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Abstract:

Objectives

Mycobacterium tuberculosis (Mtb) is the causative pathogen of tuberculosis (TB).
TB vaccine studies have lorﬁeen conducted. Since the discovery of the successful
intradermally administered Mycobacterium bovis Bacillus Calmette—Guérin (BCG)
vaccine against TB, no licensed TB mucosal vaccine has yet been approved. Our
research aims to investigate the suitability of human NALT-derived MNCs as an in
vitro human cell culture model to explore the mucosal humoral immune responses
the BCG vaccine. Moreover, to assure that BCG vaccine able to induce the different
antibody isotypes including IgG, IgM and IgA.

Methods

Tomnsils from 20 patients who underwent elective tonsillectomies at Madinah Germany
Hospital were recruited. Tonsillar mononuclear cells (MNCs) were separated and co-
cultured in the presence and absence of the BCG vaccine. ELISA was used to
measure BCG-induced IgG, IgM and IgA antibodies in the cell culture supernatants
following stimulation and culture.

Results

Nasal-associated lymphoid tissue (NALT) cell culture as an in vitro model was

successfully used to evalugie the BCG-induced humoral immune response. Significant
(p=0.001, n=20) levels of specific, anti-TB IgG, IgM, and IgA antibody responses
were detected in MNCs stimulated with the BCG vaccine compared with

unstimulated MNCs. Significant differences were found between anti-TB antibody
classes. Anti-TB IgG antibody was significantly higher (mean=2.33) than anti-TB
IgM (mean=1.37) antibody (p=0.0001,n=20). Anti-TB IgM antibody was
significantly higher than IgA (mean=0.93) antibody (p=0.0018,n=20).




Conclusions

The current human model will be beneficial for the future comprehensive study of
other immune components such as cellular immune responses to the BCG vaccine.
The model would be ideal to design, improve and study the possible intranasal use of
the BCG vaccine.
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Lintroduction

TB is one of the top 10 causes of death globally. The BCG vaccine protects children

against extrapulmonary TB, but it displays inconsistent protection against the disease
in adults(Gopalaswamy & Subbian, 2022; Romano & Huygen, 2012) .

An estimated of 25% of the worldwide population has been infected with Mtb and is
at risk of developing TB .(Houben & Dodd, 2016) The TB prevalence in Saudi Arabia
expected to reach about 14/100,000(Al Qurainees & Tufenkeji, 2016) .

Mucosal immunity is a vital element of the immune system (Kiyono & Fukuyama,
2004) . Of the numerous mucosal control sites, the nasal cavity is one of the most
remarkable. It contains very large epithelial layers with a massive surface area that
can be used for vaccine delivery (Kang etal., 2013) NALT embedded in the nasal
submucosa, is believed to be the essential inductive site for immune responses to
na infections and nasal vaccinations. NALT is an essential immune component
for mucosal and systemic immunity against upper respiratory, tract pathogens
(Beniova et al., 2014; Kiyono & Fukuyama, 2004). It plays a major role in immune
protection against several respirafory infections (Tamura & Kurata, 2004). Studies
have shown that tonsils, as part of the mucosal immune system, comprise

Do dominantly B cells (nearly 65% of tonsillar tissue), in addition to approximately
30% CD34 T cells and roughly 5% macrophages. The T cells are mainly CD4+
(Boyaka et al., 2000; Sada-Ovalle etal., 2012).

New studies have focused on developing mucosal vaccines, such as intranasal
vaccines, targeting respiratory tract infections (Lycke, 2012) . One study
experimentally demonstrated in mice that airway vaccination triggered greater
efficacy than routine parenteral administration of the BCG immunisation (Kaveh et
al., 2020) . A century since we began using BCG, it remains the only clinically
permitted TB vaccine, but little is known about BCG-induced protective immunity
mechanisms. Thus, investigating the immunological interactions of the BCG vaccine
might reveal its link to immunity against TB. Therefore, much research remains to

enable a workable design and develop new TB vaccines.

In the last several decades, extensive work has been performed towards developing
novel TB vaccine candidates (Schrager et al., 2020) . However, most of these

vaccines were proposed to be administered parenterally, which provokes weak




respiratory mucosal immunity (Jeyanathan et al., 2018) . Therefore, designing a novel

mucosally administered TB vaccine that mimics the natural route of TB infection is

important.

Cell lines are frequently used to investigate the pathogenesis of respiratory viruses.
They originate from animals (Kaye, 2006) . However, no human mucosally derived
cells have been used to investigate immunological interactions of the current
authorised BCG vaccine. Thus, this study used a human NALT-derived cell culture
model of tonsillar USE as an alternative to the currently used cell lines to examine
the humoral immune response to the BCG vaccine. To develop this cell culture
model, we isolated a single-cell suspension from fresh NALT derived from tonsillar
tissues and measured the tendency of NALT-derived lymphocytes ﬁroduce specific
IgG, IgM, and IgA antbodies following BCG vaccine stimulation. We used enzyme-
linked immunosorbent assay (ELISA) to detect the induced antibody in cell culture

supematants.
2.Materials and methods
2.1 Inclusion and exclusion chriteria

Patients who experienced snoring or obstructive sleep apnea were included in this
study. Patients with recurrent tonsillitis were excluded. Patients with any history of

immune suppression were also excluded.
2.2 Tonsillar samples and isolation of tonsillar mononuclear cells

Twenty patients who underwent an elective tonsillectomy_at the ear, nose, and throat
department at Madinah, Saudi Arabia, were recruited for this study. Signed informed
consent was taken from all adult patients and the parents of child patients. Following
the operation, the tonsils were immediately retained in HANKS transport medium
(Sigma-Aldrich).

Cell suspensions were performed using a previous procedure (W. H. Mahallawi & T.
M. Aljeraisi, 2021) . In brief, tonsils were processed within one hour of surgery. After
adding 5 mL of RPMI complete medium (RP 1640 medium,Sigma-Aldrich), the
tissues were minced and checked completely. The cell suspension was then passed
through a 70-pmnylon mesh. M were then isolated using Ficoll-Paque (Premium
GE Healthcare, United Kingdom) gradient centrifugation (400 x g for 30 minutes).




The MNCs then washed twice in PBS and resuspended in 5 mL of RPMI complete

medium for culture with and without the BCG vaccine.

2.3 BCG vaccine

The BCG vaccine is a live freeze-dried vaccine containing an attenuat ain of

Mtb. According to the manufacturer, each 0.1 mL contains between 2x10° and 8x103
cell-forming units (CFU; Serum Institute of India Pvt. Ltd). After reconstitution, we
used serial dilutions to reach the optimal vaccine concentration for cell stimulation

and ELISA.

2.4 Cell culture and stimulation for antibody production

Following the isolation of MNCs, we adjusted the cell concentration to 4x10°

cells/mL.. MNCs were then co-cultured in RPMI complete medium after adding the
BCG vaccine, and unstimulated MNCs were used as a negative control. Different
BCG vaccine concentrations were used to stimulate lymphocytes. We transferred 250
pL of each MNC suspension and cultured them in a sterile 96-well cell culture plate
(Costar). We gled 10 L. of BCG vaccine per and the plate was then placed in
the incubator in a 5% COa atmosphere at 37 °C. Cell culture supernatants were
collected after 10 days and stored at —70 °C until analysis.

2.5 Positive and negative controls

For specificity and sensitivity purposes, we used leftover serum samples from BCG-
unvaccinated newboms (n=7) as negative controls. We also used serum samples from
adults (n=10) who had received the BCG vaccine, taking the presence of scars as a

confirmation of having received it.

2.6 Enzyme-linked immunosorbent assay

We us previously described ELISA method with some modifications (Mahallawi,
2020) . In brief, in a 96-well ELISA plate (Costar; Coming, NY, USA), we varied the
BCG vaccine coating with different concentrations to reach the optimal concentration.

found that 10 ul/mL was the optimal concentration. Following that, 100 uL/well
was added to the plate, which was then covered and kept overnight at4 °C. The

contents of that plate were discarded into a bucket containing 1% Virkon, and the




plate was washed five times with washing bufter (PBS containing 0.05% Tween-20;

Sigma-Aldrich, St. Louis, MO, USA). The plate was then blocked by adding 150
pul/well of blocking buffer (PBS containing 0.05% fetal bovine serum; Sigma-
Aldrich) for 1 houg,at room temperature. Cell culture supernatant samples were
diluted at 1:5, and serum samples were diluted at 1:100 with blocking buffer.
Following sample dilutions, 100 ul. was added tqgach well. One well was left
without adding any samples and used as a blank. Alkaline phosphatase—conjugated
goat anti-human IgG, IgM and IgA (secondary antbodies; SigmggzAldrich) were
prepared at 1:1,000, 12,000 and hl,OOO, respectively, and then 100 uL. of each was
added to all wells. The plate was incubated atroom temperature for 30 minutes, then
washed five times with washing buffer. Next, 100 uL/well of p-NEP, (Sigma-Aldrich)
was added. The plate was kept in the dark until colour developed. After 30 minutes,
100 pL. of stopping solution (1.2 N sodium hydroxide; Reagecon, UK) was added.
The optical density at 450 nm (ODas0) was measured. nk reading was subtracted
from all the readings to eliminate the plate background. The sample was defined as
positive if the ODaso value was three standard deviations (SDs) above the mean value

of the negative controls.

The study was approved by the Taibah University Ethical Committee (IRB No. MLT

2021080).
1
2.7 Statistical analysis

All calculations and statistical analyseawere performed using GraphPad Prism
statistical software (version 9, USA). Data are expressed as the mean + SD.
Comparisons between two groups were performed using Student’s 7-test, and p<0.05

was considered significant.
3.Results

3.1 Participant demography

A total of 20 participants were included in the study,0f whom 47.6% (n=12) were

adults. The mean age for children was 8.59 +3.95 years, and the mean age for adults
was 25.0 + 6.20 years. Overall, 62% of the sample were male.




3.2 Measurment of BCG vaccine-induced mucosal humoral immunity of tonsillar

MNCs

To evalate the tendency of the BCG vaccine to induce a humoral immune response

in NALT-derived MNCs, we stimulated the cells with the vaccine. Different vaccine
concentrations were used to reach the optimal concentration, which was 10 ul.
Additionally, cell culture supernatants were collected and tested using ELISA. As
expected, the BCG vaccine was immunogenic to stimulate mucosal immunity in
NALT MNCs. This is the first human in vitro cell culture model to be used
successfully to evaluate thg, BCG-induced humoral immune response. Significant
(p<0.001, n=20) levels of specific, anti-TB IgG, IgM and IgA antibody responses
were detected in MNCs stimulated with the BCG vaccine compared with
unstimulated MNCs (Figure 1). Our result supports the future use of this model for
further immunological studies using NALT MNCs.
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Figure 1: Diffe rences between BCG-induced antibody classes with ne gative control.
Significant differences existed between anti-TB 1gG, IgM and IgA antibodies in MNCs
stimulated induced by BCG versus unstimulated negative control (NC) (p<0.0001, n=20).

Lines on the figure represent mean with SD.




3.3 Comparison between mucosally BCG-induced MNCs of different antibody classes

Following the stimulation of tonsillar MNCs, we measured BCG-induced anti-TB
IgG, IgM and IgA antibodies using ELISA. BCG induced a strong humoral immune
response in the NALT cell culture model. Significant differences were found between
anti-TB antibody classes. Anti-TB IgG antibody was significantly higher
(mean=2.33)than anti-TB IgM (mean=1.37) antibody (p<0.0001, n=20). Anii-TB IgM
antibody was significantly higher than IgA (mean=0.93) antibody (p=0.0018, n=20;
Figure 2).

BCG

E 47
=
§ , <0.0001 , 0.0018 |
® I T 1
4
03] eee
dl
1] ole
‘S
: o
EZ_ .._t.c i 4 IgM
K= [ ]
§ T* s ¢ loA
£ 'y ¥y +
g 1 Miu 0_{‘3
3 1.
3 +*
&
E n
<0 T T T

1gG Igm IgA

Figure 2: Comparis on between B CG-induced antibody classes. Significant differences

existed between anti-TB antibody classes. Lines on the figure represent meanwith SD.




4, Discussion

Tuberculosis , caused by Mycobacterium tuberculosis , stands a lethal infectious
diseas(Goud et al., 2020) . The respiratory mucosal surfaces are the primary route of
defence against many pathogens. Mucosal immunisation is a greatly favourable
approach for vaccination against several pathogens, particularly those entering across
the respiratory mucosa, such as Mtb (Troy et al., 2020) . A recent st showed an
encouraging TB immunisation method consisting of the current BCG parenteral
priming followed by intrapulmonary mucosal vaccination with the TB subunit
vaccing. It led to the stimulation of local pulmonary-localised, subunit-specific T cells
in addition to aqtcmic and lung mucosal IgA responses. This may have significant
consequences for the design of mucosal vaccines proposed for safe airway

administration (Thakur et al., 2020) .

We investigated the suitability of the BCG vaccine to elicit a nucosal humoral

immune response in tonsillar MNCs. The human upper respiratory tract comprises
multiple lymphoid tissues, including draining lymph nodes and NALT(Pizzolla et al.,
2017) . Therefore, our investigation exploring the BCG vaccine’s immunogenicity at
this mucosal immune compartment is of great interest. Intranasal vaccines primarily
mimic the natural route of h]fcctiw of respiratory pathogens. This is a much more

appropriate route of vaccination against respiratory viruses, such as influenza and

SARS-CoV-2 (Shim et al., 2020; Takaki et al., 2018) .

Our study showed that the BCG vaccine induced a strong mucosal humoral immune

response in the NALT model. We found significant differences between anti-TB
antibody classes. The anti-TB IgG antibody level was significantly higher
(mean=2.33) than anti-TB IgM (mean=1.37) antbody (p<0.0001). Anti-TB IgM
antibody was significantly higher than IgA (mean=1.37 vs 0.93) antibody (p=0.0018).
Our findings emphasise that this human in vitro cell culture model was successfully

established to investigate BCG immunogenicity to provoke different anti-TB antibody

classes following stimulation.

The role of the humoral immune system in TB control is unclear. In humans, Mtb

infection provokes Mtb-specific IgA and IgG antibodies in bronchoalveolar lavage
fluid, although their exact role and degree of interaction with the infection remain

undiscovered, especially at the level of mucosal immunity(Morrison & McShane,




2021) _Therefore, vaccine delivery via respiratory paths has been revealed to provoke
strong mucosal irElunc mechanisms that can be associated across species. It has
shown increased antigen-specific cellular and humoral immune responses compared

with peripheral blood delivery (Riste etal., 2021) .

One study revealed that a B-cell deficit results in decreased recruitment of

neutrophils, macrophages and CD8* T cells to the lungs as a result of TB infection,
proposing that B cells might impact the cell structure here by controlling
chemokines and adhesion molecules (Bosio et al., 2000; Troy etal., 2020) .
Additionally, arecent study verified that B-cell-deficient mice showed greater
vulnerability to TB infection and worse disease. Early B-cell reduction in infected

non-human primates modifies T-cell cytokine responses and results in increased
bacterial loads in the lungs (Linge et al., 2023) .

Intranasal vaccination is reportedly a successful way to stimulate the respiratory
immune system(Chin-ichi Tamura 2004) . Studies have revealed that many B cells
exist in the tonsils (Passali etal., 2003) . In addition, CD4* cells are a major
constituent of tonsillar tissues, whereas smaller proportions of CD8* cells aa‘ound
here (Bernstein, 1999). Moreover, mucosal vaccination has been presented fo induce
humoral as well as cell-mediated antigen-specific immune responses . ASQ extra
advantage, nasal vaccination needs a smaller antigen volume to stimulate antigen-

specific mucosal and systemic immune responses compared to that used in

parenterally administered vaccines (Gwinn et al., 2010).

Our finding of higher anti-TB IgG antibody levels compared with IgM and IgA
isotypes is aligned with an earlier report that found B cells of the IgG isotype were
predominant in tonsillar tissues, while B cells of the [gM and IgA isotypes were less
common (Edwards et al., 1986) . In our previous work, we showed that MNCs
stimulated with SARS-CoV-2 spike protein primed a strong memory B cell-mediated
immune response in NALT from individuals previously exposed to the vius (Waleed
H. Mahallawi & Talal M. Aljeraisi, 2021) . Thus, local mucosal sites such as tonsils
retain a massive memory immune response that is triggered upon re-exposure via
infection or vaccination. Therefore, relying on the promising mucosal vaccination for

TB would be beneficial for ease of use and prolonged immunity.




To the best of our knowledge, this is the first study to investigate the suitability of

human NALT-derived MNCs as an in vitro human cell culture model to explore the
mucosal humoral immune response to the BCG vaccine. Therefore, the current study
would contribute and add lots for researchers to deeply investigate other immune
response such as cellular immunity to BCG using this model. Moreover, it could be
useful to perform some functional antibody studies on the BCG-derived antibody.

Our study has several limitations. First, we did not examine the cellular immune
response following BCG vaccine stimulation. Additionally, we did not test the BCG
vaccine with added adjuvants, such as CpG, which have been shown in previous
studies to induce a stronger and more prolonged immune response (Aichinger etal.,
2011). Consequently, all our limitations could be future recommendations for further

investigations.
5. Conclusions

This study highlights the significance of producing immune responses in the confined
mucosal setting using the BCG vaccine. Moreover, it presents the immunological
interaction in NALT-derived MNCs, which may have implications for future vaccine

investigation.
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