

Cell-culture supernatants were analysed using a BD™ CBA assay to
measure the expression of cytokine markers following tonsillar MNCs
stimulation with the pH1N1 influenza virus. Significant mucosal IL-17A
concentrations were observed following the stimulation of MNCs with
the pH1IN1 virus compared with the unstimulated control (see Fig. 1, p
< 0.01, n = 31). IL-17 is a cytokine made by T-helper cells, and it is
known as a hallmark molecule of Th-17 cells. It is secreted in response to
STAT3 as well as NF-kB signaling pathways (Ge et al., 2020; Manni et al.,
2014). This result suggests that the pHIN1 virus in humans triggers a
Th-17 pro-inflammatory cytokine. Also, there were no significant con-
centrations of IL-2, TNF-a, and IL-4 in stimulated cell-culture superna-
tants compared with the unstimulated control (p < 0.05).

3.3. pHIN1 virus induces the expression of IL-10

To investigate the capability of pH1N1 virus antigen to induce IL-10,
a CBA assay was conducted to quantify the IL-10 secretion in stimulated
and un-stimulated cell-culture supernatants of tonsillar MNCs with 2009
pH1N1 virus protein. Interestingly, the use of the 2009 pHIN1 virus
protein to stimulate cells was able to induce and increase significant
mucosal secretions of IL-10 in tonsillar MNCs compared to the unsti-
mulated control (Fig. 1, p < 0.001, n = 31). IL-10 is a vital cytokine that
is essential in regulating pro-inflammatory responses. IL-10 is one of the
class II cytokines and has a key anti-inflammatory consequence medi-
ated through the JAK-STAT pathway (Carey et al., 2012; Renauld,
2003).

4. Discussion

Human adenotonsillar organs form the foremost part of
nasopharyngeal-associated lymphoid tissue (NALT) or Waldeyer’s ring
and are known to be functionally connected with the nasopharyngeal-
associated lymphoreticular tissues of rodents and other kinds, and
they are accounted for as secondary immune organs (Aljeraisi et al.,
2023; Brombacher et al., 2003; Komorowska et al., 2005; Mahallawi &
Khabour, 2024).

In the adenotonsillar-derived lymphoid tissue, B-lymphocytes share
about seventy percent of the entire lymphocyte population (Mahallawi
& Zhang, 2023), whereas the residual lymphocytes involve both T
lymphocytes and plasma cells (Brandtzaeg, 2011). Amongst T lympho-
cytes, Th cells show important roles in immune defense upon their
capability to activate B cells to yield antibodies in addition to employing
different leukocytes to locations of infection plus inflammation (Morris
et al., 2016). It has been shown that Th cells are able to segregate into
parallel sorts of effector CD4™ T cells (Th-17, Th-2, and Th-1) subgroups
to defend against diverse types of pathogens by stimulating the creation
of diverse cytokines that can work as immune effectors to abolish
infected cells (Mahallawi et al., 2018; Zhang et al., 2011).

The current study shows that significant levels of IL-17A were
identified in the cell-culture supernatants following stimulation with
pH1NI. It has been observed that children with higher IL-17 levels in
response to the carriage of pneumococcal could display a raised capa-
bility to clear mucosal carriage (Huang et al., 2018). Therefore, induc-
tion of IL-17A at the mucosal sites is critical to defending against
respiratory pathogens such as influenza viruses, in addition to helping in
the eradication of pathogenic bacterial colonization (Gray et al., 2014).
Consequently, describing the role of IL-17A and its related immune
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pathway to different pathogens is vital to investigating, designing,
executing, and modifying management strategies for efficaciously
treating and preventing these infectious diseases (Khan & Pichichero,
2014).

Th-17 cell stimulation results in the expression of chemokine re-
ceptors (i.e., CCR4, CCR6) that enable their movement to inflammatory
sites at mucosal sites (Weaver et al., 2013). Along with IL-17A, IL-17F,
and even IFN-y, the Th-17 pathway is able to help cells that express IL-
22, which targets the mucosal site of the epithelium for advanced barrier
character (Sonnenberg et al., 2011). Therefore, the result proves that
MNCs stimulation with pH1N1 virus antigen would be of great advan-
tage in considering the important role of mucosal immunity in
combating influenza viruses. Consequently, focusing on developing
influenza vaccines that are administered via mucosal sites, such as
intranasal routes, will be beneficial.

The activation of CD4" T helper cells (the central-memory cells) in
the human tonsils by either flu vaccines or natural infection results in the
formation of CD4" T-cells (the effector-memory cells) that are consid-
ered the initial source of releasing IFN-y (Sallusto et al., 1999). It was
proposed that the secreted effector-memory CD4" T-cells be moved to-
ward the mucosal tissues to fight infection. These migrations lead to the
secretion of IFN-y, which is vigorously involved in the immune response
to influenza virus infection. They have been proven that tonsillar MNCs
contain huge numbers of cell-secreting IFN-y, which are crucial at the
mucosal surfaces of the aerodigestive tract and are important for both
innate and adaptive immune responses (Bhaskaran et al., 2021; Kang
et al., 2004). However, the cellular immune response in the tonsillar
tissues is stronger than the humoral immune response (Komorowska
et al.,, 2005; Seethaler et al., 2020). Our study found that the 2009
pH1N1 virus protein was able to stimulate tonsillar MNCs and express a
significant amount of IFN-y. This may be a result of the activation of
central-memory CD4" T-cells in the human tonsils, which diverts to
effector-memory CD4" T-cells to secrete a high amount of IFN-y.
Therefore, the existence of effector-memory CD4" T-cells at the site of
infection may be vigorously involved in the immune system response
against influenza virus infection.

Following the activation of T-cells, CD4" naive T cells develop into
two functional helper T-cells, Th-1 and Th-2, based on their release of
cytokine markers, mainly IL-4 and IFN-y. Th-1 cells play a key function
by protecting against a diverse range of intracellular pathogens, whereas
Th-2 cells are responsible for protecting against extracellular microbes
(Seder & Ahmed, 2003). Th-1 cells are categorized by producing large
amounts (IFN-y) markers and small volumes (IL-4) molecules. CD4" T
cells play a critical function in the enhancement of antigen-specific T-
cells and regulation of effector-memory T-cells (Tgy cells) immunity.

IFN-y is a pro-inflammatory factor, that plays a vital role in defense
against influenza virus infection, in particular at the nasal mucosa sur-
face (McKinstry et al., 2010). A study by Guthrie has reported that IFN-y
was highly produced in tonsil tissues following stimulation with influ-
enza virus proteins, which were almost three times higher than IFN-y
molecules expression in PBMCs. These findings can indicate the essential
functional role of activation of IFN-y markers in human nasal mucosal
tissues at the upper respiratory tract in protection against influenza virus
infection. They also observed that there was high expression of IFN-y by
Th-1 cells, which dominated the production of IFN-y by Th-2 in the nasal
mucosal tissues when stimulated cells with influenza virus antigens
(Guthrie et al., 2004). While several investigations support Th-1 cells
and IFN-y as inhibitors of Th-2-type responses, further research dem-
onstrates that Th-1 cells enrich inflammation and do not enhance dis-
ease. The pro-inflammatory properties of Th-1 cells are maintained by
the linkage of viral respiratory infections, which is likely to persuade Th-
1 responses in addition to the worsening of symptoms in patients with
lung diseases such as asthma (Ibitokou et al., 2023; Yuan et al., 2023;
Zhou et al., 2023).

The current study found that there are no significant differences in
the production of IL-4 by Th-2 cells in human tonsillar MNCs following
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stimulation with the 2009 pH1N1 virus protein. This result is different
from the substantial secretion of high IFN-y levels. These results propose
that the 2009 pH1N1 protein was able to enhance a predominant Th-1
cytokine immune response.

This study also found that pHIN1 virus antigen induced a massive
amount of mucosally derived IL-10 and was the highest among all sig-
nificant cytokines. It has to be highlighted that IL-10, a “cytokine syn-
thesis inhibiting factor” (CSIF), is a powerful cytokine molecule with
specific anti-inflammatory activity, commonly formed by subgroups of
T-cells such as Treg and Th-2 (Bant et al., 2022). It is also vital to stress
that a different T cell population generates huge quantities of IL-10 and
powerfully inhibits the immune response in human nasopharyngeal-
associated lymphoreticular tissues (Sumitomo et al., 2017). It has been
recently designated the presence of IL-10, one in which the cells act in
the course of chronic viral infection in mice (Xin et al., 2018) and in
which they exist in human tonsils (Canete et al., 2019). IL-10 is known as
a major immunomodulatory cytokine, and it plays a crucial role in the
termination of infectious agents as well as regulating adaptive immune
responses. The regulation of cellular immunity is critical for the pro-
tection of host cells against lethal influenza virus infection and, simul-
taneously, preventing the excessive inflammation of human tissues
(Kingsley et al., 2002).

5. Conclusions

Overall, the results demonstrate a marked Th-1 and Th-17 cytokine
response following stimulation of MNCs with the HIN1 viral antigen.
Stimulation of MNCs using pH1N1 viral antigen presented the vital role
of T-cells in mucosal immunity against influenza virus. Its importance
increases when considering designing and developing intranasal vaccine
candidates that are able to trigger cellular and humoral immune
responses.
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