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Cells

Who Cytotoxic T cells
Helper T cells (TH1, TH2, TH17)
Regulatory T cells
NK
M
DC

Represented by Discrete variables (agents)

Interaction based on Binary strings (n bits)

Chemotaxis and random
diffusion

How they move

Actors i.e., agents!

Small molecules

IL-2
IL-4
IL-6
IL-10
IL-12
IL-17
IL-23
IFN-y
TNF
TGF-B
Type 1-IFN
D-signal
Vit. D
Chemokines
Continuous variables

Only concentration on the
lattice site is needed
Diffusion equation
(parabolic PDE)

ac
—=DV2(C— AC
ot

Large molecules

Antibody (Ab)
lg (M, D, G1, G2, E)
Antigen (Ag)
IC

Discrete variables (no internal
states)
Binary strings (n bits)

Random diffusion
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* At each time step, a cell can be found in one of

the states reported in the first column if an X

marks the corresponding entry in the table. TH1,
TH2, TH17 and regulatory T cells all have the

same state definitions as the TH.

» All other entities (i.e., the molecules) may be
considered always ACTIVE, in other words, ready
to interact. Note that specifying the behaviour of

entities in terms of discrete states is an
advantage in terms of memory parsimony since
the cell state is stored in a flag byte for each cell.

Specific macro-instructions have been defined to access,
both in read and write mode, the flag byte. This access is

also computationally very cheap.

State Description TH |TC DC | NK
ACTIVE In this state, the cell is mature X X X X
and ready to interact. This is the
initial state for most cells.
ANERGIC This is the anergic state. In this X | X
state, the cell does not interact.
INTERNALISED | In this state, the cell has X
engulfed one antigen.
PRESENTING-1 | MHC-1 molecule is loaded with X
one antigen peptide.
PRESENTING-2 | The cell has processed the X
antigen it previously engulfed.
The cell is now exposing the
MHC-2 molecule bond with an
antigen peptide.
DUPLICATING | The cell is duplicating. It will X | X
remain in this state for a number
of duplication steps.
RESTING The cell is in the resting state, X X X
waiting for a signal to be
activated.
SILENTLY A virus has infected the cell and X
INFECTED its DNA is already part of the
cellular genome. The virus is not
replicating.
ACTIVELY The virus that has infected the X
INFECTED cell is actively replicating.
DEAD The cell has been marked to die X X

by lysis by a cytotoxic cell or is
necrotic for other reasons.

June 21t 2024 - Universita degli Studi Mediterranea
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How a generic epithelial cell change its status during a virus infection

« ACTIVE epithelial cells are targets of the virus. A

virus first integrates its DNA into the cell's DNA .
and later, upon activation, it starts replicating. peptide binds to MHC-1

This is when the epithelial cell changes from the (endogenous pathvay) ‘

state of SILENTLY to ACTIVELY INFECTED. @
* In the latter state, the cell may release virus @ virus replicates

particles budding from the cell membrane. The

fate of this cell is signed and it will die either

because its membrane will break when its viral

gets infected

content reaches a threshold or because a _ CTL's TCR finds
cytotoxic T lymphocyte Kills it. eetie MHC-1/peptide and kil cell
» This happens if the TCR of the cytotoxic T binds /
to the MHC-1/peptide complex exposed on the
infected cell membrane upon digestion of the @ @
viral peptides. '

June 21t 2024 - Universita degli Studi Mediterranea 4
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UISS: State formal representation

UISS formal description of state changes is done by means of stochastic finite state machines

B-cells start in the ACTIVE state. They can
go back and forth between ACTIVE and
ANERGIC according to the stimulation
received.

While ACTIVE, if they engulf an antigen,
they go to the INTERNALISED state. If the
MHC-2 succeeds in binding one antigen
peptide, the B-cell goes into the
PRESENTING-2 state.

A cell in this state is able to stimulate a
matching T helper lymphocyte and begin a
clone expansion.

phagocytoses
the antigen

ACTIVE

G

peptide binds to MHC-2

becomes

anergic failure to bind

peptide to MHC-2

exits anergy

exits mitotic cycle

presented MHC-2/peptide
complex binds to TCR.
@ B starts to clone '

June 21t 2024 - Universita degli Studi Mediterranea 5
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« UISS uses bit-string model (0s and 1s) to represent specific elements or binding properties in the same way
that Farmer, Packard and Perelson did.

« Each different bit-string defines an element of the repertoire. An m-bit match is obtained when exactly m bits
complement each other and the other NBIT — m are equal.

« The function match(a, b) = hamming(a, b) is defined to give us the number of matching bits between two
strings a4 and b and is computed as the Hamming distance in the space of the bit- strings.

June 21t 2024 - Universita degli Studi Mediterranea 6
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processed

peptide

\ 2
% Q) proteasome

peptide 00110 5
protein OAIAI0I00]o] ojofe}| 2O olol 11 [T
‘ [oJo]A11] 0

either

loaded MHC

Tcos+

00110110

o[flilo :
1| 10104110 ofo1]1[o]of7]o
[0[olT 0

Internal digestion of the antigen peptides by antigen- presenting cells like the B lymphocytes or macrophages is done according to the following logic:
ENTITY:B

SPECIFIC : Yes

MATCH : MHC-2(s), peptide(s)
CONDITION : B=INTERNALISED
ACTION : B — PRESENTING-2

Analogously, the endogenous antigen is processed and presented on the class-1 MHC molecule (this is the cytosolic or endogenous pathway) instead of the
class-2 MHC molecule as in this case of exogenous antigen processing (endocytic or exogenous pathway).

June 21t 2024 - Universita degli Studi Mediterranea 7




|
‘ ,'[‘zlzlmum

‘%

COMBINE Group
In Silico BioMedicine

gioinfo"
et al-BMC P07
Peﬂr\\séi\wsﬂ‘ﬁ" o
DOV

els
st
se -« the b€
NG ge\'\t b3 dict t ainS

CombM™S dnniques ™ (i vants 29
screentfd =y acd

. _ \!

\“_TUS d \\\Oma \{\ 4 Frances® pappaar®®

huma 1\ lia R ' S\Va%\ja\\‘ @, 95, ) ce, a|

MarzZio pennist o ety 1 Catang 1, "PPalardc b1, Clossigapy

o
b .
o5 ¥ yes “g \ © per® Pennisi et al. BMC Bioinformatics 2010, 11(Suppl 7)513
a € e\\ ma ar2 http//www.biomedcentral.com/1471-2105/11/57/513
N (o) P W BMC
ov®! N\O \\\ (ot o e )
6"\53 ¢o! 00 Bioinformatics

~ae? a®
s\ o0 wo a«mﬁ""““w“
s‘. A, W W
a0 ' e PROCEEDINGS Open Access
po0? s

aga'\ s o
0¥y WJC““N . P
L Modeling the competition between lung
o metastases and the immune system using agents

Marzio Pennisi'”, Francesco Pappalardo’, Ariannna Palladini?, Giordano Nicoletti?, Patrizia Nanni?, Pier-Luigi Lollini?,
Santo Motta'

June 21t 2024 - Universita degli Studi Mediterranea



"hlumm

V//

COMBINE Group
In Silico BioMedicine

The team ‘S‘W% UNIVERSITA
l.ﬁ = degli STUDI

_3,/? di CATANIA

a3 ETNA BIOTECH AREH'VEL
e STRITUVAD | ol i CHIV

In Silico Trial for Tubercolosis Vaccine Development

* 4 ,SoMas
% &COmp Sci

# TBVI

IDRI Etna Bio
'. 8 Catania
ARCHIVEL Bologna AlIMS.

ALMA MATER STUDIORUM
UNIVERSITA DI BOILOGNA

WETEE A wE

Project Number: 777123

W Strituvad

Project Acronym: STRITUVAD

Project title: In Silico Trial for Tuberculosis Vaccine
Development

June 21t 2024 - Universita degli Studi Mediterranea



|
‘ b

‘y

COMBINE Group
In Silico BioMedicine

Tuberculosis is one of the world’s deadliest diseases:
it infects one third of the world’s population in
developing countries and it is becoming very
dangerous in developed countries as well.

The high costs, long duration and poor
compliance with the therapy, may lead to the
development of multi-drug resistant bacterial strains,
that make much harder to eradicate this disease.

STriTuVaD project aims to develop computer
simulations to test the efficacy of new
therapies, significantly reducing costs and duration of

human clinical trials.

18 15
THE TOP

INFECTIOUS

KILLER
IN THE
WORLD

1.6 MILLION
" PEOPLE DIED
FROM TB

INCLUDNG
300 000 PEOPLE
WH HIV

» TBis caused by the bacillus Mycobacterium tuberculesis that most often affects the lungs
» Multi-drug resistant TB" is a form caused by bacteria that does not respond to two of the most powerful drugs
» Treatment options for "MDR-TB are limited and expensive

In2017
10 million new cases

30 high-burden countries
Incidence rates, 2017

Estimates, new cases
per 100,000 population

® 40-99

® 100-199
@ 200-299
® 300-49%9
® 500+

1.6 million deaths 558,000 MDR-TB cases

Pakistan
525,000

¥ 889,000
&% Philippines
/% 581,000

|4 [ ;‘
2.7 millien .
casesI ‘ \!ﬁl’-"m‘f‘

» India

Nigeria
418,000
Bangladesh Indonesia
364,000 842,000
South Africa
322,000

June 21t 2024 - Universita degli Studi Mediterranea
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* To date non fully effective TB vaccines exists and,
despite being both preventable and curable, it can T cell

3 Lymph nodes
be difficult for TB infected patients to get live-saving

Persisting mycobacteria

/ ; , 15 in primary lymph nods
care. iy Sy . B \)J  iesionsandin lesion-free
e Current treatment can involve antibiotics
administration for up to two years, potentiall Infected : .
) . . P . Y » P . y macrophage ¥ el ) / \  Post-primary
becoming a financial and social burden and resulting Q0 2 % ) di

in patients stopping their medication. Firm caseous core
inhibiting bacterial growth
* At times, TB is not diagnosed and dealt with the
development and spread of drug-resistant strains. Persisting mycobacteria
in lesion-free tissue
Cavitating lesion

June 21t 2024 - Universita degli Studi Mediterranea 11
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Extending UISS for

Extend UISS modeling
framework to simulate TB -

immune system interactions
and artificial immunity
induced by vaccinations and
treatments

—’ fo:@ : ',-- 7N 4
Aos Nl RA I,
ARCHIVEL s d
farma
Artificial |mr’.nun|ty |r'!duced by Artificial |mmun|ty |n.duced by M. tuberculosis — isoniazid Bactericidal and ﬂ
RUTI vaccine provided by ID93 vaccine, provided by . . . . .
. interaction bacteriostatic mechanisms
Archivel Farma partner IDRI partner .
UNIVERSITA
degli STUDI

%) UNIVERSITA
| degli STUDI

Antigens structure, adjuvants
stimulation of the innate
immunity and delivery
dynamics

Antigens structure, adjuvants
stimulation of the innate
immunity and delivery
dynamics

Bactericidal effect depending
on the pharmacodynamics
and pharmacokinetics of
antibiotics

Bacteriostatic effect
depending on the decrease of
bacteria duplication rate in
presence of antibiotics
concentration
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Secrete

Secrete
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Digital Patients

Create libraries of virtual
subjects and libraries of virtual
vaccinated (treated) patients

J

Simulation of immune system
interactions

]
-

Identification of a “vector of
features” combining both
biological and
pathophysiological parameters
in order to personalize the
virtual patient

J

Sequential procedure for
simulating a virtual cohort
consistent with some
predetermined population

characteristics

The virtual patient model
defines a specific patient
through a vector of 26 features

J

The
University

&5 Of
24 Sheffield.

SR

b .58 UNIVERSITA
= L@ = degli STUDI
., j di CATANIA
i
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Not Secure — combine.dmi.unict.it o 2} (] 34 ‘
UISS for Tuberculosis
Simulation  with virtual patient Your simulations
I | | b I I f User test
uiss
p a rt n e rs Random Seed No / Yes Treatment ONo Choose.. v
RUTI vacci
= uss-18 e s
1234 2 Range: [0, 9999) 1D33 vaccine
) ) = : , ——T B Check status!
SOO n avai |a b | e tO p u b I ic Bacterial [50,400] CFU  © v MTB virulence [0,1] Y Th1 [1370] univ/pL S0 &
Th2 [1370] unit/uL 1370 C  |gGtiters 0 © | TC [560] unit/uL 560 <
IL-1 [0,10000] pg/mL.  © ° IL-2[50,1000] pg/mL 50 ° | IL-101[5,16] pg/mL 5 <
IL-12 [3,300] pa/mL 3 ° 1L-17 [0,1000] pg/mL 0 © 1L-23 [0,1000] pg/mL 0 °
IFN-1[0,11000] pg/mL. © ©| IFN-y(6,19] pa/mL 6 °  TNFa@40pg/mL 4 <
TGF-B [2,8] ng/mL 2 °  LXA4[0.03.0]ng/mL. O “ | PGE2[0,22] ng/mL 0 v
BMI [16,41] Kg/m? 23 c VitaminD [0,100] 52 © | Treg [60] unit/uL 60 °
ng/mL
MHC1 [0,4095] 0 °  MHC2[0,4095) 0 ° Age[0,90] 35 °
Random Random
Chemokine [0,20] ng/mL 0 ° Lung compartment volume [1,2000] mm? 1 °
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Ag/lg subclasses detailed dynamics
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450000

140000 -

120000 -

100000

Simulations: LTBI

80000 ~

0 100 200 W3

viral/bacterial count
=

60000 ~

40000 ~

20000

total strai

2

1.8
1.6
1.4
1.2

1

400 500 600 700 800

Lt bl sl o ot il et L L b b 0l g0t st

- 400000

- 350000

- 300000

- 250000

- 200000

- 150000

- 100000

- 50000

l | b iralialiunts
o LU/ bl bl
100 200

free

300 400

d
Ag ays

free Self-Ag (Auto-Ag) ——
I

gM

500 600 700

IgG
IgA ——
IgE ——

800

Ig titers

June 21t 2024 - Universita degli Studi Mediterranea

16



ly
ST

V//

COMBINE Group
In Silico BioMedicine

AM cells detailed dynamics
6000 T T T

5000 -V

Simulations: LTBI i

3000

cells

2000

1000

O | | | | | | |
0 100 200 300 400 500 600 700 800

Total Infagy® Necrotic Pres|

Dead
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molecules
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AM cells detailed dynamics

6000 T T T
T e —
° ° 4000 |-
Simulations:
vaccine £ 3000 |
administration
2000 |-
1000
0 r—j | | | | | | |
0 50 100 150 200 250 300 350 400
Total Dead — Infgg S Necrotic Pres| ——
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Simulations: vaccine treated

Agl/lg subclasses detailed dynamics TH cell population STATE detailed dynamics

1 X1 06 ‘ ‘ ‘ ‘ 700000 70000 T T T T T
900000 H
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800000 H
1 25
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- i
3
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O “ | | | | | | | 1 o 8
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S 400000 { ‘ 4 30000
= a
> total strglsns
300000 |7 - 200000
20000
200000 H “
- 100000
100000 N 10000
0 | — oy | | ! 0
0 50 100 150 200 250 300 350 400 o LY _ ! | | ‘
days 0 50 100 150 200 250 300 350 400
%
free Ag —— gG — S
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6x10°8
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Simulations: vaccine 2 et
administration ;
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0 50 100 150 200 250 300 350 400

d
IFN-Gamma IFN-alpha

IFN-beta
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Simulations: vaccine administration
No-responder

TH cell population STATE detailed dynamics AM cells detailed dynamics
20000 ‘ : ‘ ‘ ‘ 6000 : : ‘
18000
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Breaking News: UISS-

O

EUROPEAN MEDICINES AGENCY

COMBINE Group
In Silico BIoMedIcIne

SCIENCE MEDICINES HEALTH
30 January 2024
Doc ref: EMADOC-1700519818-1207681
Executive Director

Letter of support for UISS-TB-DR

On 26 September 2022 the applicant Mimesis S.r.l. r i ion advice to Artide
57(1)(n) of Regulation (EC) 726/2004 of the European Parllament and of the Council.

During its meeting held on 25 - 28 September 2023, the SAWP agreed on the advice to be given to
the applicant, During its meeting held on 09 - 12 October 2023, the CHMP adopted the advice to be
given to the applicant,

The current Letter of Support is issued on the basis of the qualification advice.

Qtnlmaﬂon Advice for the use of UISS-TB-DR as a slmulaﬂon platform to predlcx how the circulating
interferon gamma (IFN-y) changes over time as a function of the treatment dose in a cohort of virtual
patients, to select the doses to be tested in escalating dose phase Ila trials of new therapeutic whole
cell / fragmented based vaccines designed for latent pulmonary TB in adult, HIV negative, drug
sensitive patlents Initially treated with isonlazid antibiotics pre-vaccination. According to the applicant,
the focus is proposed to be made on selection of the middle dose in Phase 22 studies to 2150 Indude
the minimum effective dose {MED) and the maximum tolerated dose (MTD).

The Agency the of model drug (MIDD) aps and in
particular the use of mechanistic agent-based model such as UISS TB DR for dose regimen selection in
the field of tuberculosis given the current need for effective therapies, vaccines, the challenge related

to 9 and need for
However, the current context of use assumes that ] gamma (IFN-y)
changes over time can be considered as informative for clinical dose selection in TB, The value of IFN-y
(i.e. its progr and p value) as @ for in
TB first needs to be established. IFN-y is (currentiy) not an i gate for clinical
in this clinical setting.
The implementation of the risk-based analysis and the by the Appi are
appr!clnad and the Werall propo: for model

and il ion is in prindple supported. However, the clinical data that the

Applicant used to vnlldate their platform (only Including results obtained with RUTI vaccine Phila
study), are considered limited for platform qualification in the claimed context of use, The applicant is

Offictal address Comuiico Scardattiasn 6 o 1063 HS Amsterdamn o Tha Netherfands
Address for visits and delivaries (e (0w eimis U, e haw-to- G- -
Send us & question o 10 Wi BT BUTOES BUCONTT Tekephane + 11 m,an TH1 BODD A sgerey 3t the e Leven

) European Medcines Agency, 2024, Reproduttion & authorised provided the suurce & acknowledged

currently narrowing the context of use to whole cell/fragmented based vaccines that are designed for
latent pulmonary TB in adult subjects, who are HIV negative and drug sensitive after Imonth
treatment with INH. Although the rationale for limiting the scope of qualification is understood, the
Agency encourages the applicant in the future to expand their approach to the other types of
therapeutic vaccines, to widen the range of doses to be optimized and to assess the impact of
concomitant antibacterial therapies.

The objective of this letter of support is to foster clinical data sharing initiatives to advance exploratory
development of latent TB therapeutic vaccines. It emphasizes the importance of collecting additional
data, which are crucial for two primary purposes: firstly, to ascertain the value of IFN-y as a reliable
biomarker for dose regimen selection in therapeutic TB vaccines, and secondly, to address the current
limitations in clinical validation of the platform. The Agency recognizes the potential of innovative
approaches related to model-informed drug development (MIDD) in tuberculosis, an area that faces
significant challenges such as multidrug resistance and the need for effective combination therapies.
By encouraging the expansion of the platform's exploratory application to various types of therapeutic
vaccines and a broader range of doses, once the limitations are addressed, the Agency underscores its
support for advanced, comprehensive solutions in TB therapeutic vaccine development.

Sincerely,

Emer Cooke
Executive Director
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Q PB1, PB2, PA

THA

NP

NA

M1
M2

NS2

®® —0—f -

NS1

Figure 1. Structure of an influenza A virus.
Image copyright by Dr. Markus Eickmann, Institute for
Virology, Marburg, Germany.

In humans, replication of influenza subtypes
seems to be limited to the respiratory
epithelial cells.

Once the virus enters a cell, it causes
complex cytopathic effects, predominantly
in the columnar epithelial cells, by shutting

down the synthesis of host proteins.
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Viruses / )
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. The alpha/beta interferon (IFN-a/b) system represents one of the first lines of defense against virus infections.
. Influenza A is capable to produce these IFN-antagonistic factors. However, dendritic cells are capable of producing a large amount of IFN

type I.
. The time of entry to the production of new virus is of average 6 h.

June 21t 2024 - Universita degli Studi Mediterranea
26



|
‘ b

‘y

COMBINE Group
In Silico BioMedicine

Viral titers (log scale)

T No. of days

Inoculation

4.0

3.5 _x\ A/H3N2
3.0 4

2.5

2.0 4
1.5

1.0 +

Viral titers (log scale)

o 1 2 3 4 5 6 7 8 9

Inoculation

The A/HIN1 and A/H3N2 curves showed a sharp
increase during the first day following inoculation, and
they reached their maximum values during the second
day. Return to baseline values at day 8

The summary curves did not differ markedly according
to influenza virus type or subtype, although A/H3N2
infections gave sustained high viral titers by comparison
with A/HIN1

June 21t 2024 - Universita degli Studi Mediterranea
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3

Influenza-A viral count per mm Epithelial cells dynamics

25000 T T T [ T 400 T T T T T T
e p000 Free virions 350 Healthy -
E —
) 25000 “ 300
o 15000 R 20000 £ 250
< 15000 @ 200
€ 10000 | 10000 » 150
o o
a 5000 W 00
S 5000 |
== 0246 810 50

0 | | | | | | | 0 | | | |
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Days Days

In silico results. Viral dynamics of a typical INF/A infection. Viral load peaks around day 3-4. During an
effective immune response, viral load decreases continuously to reach, at the end of day 7-8, undetectable
values. On the right panel, it is depicted the dynamics of one of the most common influenza/A target i.e.,

epithelial cells. As one can appreciate, after day 15 the simulated tissue completely recovered its

physiological condition,|mirroring what commonly happens in in vivo settings.
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In silico cellular and humoral immune system response. Panel A shows the CD4" response to
INF/A viral antigenic challenge. The response is detectable around day 4 and reaches its maximum
level around day 13. Panel B depicts CD8 response. It starts around day 4 and peaks around day 6-
7. Cytotoxic response kills infected cells in order to remove all infection reservoir. Panel C and D

show the humoral response. Only IgG are shown. Antibodies are present until 1 month afted the

cleaning of the infection.
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Maleki et al. BMC Bioinformatics (2021) 22:617

https://doi.org/10.1186/512859-022-04581-6 B M C B I O I nfo rm atlcs

RESEARCH Open Access

i . . ®
In silico design of recombinant sl

multi-epitope vaccine against influenza A virus

Avisa Maleki'", Giulia Russo?!, Giuseppe Alessandro Parasiliti Palumbo' and Francesco Pappalardo®

From 4th International Workshop on Computational Methods for the Immune System Function (CM-
ISF 2020) Virtual. 16-19 December 2020
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Collecting HA,NA and
; - : : : : M2 protein
- This study utilized an immunoinformatic approach to design a sequences
recombinant multi-epitope vaccine based on a highly
conserved epitope of hemagglutinin, neuraminidase, Blast procedure

and membrane matrix proteins with fewer changes or

mutate over time. Epitope mapping

- The potential B cells, cytotoxic T lymphocytes (CTL), and v

CD4 T cell epitopes were identified. The recombinant multi- { B-cell epitope

epitope vaccine was designed using specific linkers and a
proper adjuvant.

- Moreover, some bioinformatics online servers and Workflow of the multi-
datasets were used to evaluate the immunogenicity and ° o .
chemical properties of selected epitopes. blOl(;lfOl‘math approach
useda.
- In addition, Universal Immune System Simulator (UISS) [ Adwant |
in silico trial computational framework was run after influenza Primary recombinant
exposure and recombinant multi-epitope  vaccine ikt ekl
administration, showing a good immune response in e
terms of immunoglobulins of class G (IgG), T Helper 1 evaluation of the
cells (TH1), epithelial cells (EP) and interferon gamma il
(IFN-g) levels. Fopulation covarage
Physiochemical
. . properties
- Furthermore, after a reverse translation (i.e., convertion of
amino acid sequence to nucleotide one) and codon optimization
phase, the optimized sequence was placed between the two
EcoRV/Mscl restriction sites in the PET32a* vector. :
= :



|
| b

 Insilico tria

COMBINE Group
In Silico BioMedicine

w0t 1.8010% Igsubdissens delabed dyramics. g st smone detaiied Oynamics.
25000 140000
200000 16010 f\
Rovoog - [\ 120000 b |
1.4m10* [ il ‘
o 1.2010° ‘ \
w0cco ; ] 120 s ‘
3 s g ve £ \ 2
H £ woomo “ on ‘ \ ) ‘
400000 \
300000 et ‘ 40000
200000 Hung it [ ! —
100000 20000 [\ J - J - e e
X & . 9 0 50 wm 150 200 =0 300 50 400 L 0 50 100 150 200 20 00 0 “00
uO S0 100 150 200 280 300 as0 “0 nﬂ 0 100 150 200 250 300 350 400 M — G %7 e — M — G agﬂi‘ﬂf—‘
FN-Gamma ——— IFH%‘— FN-tata ——— FN-Ganng ——— FN—w— IN-Dbels
180 10° T - - - - - c P I subciasmes delated dyremics c
10’ | 10000 \
14x10” b s “ \
et | vamco [ | l‘ ‘\‘
100000 ‘ ‘
i i
| i
€ B00Om b
600000 |- e ‘
40000
40000 |
20000 ‘
20000 | —
oﬂ 0 100 150 20 250 00 3% @0
Co @ we  m = w s wo ot — 16— — e —
FN-Gamma F‘N'l;“— IFN-beta
In silico dynamics of IFN-g through the UISS simulation In silico dynamics of IgG through the UISS simulation
platform. platform.
A TFN-g level after influenza exposure. B IFN-g level after the A IgG level after influenza exposure. B IgG level after the recombinant
recombinant multi-epitope vaccine. C IFN-g levels after influenza multi-epitope vaccine. C IgG levels after influenza exposure and
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In silico trial

B
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In silico dynamics of TH1 through the UISS simulation
platform.

A THz1 level after influenza exposure. B TH1 level after the
recombinant multi-epitope vaccine. C TH1 levels after influenza
exposure and recombinant multi-epitope vaccine
administration
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In silico dynamics of EP cells through the UISS
simulation platform.

A EP level after influenza exposure. B EP level after the
recombinant multi-epitope vaccine
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> BMC Bioinformatics. 2020 Dec 14;21(Suppl 17):527. doi: 10.1186/s12859-020-03872-0.

In silico trial to test COVID-19 candidate vaccines: a
case study with UISS platform

Giulia Russo 1, Marzio Pennisi 2, Epifanio Fichera 2, Santo Motta 4, Giuseppina Raciti °,
Marco Viceconti ©, Francesco Pappalardo 7

Affiliations + expand

PMID: 33308153 PMCID: PMC7733700 DOI: 10.1186/s12859-020-03872-0
Free PMC article
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Peak viral titers are reached by 48 h post-
inoculation.

IL-6 dynamics and its related plasma levels
(fg/uL) are also shown in the inner panel
(purple line).

In the right one, the dynamics of CPE on
the lung infected cells is measured (blue
line): they started at day 3.5 and peak
around day 5.

After about three weeks, the simulated
digital patient almost recovers from the
infection.

Accordingly to the recent literature, the
early viral clearance appeared by day 10
post-onset in mild cases.

viral titers

2500

2000

1500

1000

500

SARS-CoV-2 dynamics

60000
50000
40000
30000

IL-6 (fg/ul)

20000
10000

5 10 15
days

20 25

5 10

Viral particles

15
days

20

25

cells/ul

1600 T T T T

1400

1200

1000

800

600

400

200

days
Total
Actively infected

June 21t 2024 - Universita degli Studi Mediterranea

Virus challenge

36



|
‘ b

‘/ In silico SARS-CoV-2 viral dynamics and related CPE in a severe s

COMBINE Group
In Silico BioMedicine

Peak viral titers are reached by 48 h post-
inoculation. In addition, it is worth to note
that virus persists after day 10, until day
15, and its complete clearance is around
day 19. In the inner panel (purple line), IL-
6 dynamics and its related plasma levels
(fg/uL) are shown.

IL-6 dynamics shows a much more
prominent peak of values. This is in very
good agreement with latest literature
data.

UISS is capable to simulate, accordingly to
the recent literature, how the severe cases
tend to have a higher viral load both at the
beginning and later on.
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Panel A shows the dynamics of CD4*T
cells, subtype 1 (Th1). Th1 are primed by
dendritic cells that present the viral
particles complexed with MHC-II of the
host. Th1 cells help the activation of B
cells, eventually favoring their iso-type
switching to IgG producing plasma cell.

B cells dynamics is depicted in panel B.
Antigen activated B cells initially releases
IgM.

Then, after interacting with Th1 and their
released pro-inflammatory cytokines, they
start to release specific IgG directed

(A) CD4+ T cells dynamics
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(B) CD8+ T cells dynamics
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The overall prediction dynamics of LEP at
the injection time of 47D11 mAb (day 1, (A) ®) 1500 12

1500 | 1500 | N e
proposed by Wang et al. - = ~ Wy
(d0i:10.1038/s41467-020-16256-y) at a 51000 | 2’*1000 | ;;“1000 -
concentration of 10 ug/ml after different 3 3 $
SARS-CoV-2 challenge in time (panels A to o. 500 o. 500 o. 500 L
F) is depicted. - - - ili

0 0 ! o Lrdlt
0 10 20 30 0 10 20 30 30 40 50 60
Specifically, one can observe the ) Time (days) ® Time (days) ) Time (days)
exposures at virus particles at day 7 (panel 1500 1500 1500
A), day 14 (panel B), month 1 (panel C), I ) Y I
2 S '/ S
month 3 (panel D), month 6 (panel E) and 5 1000 @ 1000 5 1000
after 1 year (panel F). 8 g 8
a 500 o 500 a 500
1] w w
. . -l - | -l
In panel E (subject infected after 6 0 0 0
months) and panel F (subject infected 90 100 110 120 180 190 200 210 360 370 380 390
Time (days) Time (days) Time (days)

after one year) mAb vaccination is
practically ineffective in protecting the
onset of the disease.

Solid lines refer to the no-treated digital patient, while dashed lines refer to mAb treated
one. Blue lines depict actively infected LEP, while red lines represent LEP to show the CPE.
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Take home messages

ABM revealed as an effective modeling strategy to deal with complex adaptive systems
l.e., immune system

Modeling & simulation of biological systems is effective in helping healthcare research

UISS-TB computational platform is a concrete example of working in progress
qualification process of an in silico trial technology applied to medicinal products
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e [U|SS general description] Pappalardo et al., The Potential of Computational Modeling to Predict Disease
Course and Treatment Response in Patients with Relapsing Multiple Sclerosis. Cells, 9(3):586, 2020.
(d0i:10.3390/cells9030586)

e [Tuberculosis] Pennisi, Russo et al., Predicting the artificial immunity induced by RUTI vaccine against tuberculosis
using universal immune system simulator (UISS). BMC Bioinformatics, 20(S6(504)), 2019. (d0i:10.1186/s12859-019-
3045-5)

¢ [Influenza] Pappalardo et al., A computational model to predict the immune system activation by citrus derived
vaccine adjuvants. Bioinformatics, 32(17):2672-2680, 2016. (doi:10.1093/bioinformatics/btw293)

e [COV|D-19] Russo et al., In Silico Trial to test COVID-19 candidate vaccines: a case study with UISS platform. BMC
Bioinformatics. 2020;21(Suppl 17):527. doi: 10.1186/s12859-020-03872-0
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”In the near future, In Silico Medicine
won't replace medical doctors, but
medical doctors who use In Silico
Medicine will replace medical doctors
who don't"
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