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INTRODUCTION
The development of a new drug is a costly and lengthy 
process. As the world faces the Covid-19 pandemic, there is an 
urgent need to identify drugs that stop this virus proliferation 
and propagation—and we need to do this quickly. 

Drug repurposing is a discovery strategy that identifies 
drugs known to be safe for humans as potential treatments 
for diseases. Recent research has revealed a rising number of 
diverse coronaviruses circulating among various bat species 
and other animals, suggesting the likely inevitability that 
new highly pathogenic coronaviruses will invade human 
populations in the future. [4]

Previous BIOVIA blog posts [7, 8] have demonstrated how 
scientists are using structure-based and virtual screening 
approaches to select existing drugs based on their in silico 
propensity to target viral protease and possibly reduce virus 
proliferation.

However, to date, no known drug has really stood out. [5] 

Therefore, we need to consider other approaches. 

In addition to hijacking the cellular machinery for its own 
replication, the SARS-CoV-2 virus also interferes with several 
cellular mechanisms leading to fatal patient symptoms[6] 
(e.g., cytokine storm, inflammatory syndrome, the inhibitory 
effect of early innate immunity delaying immune response 
and promoting virus replication, etc.).

In the context of complex cellular mechanisms, signaling 
pathways designed in systems biology can greatly help 
to predict the best way to reduce the pathogenicity or 
toxicity effects of a virus on the body. Once we design 
and scientifically validate these signaling pathways, we 
can use them to test new therapeutic hypotheses. In this 
way, systems biology creates new opportunities that allow 
the scientific community to accelerate the investigations 
of potential therapeutic solutions such as reusing existing 
drugs, already clinically tested and known to be safe, or 
defining new drug combinations to treat Covid-19. 



However, the amount of data collected worldwide from 
various Covid-19 initiatives is growing rapidly and becoming 
increasingly difficult to federate, maintain and utilize for 
the prospective and systematic selection of candidate drugs. 
Currently no commercial tool allows scientists to leverage this 
data in searching for new therapeutic treatments with high 
probability of success in clinical trials. As a result, scientists 
lose time, as they repeat steps or slowly come up to speed with 
knowledge that others have already acquired or understood.

In response to these obstacles, BIOVIA Dassault Systèmes’ 
Living Map application offers capabilities that help accelerate 
the discovery process of mono- or multi-target therapeutic 
solutions by leveraging our growing body of knowledge in an 
efficient, maintainable and accurate way. 

CHALLENGES
It is challenging to identify drugs or drug combinations that can 
reverse the SARS-CoV-2 effects on host cell signaling systems 
because:  

• Validated mathematical and biological models are scarce. 

•  There are not many references supporting scientific facts 
about a virus that has recently emerged. 

•  Assessing the effects of polypharmacological drugs or 
drug combinations addressing multiple targets in biological 
systems is extremely complex when using classical 
simulation tools. 

•  Manually gathering and aggregating knowledge and 
evidence from various databases requires time-consuming/
error-prone steps.

OBJECTIVES
By combining BIOVIA Pipeline Pilot technology with the Living 
Map collaborative pathway modeling and simulation capabilities, 
we aim to facilitate: 

• Access to documented expert knowledge on viral 
mechanisms of diseases 

•  Validation of mathematical and biological models for in 
silico experimentation or precision medicine

•  Identification of potential existing drugs or combinations 
of drugs from referenced drug databases 

•  The ability to propose multiple targets

BIOVIA LIVING MAP INTRODUCTION
BIOVIA Living Map is a service on the Dassault Systèmes 
3DEXPERIENCE® platform that provides automated knowledge 
access, modeling and simulation capabilities for a given scientific 
context such as systems biology. 

The BIOVIA Living Map application currently leverages these 
capabilities to allow system biologists and mathematicians to 
design and simulate Boolean biological networks. It comes with 
a set of scientifically validated Boolean signaling pathways that 
scientists can use to modify existing experiments, create new 
experiments and test new hypotheses. 

A key feature of BIOVIA Living Map is its ability to automate 
entity and relation mapping to renowned cross-references, 
thereby scientifically validating the designed model. We 
generically refer to the aggregation of a Living Map model such 
as a pathway and its cross-references as a knowledge map. 

Figure 1: Key features of the BIOVIA Living Map application



Scientists can annotate a Living Map model with evidence 
supporting links to reference databases. They can annotate 
almost anything including entities, interactions and reasons for 
modelling. Annotations, especially annotations with evidence, 
improve the confidence level of the BIOVIA Living Map. 

Users can visualize entities according to their function or nature such 
as gene, kinase, transmembrane receptor, complex, phenotype, 
etc. BIOVIA Living Map automatically transforms and interprets 
interactions (activations and inhibition relationships) between 
entities as Boolean equations during simulation. Therefore, a 
Living Map model in BIOVIA Living Map is a dynamic, qualitative 
network that enables the design and simulation of in silico 
experiments (see Figure 1). You can test research hypotheses by 
varying conditions such as the initial states of entities (present or 
absent), gene knockout, drug effects, etc. In addition to modeling 
and simulation, BIOVIA Living Map accelerates the collaborative 
collection and annotation of expert knowledge about diseases and 
its reuse across the R&D community. 

SARS-2 MODELING OF SARS-COV-2 EFFECTS 
ON INNATE IMMUNITY 

Identification and selection of relevant cell signaling 
pathways
As of today, the system biology of SARS-2 is scant, and 
scientists have only partially validated it.  In order to model 
mechanisms and knowledge representing the activity of SARS-
2 on human cells, we first carried out a search for articles in 
public databases (Signor, Pubmed, Uniprot, IntAct) that contain 
scientific experiments describing the biological mechanisms of 
coronaviruses at the human cell level.  

We decided to focus on early phases of viral infection and 
designed our models as such. By targeting the early immune 
response (innate immunity), we intended to investigate new 
therapeutic intervention points in such a way that we could 
better control virus replication and propagation. 

Based on these preliminary literature investigations, we 
selected one pathway from the Signor database [1] and three 
cell-signaling cascades described by Fung TS et al [2]:

• “Three branches of UPR signaling pathway activated and 
regulated by HCoV infection,” 

•  “Activation and modulation of MAPK signaling pathways by 
HCoV infection”

•  “Type I interferon induction and signaling during HCoV 
infection and modulatory mechanisms”

Model creation and validation
We imported and merged the initial set of 3 signaling pathways 
in BIOVIA Living Map (see Figure 2). To create a Living Map 
model dedicated to COVID-19, we reviewed all entities and 
interactions that had major impacts in SARS-CoV-2. More 
specifically, using protein similarity calculations between the 
known sequence of SARS-CoV-2 and the other coronaviruses, 
we removed nonspecific SARS-CoV-2 viral proteins with a score 
below 85% similarity.

We then enriched the model by adding entities and interactions 
with references to scientific evidence (with data extracted from 
official databases: Uniprot, HGNC…) and citations with links 
to articles to confirm and explain the action mechanisms, the 
influence of an entity, etc. For example, it was necessary to 
crosscheck various articles in order to establish the initial / 
basal state of certain entities, in the context of this disease, so 
that the simulation results presented the expected behavior, as 
scientific papers did not include such information.

After creating the model, we crosschecked the behavior 
described by Fung et al. [2] to ensure that our model respected 
the expected state of the phenotypes. We achieved this by 
defining experiments with different parameters and conditions 
(presence / absence of the virus) and launching simulations. It 
was sometimes necessary to change the model to reproduce 
what we had observed in vitro. We annotated all modifications 
and modeling reasons.

Figure 2: Knowledge aggregation of the 3 
cell signalization pathways in the context
of SARS-Cov2 infection

Video 1:  Construction of a COVID-19 disease 
model and testing of innate immunity, 
inflammation and proliferation outcomes

https://youtu.be/jZY8bhX3jlE


INVESTIGATION OF DRUG REPURPOSING 
BY SIMULATION 
We have collected and integrated approved drugs known to 
modulate the activity of at least one protein target present in 
the model. With the integration and annotation of drug profiles, 
we enable the exploration of drug repurposing opportunities to 
counteract the inhibition of the innate immune response by 
SARS-CoV-2.

The International Union of Basic and Clinical Pharmacology 
/ British Pharmacological Society (IUPHAR/BPS) database is 
a comprehensive, expert-curated, open-access database of 
information on drug targets and the substances acting on them 
(see Figure 3). 

After developing a BIOVIA Pipeline Pilot Protocol to reassemble 
and filter IUPHAR [3] database tables (see Figure 4), we produced 
a custom pharmacological dataset consisting of (3,232) drug-
effect-target triplets for all approved drugs (any modality) 
irrespective of their therapeutic indication. We used Uniprot 
cross-references as the shared identifier to map IUPHAR targets 
on protein entities in our model and found 33 pharmacological 
relations. We added 15 distinct drugs modulating 7 distinct 
targets to the model. We manually added additional drugs and 
their mechanism of action (e.g., chloroquine), extracted from 
recent published literature, to the model. 

We simulated the effect of all approved drugs on our model 
using a simple Boolean simulation. We also screened all possible 
pairwise combinations of drugs (105). Finally, we investigated 
and compared the effects of the resulting therapeutic scenarios 
on the innate immunity and virus replication phenotypes in 
non-infected tissue vs. a non-coronavirus infection or a SARS-
CoV-2 infection.

Figure 3: IUPHAR/BPS database used for 
drug repurposing

Figure 4: BIOVIA Pipeline Pilot protocol for 
drug repurposing strategy (extract).

RESULT
None of the 15 approved drugs or their pairwise combinations 
had a favorable effect on the targeted phenotypes (e.g., 
early innate immunity, pro-inflammatory cytokines, virus 
replication). However, we did find experimental drugs that 
demonstrated an inhibition effect on the coronavirus PLP 
protein [9]. The PLP (protease and papain-like protease) are 
essential  coronavirus enzymes required for polypeptide 
processing during viral maturation. In addition, PLP cleaves 
host proteins to evade innate anti-viral immune responses [10]. 
In our model, inhibition of the interaction between PLP and 
ISG15 (Interferon-stimulated gene 15) causes the reactivation 
of the innate immunity leading to the silencing of the virus 
replication (see Figure 5).

Our approach highlights the potential role of PLP-ISG15 
signaling as an escape mechanism to the early response to the 
SARS-CoV-2 infection. A recent publication [11] strengthening 
this hypothesis states that the overexpression of ISG15 in a 
cellular model of infections, as well as the statistical enrichment 
of gene expression networks associated with interferon, 
mediated immune response. 



Figure 5: Comparative simulation of Non 
coronavirus (Non-CoV) viral infection and 
SARS-CoV-2 effects on host response: Contrary to 
Non-CoV, SARS-CoV-2 proteins silence the innate 
immunity leading to virus replication. Inhibition of 
the interaction between the viral PLP protein and 
the host ISG15 protein restores early immune 
response and blocks the virus replication.

CONCLUSION
In short, with BIOVIA Living Map, scientists can collaborate, 
understand and annotate the mechanisms of a disease on 
the 3DEXPERIENCE® platform. Biologists can build and 
use models to investigate R&D hypotheses by simulation. 
In this work, we have constructed a dynamic model by 
assembling generic coronavirus cell signaling pathways 
published before the emergence of the COVID-19 pandemic. 
We have customized and validated our model with more specific 
and recent SARS-CoV-2 knowledge. We then launched simulations 
to investigate candidate drugs for repurposing and simulations to 
propose new candidate therapeutic intervention points.

Although the system did not predict an approved drug to 
reverse the virus-induced disease phenotypes, we identified 
a virus-host protein interaction with the potential of being 
effective. Our model suggests that inhibition of the PLP-ISG15 
interaction would restore the innate immunity, likely leading 
to a reduction of virus replication at an early stage during the 
course of virus infection. 

The recent publication of a SARS-CoV-2 PLP crystallographic 
structure [12] paves the way for the guided design of such 
inhibitors using molecular modeling and simulation as described 
by A. Goupil-Lamy et al. [8]

REFERENCES
1. Licata L, Lo Surdo P, Iannuccelli M, Palma A, Micarelli 

E, Perfetto L, Peluso D, Calderone A, Castagnoli L, 
Cesareni G. SIGNOR 2.0, the SIGnaling Network Open 
Resource 2.0: 2019 update. Nucleic Acids Res. 2020 Jan 
8;48(D1):D504-D510. doi: 10.1093/nar/gkz949. PMID: 
31665520; PMCID: PMC7145695.

2. Fung TS, Liu DX. Human Coronavirus: Host-Pathogen 
Interaction. Annu Rev Microbiol. 2019 Sep 8;73:529-
557. doi: 10.1146/annurev-micro-020518-115759.  
2019 Jun 21. PMID: 31226023.

3. Armstrong JF, Faccenda E, Harding SD, Pawson AJ, 
Southan C, Sharman JL, Campo B, Cavanagh DR, Alexander 
SPH, Davenport AP, Spedding M, Davies JA; NC-IUPHAR. 
The IUPHAR/BPS Guide to PHARMACOLOGY in 2020: 
extending immunopharmacology content and introducing 
the IUPHAR/MMV Guide to MALARIA PHARMACOLOGY. 
Nucleic Acids Res. 2020 Jan 8;48(D1):D1006-D1021. 
doi: 10.1093/nar/gkz951. PMID: 31691834; PMCID: 
PMC7145572.

4. Hilgenfeld R, Peiris M. From SARS to MERS: 10 years 
of research on highly pathogenic human coronaviruses. 
Antiviral Res. 2013 Oct;100(1):286-95. doi: 10.1016/j.
antiviral.2013.08.015. Epub 2013 Sep 6. PMID: 
24012996; PMCID: PMC7113673.

5. Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. 
Pharmacologic Treatments for Coronavirus Disease 
2019 (COVID-19): A Review. JAMA. 2020 May 
12;323(18):1824-1836. doi: 10.1001/jama.2020.6019. 
PMID: 32282022.

6. Mortaz E, Tabarsi P, Varahram M, Folkerts G, Adcock 
IM. The Immune Response and Immunopathology of 
COVID-19. Front Immunol. 2020 Aug 26;11:2037. doi: 
10.3389/fimmu.2020.02037. PMID: 32983152; PMCID: 
PMC7479965.

7. Luu, Tien. Pharmacophore-guided Virtual Screening for 
Drug Repurposing. 2020 Jun 30; 3DS BIOVIA blog

8. Goupil-Lamy A. Inhibiting SARS-CoV-2 Main Protease. 
2020 May 5; 3DS BIOVIA blog

9. Freitas BT, Durie IA, Murray J, Longo JE, Miller HC, Crich 
D, Hogan RJ, Tripp RA, Pegan SD. Characterization 
and Noncovalent Inhibition of the Deubiquitinase and 
deISGylase Activity of SARS-CoV-2 Papain-Like Protease. 
ACS Infect Dis. 2020 Aug 14;6(8):2099-2109. doi: 
10.1021/acsinfecdis.0c00168. Epub 2020 Jun 4. PMID: 
32428392; PMCID: PMC7274171.

https://blogs.3ds.com/biovia/pharmacophore-guided-virtual-screening-for-drug-repurposing/
https://blogs.3ds.com/biovia/pharmacophore-guided-virtual-screening-for-drug-repurposing/
https://blogs.3ds.com/biovia/drug-repurposing/


©
20

20
 D

as
sa

ul
t S

ys
tè

m
es

. A
ll 

ri
gh

ts
 re

se
rv

ed
. 3

D
EX

P
ER

IE
N

CE
, t

he
 C

om
pa

ss
 ic

on
, t

he
 3

D
S 

lo
go

, C
A

TI
A

, B
IO

VI
A

, G
EO

VI
A

, S
O

LI
D

W
O

R
KS

, 3
D

VI
A

, E
N

O
VI

A
, E

XA
LE

A
D

, N
ET

VI
B

ES
, M

ED
ID

A
TA

, C
EN

TR
IC

 P
LM

, 3
D

EX
CI

TE
, S

IM
U

LI
A

, D
EL

M
IA

, a
nd

 IF
W

E 
ar

e 
co

m
m

er
ci

al
 tr

ad
em

ar
ks

 
or

 re
gi

st
er

ed
 tr

ad
em

ar
ks

 o
f D

as
sa

ul
t S

ys
tè

m
es

, a
 F

re
nc

h 
“s

oc
ié

té
 e

ur
op

ée
nn

e”
 (V

er
sa

ill
es

 C
om

m
er

ci
al

 R
eg

is
te

r #
 B

 3
22

 3
06

 4
40

), 
or

 it
s 

su
bs

id
ia

ri
es

 in
 th

e 
U

ni
te

d 
St

at
es

 a
nd

/o
r o

th
er

 c
ou

nt
ri

es
. A

ll 
ot

he
r t

ra
de

m
ar

ks
 a

re
 o

w
ne

d 
by

 th
ei

r r
es

pe
ct

iv
e 

ow
ne

rs
. U

se
 o

f a
ny

 D
as

sa
ul

t 
Sy

st
èm

es
 o

r i
ts

 s
ub

si
di

ar
ie

s 
tr

ad
em

ar
ks

 is
 s

ub
je

ct
 to

 th
ei

r e
xp

re
ss

 w
ri

tt
en

 a
pp

ro
va

l.

Europe/Middle East/Africa
Dassault Systèmes
10, rue Marcel Dassault
CS 40501
78946 Vélizy-Villacoublay Cedex
France

Americas
Dassault Systèmes
175 Wyman Street
Waltham, Massachusetts
02451-1223
USA

Asia-Pacific
Dassault Systèmes K.K.
ThinkPark Tower
2-1-1 Osaki, Shinagawa-ku,
Tokyo 141-6020
Japan

Our 3DEXPERIENCE® Platform powers our brand 
applications, serving 11 industries, and provides a rich 
portfolio of industry solution experiences. 
Dassault Systèmes, the 3DEXPERIENCE Company, is a catalyst for human progress. 
We provide business and people with collaborative virtual environments to imagine 
sustainable innovations. By creating ‘virtual experience twins’ of the real world with 
our 3DEXPERIENCE platform and applications, our customers push the boundaries of 
innovation, learning and production. 

Dassault Systèmes’ 20,000 employees are bringing value to more than 270,000 
customers of all sizes, in all industries, in more than 140 countries. For more information, 
visit www.3ds.com.

DS-9969-0221

10. Shin D, Mukherjee R, Grewe D, Bojkova D, Baek K, 
Bhattacharya A, Schulz L, Widera M, Mehdipour AR, 
Tascher G, Geurink PP, Wilhelm A, van der Heden van 
Noort GJ, Ovaa H, Müller S, Knobeloch KP, Rajalingam K, 
Schulman BA, Cinatl J, Hummer G, Ciesek S, Dikic I. Papain-
like protease regulates SARS-CoV-2 viral spread and innate 
immunity. Nature. 2020 Jul 29. doi: 10.1038/s41586-
020-2601-5. Epub ahead of print. PMID: 32726803.

11. Prasad K, Khatoon F, Rashid S, Ali N, AlAsmari AF, 
Ahmed MZ, Alqahtani AS, Alqahtani MS, Kumar V. 
Targeting hub genes and pathways of innate immune 
response in COVID-19: A network biology perspective. Int 
J Biol Macromol. 2020 Nov 15;163:1-8. doi: 10.1016/j.
ijbiomac.2020.06.228. Epub 2020 Jun 26. PMID: 
32599245; PMCID: PMC7319641.

12. Daczkowski CM, Dzimianski JV, Clasman JR, Goodwin 
O, Mesecar AD, Pegan SD. Structural Insights into the 
Interaction of Coronavirus Papain-Like Proteases and 
Interferon-Stimulated Gene Product 15 from Different 
Species. J Mol Biol. 2017 Jun 2;429(11):1661-1683. doi: 
10.1016/j.jmb.2017.04.011. Epub 2017 Apr 21. PMID: 
28438633; PMCID: PMC5634334.


