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EXTRACTING INFORMATION ON VIRUS-HUMAN INTERACTIONS AND ON ANTIVIRAL
COMPOUNDS BASED ON AUTOMATED ANALYSIS OF LARGE TEXT COLLECTIONS
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The development of effective antivirals is of great importance due to the threat associated with the rapid spread
of viral infections. The accumulation of data in scientific publications and in databases of biologically active
compounds provides an opportunity to extract specific information about interactions between chemicals and
their viral and host targets. This information can be used for elucidation of knowledge about potential antiviral
activity of chemical compounds, their side effects and toxicities. Our study aims to extract knowledge about
virus-host interactions and potential antiviral agents based on the mining of massive amounts of scientific publications.
With a set of previously developed algorithms, we have extracted comprehensive information on virus-host interactions
and chemical compounds that interact with both viral and host targets. We collected data on the interactions
of several viruses, including hepatitis B and C viruses, SARS-CoV-2, influenza A and B, and herpes simplex viruses,
with (1) the host (human body), (2) potential antiviral agents, and, also extracted information on the interactions
between potential antiviral agents and host proteins. Based on the data analysis performed, we created a freely available
knowledge base on the interaction of chemical compounds with viral proteins and their host targets, allowing

the exploration of both well-studied and recently discovered novel virus-host-chemical-compound interactions.
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INTRODUCTION

The development of novel, more safe and effective
drugs requires high costs and long time that
should be spent on the discovery of new pharmaceutical
agents [1]. Therefore, development of computational
approaches is in high demand to decrease time and costs
spent for research in drug discovery. Computational
methods utilize experimental data published
in scientific articles and stored in databases
of biologically active compounds. The rapid growth
of scientific research in the field of drug discovery and
development lead to the accumulation of a large
number of publications. The scientific publications
are the primary source of information about
biological activities of chemical compounds and
disease pathogenesis. Therefore, knowledge extraction
from the main text of the publication and its abstract
can be helpful for enriching the information about
biological activity of chemical compounds, including
mechanisms, their pharmacological and side effects,
toxicity, drug indication, drug-drug interactions
and drug repurposing. In addition, the extraction
of knowledge about molecular mechanisms
of diseases and disorders can be profitable
for the development of novel therapeutic strategies
and discovery of new drugs. Such information
is particularly important for the development of novel,
effective, and safe antivirals in a short timeframe
in the event of new threats arising from the rapid spread
of a new or rare virus.

Previously we developed algorithms aimed
at named entity recognition in the scientific texts [2, 3]
and for extracting relationships between the recognized
entities [3].

The aim of this study was to extract information
about the interactions between the virus and the host
(human) organism, as well as the mechanisms
and effects of potential antiviral compounds,
based on algorithms of automated text analysis, that
we developed earlier. Also, we performed the search
of extracted data in the databases of biologically
active compounds and protein sequences. Based
on the extracted knowledge, we have created
a freely available knowledge base [4] that provides
information on the interaction between viruses and
their hosts, and on chemical compounds interacting
with viral and host targets with the cross-links
on the external database (ChEMBL v.34).

METHODS

The approach for extracting information of antiviral
chemical compounds is based on the automated
selection of relevant publications using keywords,
followed by the recognition of named entities and
the extraction of associations between them.
The proposed computational method for chemical
and biological named entity recognition is based
on a combination of the methods: conditional
random fields [3], a self-developed naive Bayesian
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approach [2], and the Hunflair method [5]. We assumed
that a given entity belonged to the name of a chemical
compound, biological macromolecule or disease,
if it was recognized successfully by at least
two of the three machine learning algorithms
mentioned above. We used a combination
of machine learning methods, followed by the use
of semi-automatically prepared dictionaries containing
synonyms and annotations of chemical compounds and
biological molecules. These dictionaries are compiled
with automated queries to the ChREMBL and UniProt
databases. Such a strategy provides reasonable accuracy
of named entity recognition in five-fold cross-validation
procedure (Table 1). Additionally, we have prepared
and used the set of filters to remove false positive
named entities that take into account matching the type
of named entity (i.e. biological or chemical molecule)
using the developed dictionaries, and by removing
the incorrect characters included in the named entity,
such as “@”, “!”, “<”, etc. We used regular expressions
to detect miRNAs, single nucleotide polymorphisms
and amino acid substitutions.

The performance of named entity recognition
using our method is, in general, comparable with
the most recent and powerful method, HunFlair,
with lower performance in diseases and disorders

recognition. The comparison results might have
some bias due to usage of different training and
test corpora. Enrichment of dictionaries and training
based on several corpora may be helpful in increase
the performance of recognition.

The associations and relationships between
chemical and biological objects (viral and host proteins,
genes, miRNAs) are extracted using three strategies
(Fig. 1). First, named entities are extracted from
the set of publications strictly relevant to the scientific
topic [6]. This method allows the identification
of general concepts of the scientific topic or specific
molecular mechanisms of the disease under study,
that are described in the articles. Using such approach,
we investigated possible types of virus-host interactions
that may be shared between SARS-CoV-2 and several
other viruses, and found some molecular mechanisms
that might be shared between HIV-1 and dengue virus
infections [6]. The second approach is based
on the usage of the so-called template phrases
in the texts of abstracts and was evaluated in the case
studies of extracting key target proteins involved
in the mechanisms of HIV infection progression [7]
and the Hedgehog-pathway associated mechanisms
of cancer [3]. Third, we use co-occurrences
for extracting associations between entities.

Table 1. Accuracy of named entity recognition based on machine learning followed by terms search in dictionaries

and the comparison with earlier developed method

Our method HunFlair [5]
Type of named entity
Precision Recall F;-score Precision Recall F;-score
Chemicals 0.89 0.83 0.86 0.88 0.88 0.88
Proteins and genes 0.87 0.84 0.85 0.84 0.86 0.85
Diseases and disorders 0.84 0.79 0.81 0.86 0.87 0.86

The set of
abstracts
relevant to
scientific topic

Named entity recognition

In this study, effective inhibitors against
;?ﬁmesized using GRL-0048 as a lead. A
docking simulation of GRL-0048 and SARS-
CoV-2 PLe=e. showed that GRL-0048
noncovalently interacts with PL2, and there

In this study, effective inhibitors against
PLez. of SARS-CoV-2 were designed and
synthesized using GRL-0048 as a lead. A
docking simulation of GRL-0048 and SARS-
CoV-2 PLexe. showed that GRL-0048
noncovalently interacts with PLe, and there
is a newly identified binding pocket in PLeze.,

e

Extraction of associations

Rule-based approach

Co-occurrences

GRL-0048 interacts with PLex
PLE’--‘TS?.Z?c’]LW?ZgS to SARS-CoV-2

Figure 1. Principles of extracting associations and relationships between entities in text.
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In the first strategy, we collect a set of texts
strictly relevant to the topic of the interest. We consider
all named entities corresponding to biological
molecules (proteins, genes, etc.) recognized in the texts
of publications strictly related to the specific subject
(i.e. disease, pathological condition, etc.). The selection
of relevant publications is typically done either using
a set of keywords, MeSH terms, or based on machine
learning models (support vector machines, random
forest, artificial neural networks) aimed at selecting
publications relevant to the inhibition of SARS-CoV-2
replication. We tested this strategy in the selection
of relevant publications using Long Short-Term
Memory (LSTM) recurrent neural networks (RNN).
The performance of relevant publications recognition
(F,-score) was evaluated by dividing the whole set
in two equal sets (by 50% of the whole set into
training and test sets respectively). F,-score of relevant
publication recognition was 0.84 for classification
of publication sets with publications relevant
to experimental testing of SARS-CoV-2 inhibitors
in cell-based and cell-free assays.

The second approach uses a set of rules, which
were implemented with the so-called pattern phrases
that described particular relations between the objects
corresponding to the identified entities in the text.
We have demonstrated that the accuracy of association
recognition using this approach, F,-score = 0.84,
is consistent with the accuracy of most different
association detection methods [3]. We define a relation
as a link between two objects in a form of pattern
phrase defining the semantic of their co-existence
in the framework of a sentence (text fragment)
in a way that corresponds with their previously
recognized entity. For example, the indication
in the text that a certain substance S interacts with
a particular protein E can help to determine the relation
“S interacts with E” based on the analysis of the pattern
phrases and their synonyms. If the named entities
are found in the text of a scientific publication
based on co-occurrence, but the particular relationship
is not defined, we consider it as association.
In some cases, relations between entities in sentences
cannot be extracted using phrase patterns, but such
associations can be assumed based on context
(e.g., names of proteins and viruses to which they
belong). In such cases we used a co-occurrence of terms
as an approach for extracting associations.

The third strategy is based on the detection
of two objects in the same abstract text that are relevant
to a particular scientific topic. More frequent
co-occurrences correspond to the well-studied
associations, and rare co-occurrences may represent
newly discovered associations, so we do not distinguish
statistically significant differences in occurrence
frequencies and consider every association found
as a result of co-occurrence identification.

We extracted information about the interactions
of chemicals with viruses and host targets and to build
a freely available knowledge base [4].

RESULTS AND DISCUSSION

We collected data for a number of viruses,
including hepatitis B and C viruses, SARS-CoV-2,
influenza A and B, and herpes simplex virus
as having the high impact on the human health
and analyzed in multiple publications. We extracted
data on the interactions of these viruses with
(1) the host (human body), (2) potential antiviral drugs.
The data on interaction with both host and viral targets
can be represented in literature as the results of various
in vitro experiments in both cell-based and cell-free
assays: these data were extracted using the developed
approach. We also extracted the associations
on interactions between known antiviral drugs
and the host (human body), and the information
on interactions between potential antiviral drugs and
host proteins. To extract associations and relationships
between named entities associated with the viruses,
the host and potential antiviral chemical compounds,
we collected texts relevant to (1) virus-host
interactions and (2) the in vitro and in vivo studies
of 77 known drugs and their synonyms retrieved
from the ChEMBL database (v.34), which were used
in the queries based on MeSH terms and keywords.
A total of 171735 texts were collected and
used for information retrieval. We extracted
over 83000 unique chemical named entities, genes,
and 11878 proteins; 8848 and 7544 of them were found
in the databases, respectively (Table 2).

Based on the data analysis performed,
we have created a freely available knowledge base
on the interaction of chemical compounds with viral
proteins and their host targets. The current version

Table 2. Extracted data on chemical named entities, proteins, genes, and diseases

Entity type Number of entities exfrac.ted from NumF)er of entities found
abstracts of publications in the databases
Chemicals 83571 8848
Proteins/ Genes 11878 7544
miRNAs 5106 —
Disease 55080 51028
Amino acid substitutions and SNPs 111224 10953
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of the knowledge base contains 5683 records on entities
identified in the publications and the relations and/or
associations between them. The knowledge base
includes the names and identifiers with the cross-links
to the ChEMBL database of the objects corresponding
to named entity in the texts of publications and
the types of relations identified based on the texts
of publications. For instance, the relations described
the semantic links between a chemical and a disease
may include “may cause”, “used in therapy of”,
“has positive effect on”, “increases risk of’, etc.
Knowledge base is available on the Internet [4].
The knowledge base includes the 5430 relations
between the identified entities and 253 associations,
for which exact type of relations is unknown.

Number of relations and associations between
particular entities is provided in Table 3.

In particular, the number of relations between
entities reflects the specific topic of the scientific texts
retrieved for analysis. Since most of the publications
were retrieved by the query that included or
was associated with the name of an antiviral drug,
the majority of the entity relations were found
to be between chemical and disease and between
a pair of chemicals. At the same time, some
publications were relevant to virus-host interactions
and in vitro or in vivo testing of the activity of chemical
compounds, so we also extracted over 1200 relations

between chemicals and proteins/genes that reflect
the particular molecular mechanism of an antiviral
chemical compound or a particular viral disease.

The types of relations for chemicals-chemicals
are provided in the Figure 2. They can be particularly
useful for selection of the most promising
pharmaceutical agents and drugs with antiviral effect
and their combinations.

Extracted data implemented in the knowledge base
can be useful for understanding the molecular
mechanisms of known antiviral agents against
different viruses, which may be particularly useful
for evaluating candidates against different viral
infections in cases where a chemical compound or
combinations is active against one virus is found
to be active against another virus. An example
of such cases can be studies of cidofovir, which
is active against human cytomegalovirus infection [8],
in its use against vaccinia virus [9, 10], cowpox
infection [9], and in treatment of papillomas
associated with human papillomavirus infection [11].
We believe that the developed knowledge base
can also be useful in understanding which drugs or
drug combinations can be used to treat specific
viral infections, which chemical compounds have been
evaluated against specific viral and host targets,
and provides the ability to look up the source
of the information retrieved.

Table 3. Extracted data on chemicals-virus-host interactions

Entity type Number of relations found in literature between entities identified in the databases
Chemical-disease 1673
Chemical-chemical 1227
Chemical-gene/protein 1204
Chemical-SNP 397

6.53 %
1.66 % @i
1.46 %

10.1 %

0.75 %
0.85 %

B Are used in combination

B Interacts

® Is a prodrug of

® Lead to reduction of

® Leads to an unspecified effect
® Positive effect

» Transformed into
40.1 %

Figure 2. Types of relations between chemicals extracted from the literature and those included in the knowledge base.
The color version of the figure is available in the electronic version of the article.
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CONCLUSIONS

By application of the set of earlier developed
algorithms of text and data mining, we extracted
the knowledge about interactions between chemicals,
virus, and host targets. Additionally, we extracted
information about amino acid substitutions that
could be associated with viral drug resistance,
SNPs that could be associated with susceptibility
to a particular drug or viral infection. The extracted
knowledge was shaped as a freely available
knowledge base [4] containing information about
pairwise relations between chemicals, viral and host
targets, diseases. Information on virus-host interactions
is useful for a comprehensive understanding
of viral infection mechanisms and the development
of new therapeutic strategies.
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W3BJIEYEHUE HH®OPMAIIUU O B3AMMOJIEMICTBAU BUPYCOB
C OPTAHU3MOM YEJIOBEKA U O MNPOTUBOBUPYCHbBIX COEIJUHEHUAX
HA OCHOBE MHTEJLJIEKTYAJIBHOI'O AHAJIM3A BOJIBIINX KOJJIEKIIMIA TEKCTOB

O.A. Tapacosa*, H.IO. bu3zwkosa, E.A. Cmonéosa, J1.A. Cmonéos, P.P. Takmawos, /I.A. Kapaces, H.C. Honos,
C.M. Hesanos, A.B. /Imumpues, A.B. Pyoux, /I.C. /Ipystcunoeckuii, b.H. Cobones, /I.A. Dunumonos, B.B. Ilopoiikos

HayuHo-uccnenoBarensCkuii HHCTUTYT OnomenuiuHckoi xumun uM. B.H. Opexosuua,
119121, Mockaa, IToromunckas yi., 10; *3m1. moura: olga.a.tarasova@gmail.com

Pa3paboTka >3 peKTHBHBIX NPOTHBOBUPYCHBIX MIPENapaToB HMEET OIPOMHOE 3HaYE€HHUE B CBS3U C BO3MOXKHOCTBIO
OBICTPOTO pacmpocTpaHeHUs BUPYCHBIX HH(pexkumid. Haxomnenwe cBemenumii B 0a3ax MaHHBIX OWOJIOTHYECKH
aKTHBHBIX COCAMHEHUI W B HAyYHBIX MyOIMKAIMAX JAT BO3MOKHOCTH M3BJIEKaTh MH(OPMAIMIO O B3aWMOICHCTBUH
MEKAYy MHIICHSIMH OPraHU3Ma 4eJoBeKa M (papMaKoJIOTHYECKH AKTUBHBIMU BEIECTBAMH. JTa MH(OpPMALUS MOXKET
OBITH HCHONB30BaHA IS TONYYSHHs 3HAHMH O IMOTCHIUAIBHON (hapMaKoJIOTHYECKOW aKTUBHOCTH XUMUYECKUX
COCIMHEHUH, X MoOoUHBIX 3ddekTax n TokcmuHocTH. Llenp Hamero mccienoBaHus — H3BIEYCHUE MH(OpMaLH
0 B3aMMOJEHCTBUHM BHpyCa M OpPraHM3Ma 4YEJIOBEKa, a TAKXKE O IOTEHIMAIbHBIX NMPOTHBOBUPYCHBIX COEIMHEHHUSX
Ha OCHOBE aBTOMAaTHUYECKOTO aHaji3a OOJBIIOT0 MaccuBa HAy4HBIX MyOnukanuii. C IOMOIIBIO pa3padOTaHHBIX paHee
W YCOBEPIICHCTBOBAHHBIX B PaMKax HACTOAIICH pabOTHI METONOB MBI M3BICKIM HMH()OPMALUIO O B3aWMOICHCTBUH
BUpYCa M XO35IMHA ¥ HAUMEHOBAHUAX COCIWHEHMH, KOTOPBIE B3aMMOICHCTBYIOT C OEIKaMH BUPYCOB MM OpPraHU3Ma
yejoBeka. Mbl coOpayii JJaHHbIE O B3aMMOJCHCTBMM HECKOJBKHX BUPYCOB, BKIIouash BHpychl remaruta B m C,
SARS-CoV-2, rpunna A u B u Bupyca npocroro repmeca, ¢ (1) opraHusmMom uenoBeka, (2) HOTEHLIHMATbHBIMU
POTHBOBUPYCHBIMH COCIMHEHHUSMH, a TaKkKe HH(OpPMAIMI0 O B3aMMOIEHCTBUU MEXIY IOTEHIMaJIbHBIMH
MIPOTUBOBUPYCHBIMHA COCAMHCHMSAMH M Oenkamu Xo3simHAa. Ha OCHOBE NpOBENEHHOrO aHaiIM3a JaHHBIX CO3/1aHa
cBOOOIHO TOCTyMHAs 6a3a 3HAHUHA O B3aMMOJCHCTBUH XUMHICCKUX BEIIECTB C OeTKaMi BUPYCOB, OEIKaMU OpraHH3Ma
YeJIoBeKa, BKIJII0Yasl JIEKapCTBEHHBIE COSIMHEHNU S, NX B3aMOACHCTBHE U IPUMEHEHHE B TePAlni BUPYCHBIX MHPEKIUH
U APYTHX 3a00IeBaHUM.

Tonnvlii mexem cmamou Ha pycckom sA3vike 00cmynen Ha catime dcypuana (http://pbmc.ibme.msk.ru).

KiioueBble cjI0Ba: B3aMMOJEHCTBHE “BHPYC-OPTaHM3M 4YEIOBEKa’; XUMHUYECKHE COCAUHEHUsS; OHOIIOTHYeCKas
AKTUBHOCTDL; IPOTUBOBUPYCHLIC COCIUHCHUA HHTeHHeKTyaHBHLIﬁ aHaJIu3 TCKCTOB

®duHaHcupoBanue. lcciienoBaHue BBIMOJIHEHO Opu Toajaepxkke I[IlporpamMmbl (yHIAMEHTANBHBIX HAYYHBIX
uccnenoBannii B Poccutickoit @epepannu Ha monrocpounsiil mepuoxn (2021-2030 rr) (Ne 124050800018-9).

IMocrynuna B pegakuuto: 15.10.2024; mocne nopadotku: 10.12.2024; npunsTa k medaru: 11.12.2024.

474



