Human peripheral blood mononuclear cells (PBMC) as
experimental model for basic and traslation research in
the immunology of infectious diseases.

Eliana Coccia
Dipartimento Malattie Infettive
Istituto Superiore di Sanita
eliana.coccia@iss.it

Facolta di Farmacia e Medicina - CLM Biotecnologie mediche
«Presentazione opportunita tesi», 9 Marzo 2023



PBMC-based experimental model: one model, many cell types, multiple approaches
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A peripheral blood mononuclear cell (PBMC) is any peripheral blood cell having only 1 round nucleus.

httpss/hematopoietic-knowledge-center/pbmcs.aspx
http://varuncnmicro.blogspot.com/2015/11/laboratory-series-8-pbmc-isolation.html



Application of the PBMC-based experimental model: from basic research to translational

science
PBMC-based /
experimental \
" \

1. Analysis of host/pathogen interaction
to study immunity to infections and
vaccination (in vitro and ex vivo studies)

2. Analysis of immunopathogenesis of
infectious diseases (in vitro and ex vivo
studies)

3. Evaluation of altered immune
responses in different pathologies,
including autoimmune disease (i.e.
Multiple Sclerosis) (in vitro and ex vivo
studies)

4. Development of cell-based platforms
for testing vaccine potency and for drug
discovery (in vitro studies)
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- I-TBEV generates differentiation of a
sub-population of plasmacytoid dendritic
cells (pDC) that is specialized in type |
interferon (IFN) production

- I-TBEV-induced type | IFN together
with Interleukin 6 and BAFF to be
critical for B cell differentiation to
plasmablasts as measured by
immunophenotyping and
immunoglobulin production.

C
A B
o I9G 1000 7 *
3000 - mNS
2 1 uR848 5 M
2500 - 800 - . -TBEV 1:125
2000 1 * I-TBEV ALT. 100°C
I-TBEV ALT. 42°C
2000 - 600 |
z 1500 - =
S 1500 £ g
= 2 1000 400 -
1000 - 1
500 I I I 500 I I 200 1
o NS -TBEV R848 NI FTBEV R848 03 ' 04
A 'LTBEV R848 TBEV R848 IgM IgG
1125  5uM 1125  5uM 1126 5uM 125 SuM
PBMC PBMC-pDC

PBMC PBMC-pDC



- Even in absence of a productive viral replication, the virus
mediates a robust production of IFNs and inflammatory
cytokines and che-mokines, known to contribute to the
cytokine storm observed in COVID-19.

- Virus-induced type | IFN secreted by PBMC enhances anti-
viral response in infected lung epithelial cells, thus, inhibiting
viral replication.

- Coherently to what observed in vitro, asymptomatic SARS-
CoV-2 infected subjects displayed a similar pDC phenotype
associated to a very high serum type | IFN level and
induction of anti-viral IFN-stimulated genes in PBMC.
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Thymosin a1 (Tau) is a peptide
naturally present in the thymus,
that can modulate the immune
system depending on the

host immune status.

In particular, in vitro treatment of
B cells from MS patients with Tau1
promotes an anti-inflammatory
phenotype, thus contributing to
the development of IL-10
producing B regulatory cells.
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3Rs PRINCIPLE

The Principles of Human C|assica| cOntemporary

Experimental Technique

REPLACE Non-animal methods Accelerating development
and use of human-relevant

tools (based on latest
technologies)

REDUCE Minimum number of Appropriately designed
animals to obtain animal experiments that
scientifically consistent are robust & reproducible
information

REFINE Decrease of pain, severity ~ New in vivo technologies
and distress in those that can benefit animal

animals which still have to  welfare
Russell & Burch, 1959 be used




WHY TO CHANGE

* Large % of animals used in QC exposed to severe pain and distress

Animal welfare *  Animals are sentient beings
* Societal concerns using animals

] * Invivo models act as black box
Science » Relevance to human sometimes questionable
* High variability, poor robustness

In vivo test are expensive h
Economic Long cycle times

Variability can lead to rejection of safe and efficacious vaccines,

delays to market release and vaccine shortage y

A (o Directive 2010/63/EU on the protection of animals used for scientific R
Legal basis purposes: “Member States should ensure that, wherever possible, a
in Euro pe scientifically satisfactory method or testing strategy, not entailing the

. use of live animals, shall be used” y




TO ADHERE TO 3Rs PRINCIPLES...

RPT- Rabbit pyrogen test
(Qualitative measurement of

pyrogens)

MAT - Monocyte activation test
(Semi-quantitative/quantitative
measurement of pyrogens)
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2.6.30. MONOCYTE-ACTIVATION
TEST

1. INTRODUCTION

The monocyte-activation test (MAT) is used to detect or
quantify substances that activate human monocytes or
monocytic cells to release endogenous mediators such

as pro-inflammatory cytokines, for example tumour

necrosis factor alpha (TNFa), interleukin-1 beta (IL-1f) and
interleukin-6 (IL-6). These cytokines have a role in fever
pathogenesis. Consequently, the MAT will detect the presence
of pyrogens in the test sample. The MAT is suitable, after a
product-specific validation, as a replacement for the rabbit
pyrogen test.



MONOCYTE ACTIVATION TEST
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Replacement of RPT with MAT for assessing
the pyrogenicity of TBEV vaccine batches =
Implementation of MAT for routine testing

Contribution to the definition of critical
parameters of the assay for its application to
not-intrinsically pyrogenic vaccines = New
guidelines for MAT application to vaccine
testing are under evaluation by
Pharmacopoeia Experts
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FUTURE OBJECTIVE:

ﬂree-Dimensional cell Cultu%
systems/organoids as reliable models for
studying mechanism of pathogenicity for
those microbes for which animal model of
infection does not exactly reproduce what
happen in humans (i.e.. mouse model for
\Tuberculosis, COVID-19...) )

(Human primary cell-based settings\
for the identification of biomarkers of
innate  immunity  predictive  of
vaccine potency (since PBMC posses
a wide repertoire of receptors for

\studying host-pathogen interaction) )

Assay Validation: fulfillment of statistical
and regulatory requirements




Techniques:

PBMC isolation

Purification of leukocyte populations
Cytofluorimetric analysis

Cytokine determination

RNA and protein extraction

Real Time PCR

Western blotting



