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Biodiversity is a natural source of Big data in Life science



Big data in Life Science
Natural cell communities

• Microbiome

Genome databases (Genbank, NCBI, etc.)

Metabolome and proteome databases

Chemical and genome libraries

• Immune cell
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The era of big data in life sciences

Genomics

Proteomics

Structural biology

Metabolomics 

Quantum chemical calculations

Electronic medical records (EMR)

Imaging: medical imaging data (MRI, CT, X-ray)



MESSAGE

•THE ERA OF BIG DATA
• Why we need more species than exist in nature (the 

reason to develop synthetic biology)?

• How to produce expanded repertoires with pre-designed 
novel functionalities?

• How proceed screening of existing huge functional 
repertoires with demanded properties?

• Answer:  Library screening & Compartmentalization & 
ML, AI



The world largest statue of Firedrake (Dragon Gorynych) Kamenka, Lipetskaya region, Russian Federation

Biodiversity



MESSAGE

Combinatorial Chemistry and 
Biology a hallmark of XXI 
century



Chemical Libraries

✓Mimotope Strategy

✓Parallel Synthesis of
Combinatorial libraries

✓One-Bead, One-Peptide
Solid-Support Technology

✓Positional Scanning, and Robotics
Library Technology



“Biological libraries”

Tagged Methodologies:

✓Phage Technology

✓Peptides on Plasmids

✓Peptide coded Libraries

✓Electrophoric Polyhalobenzene
Coded Libraries

✓Encoded Combinatorial
Libraries

Based on a physical link between a protein and 
its encoded gene – the best known system is 
phage display.

Filamentous phage

The product of gene 8 (g8p) – is a small 
protein that forms the cylinder of the capsid; 
its number of copies (2700 for the wild-type 
phage). The other coat proteins (g3p, g6p, g7p 
and g9p) close the extremities of the cylinder. 
The product of gene 3 – present in three to 
five copies – is responsible for phage 
infectivity.
Proteins of interest are usually fused by their 
C-terminal to g3p or to g8p. 



DNA-encoded chemical libraries,DECL



Franzini et al., Acc Chem Res., 2014

DECL:
Between Chemistry and Biology

Chemistry Biology

Chemical 
space



DECL:
Between Chemistry and Biology



Combinatorial approachRational design

High resolution 3D Effective screening

Directed evolution



MESSAGE

•New approaches to solve old problems:
• -To create optimal binding/biocatalytic protein 

platform using different protein folds (enzymes, 
antibodies)

• To speed up chemical evolution of low molecular 
weight compounds (substrates, inhibitors, effectors)



MESSAGE

Immunology
gives us a huge number of 
structural combinations 



MESSAGE

Immune system is the main 
defender of organism.
How may we use principles of 

immune system machinery to 
improve the defense using  
combinatorial chemistry & 
biology? 



B cell diversity allows to design 
proteins with novel functionality:

Evolution in test –tube

To analyze Phenotype - Genotype

MESSAGE



From human-guided in vitro evolution to ML-guided in silico evolution



Edward Jenner – father of immunology



smallpox vaccine, the world's first vaccine.



Paul Ehrlich
1854-1915

Ilya Mechnikov
1845-1916

Discovered macrophage in 1882
Grand father of Modern 
“Innate Immunity”

Nobel Prize of 1908
Physiology or Medicine

Grand father of Modern 
hematology, immunology and 
chemotherapy & pharmacoloy.





Magic bullet
Ehrlich reasoned that if a 
compound could be made 
that selectively targeted a 
disease-causing organism, 
then a toxin for that 
organism could be delivered 
along with the agent of 
selectivity. Hence, a "magic 
bullet" (magische Kugel, his 
term for an ideal 
therapeutic agent) would be 
created that killed only the 
organism targeted. The 
concept of a "magic bullet" 
was to some extent realized 
by the invention of 
monoclonal antibodies as 
they provide a very specific 
binding affinity.



Susumu Tonegawa
Nobel prize 1987



Структура генов легкой (L) цепи иммуногло-

булинов  (у человека 2-я и 22-я хромосомы) 

Структура генов тяжелой (Н) цепи иммуноглобулинов  (у человека 14-я хромосома) 

L

JH 1-6 C C C3 C1 φCε C1 C2 C4 Cε C2

C

C

VDJ C3 C1VDJ C VDJ

C

C

C3

C1

φCε

C1

Cинтез

IgM
Переключение с синтеза IgM и IgD 

на IgG3
Переключение с синтеза IgG1 

на IgA1

V J C

L1VH1 L2VH2 … L51V51 DH 1-27

Genomic organization of immunoglobulins



Binding
(Phenotype – formation of complex)

1. SELEX
2. Ribosome display 
3. mRNA display
4. Phage display
5. Cell display

(Phenotype – any product)

In vitro compartmentalization

Genotype

Genotype-phenotype
linkage

Universal screening technologies

Dan Tawfik

Chemicals, 

potential drugs



MESSAGE

Ultrahigh-throughput screening (uHTS) 
techniques can identify unique functionality 
from millions of variants. 

Compartmentalization 

is a powerful tool in screening technologies

Human-guided in vitro direct screening of big 
data



Single cell encapsulation is the key step of the uHTS

Terekhov , Smirnov et al.,  PNAS 2017

Microbiota from 

wild animals

Soil microbiota

Microbiota from 

exotic sources

Hydrophilic chip

W/O/W 

drops

W/O 

dropsCells

Water

Oil

Hydrophobic chip

Stas Terekhov

Big Data

AI-guided sequence-based 

search of antibiotic producers



Microfluidic platform for ultrahigh-throughput screening 

(uHTS microdroplet emulsion (MDE)-Platform)

Terekhov, Smirnov et al.,  PNAS 2017

Agresti et al., PNAS 2010

Time and costs for the screening 
using traditional methods and in 

microfluidic emulsions



Ultrahigh-throughput single cell screening

Direct evolution of enzyme: Selection of enzymes with different 
specificity and level of activity

Terekhov, Smirnov et al.,  PNAS 2017

What is it for?

✓ Specificity of enzyme: Optimization of therapeutics recombinant protein production

✓ Activity of enzyme: Rate of garbage destruction, effectivity of biofuel production

✓ Inhibitors of enzyme: Stop of pathological processes cancer/autoimmunity/infection



Oral microbiota of Siberian bear as an alternative source 
of S. aureus killers and antibiotic producers  

New bacterial strains 
efficiently inhibiting 

S. aureus growth were 
selected using the 

developed microfluidic 
platform



Oral microbiota of Siberian bear as an alternative 
source of S. aureus killers and antibiotic producers  

Terekhov, Smirnov et al., PNAS 2018

Valentin 

Vlassov



Multi-omics approach that was applied for discovery 
of regulation of Ami production

Genome analysis

Proteome analysis

Terekhov, Smirnov et al., PNAS 2018

Operon mining

ML-guided genome data 

discrimination



Amicoumacin A activity regulation

Terekhov, Smirnov et al., PNAS 2018



Front Up

Reaction of amicoumacin kinases with substrate 
leads to close conformation of enzyme

Terekhov et al., Science Adv. 2020



Atomistic details of the reaction

Terekhov et al., Science Adv. 2020



Peptides

No phosphorylation of 

NSL-NH2 SL-NH2NSLY-NH2 SLY-NH2

AmiN

AmiN derived from protein kinase? AmiN, hAmiN, SubAmiN
were inactive against:

Aminoglycosides

• Kanamycin

• Gentamicin

Macrolides

• Erythromycin

• Tylosin

Tetracycline class

• Tetracycline

• Doxycycline

Analysis of specificity of AmiN kinase



AmiN

Identification of Ami 
weak points 

AmiN
target

Unstable

Rational design of semisynthetic antibiotics

Joseph
Schlessinger



MESSAGE

COVID 19 

Serology of the 21st century

We need to work with individual Immune cells



César Milstein
1927-2002

Georges J.F. Köhler
1946-1995 

Nobel Prize 1984 "for the theory of specificity in the 

development and control of the immune system and 

the discovery of the principle of the formation of 

monoclonal antibodies."



Khadke et al. Virol J    (2020) 17:154 Page 4 of 18

Viral replication pathway of Covid-19. The virus first attaches to the ACE2 receptor and internalizes into the respiratory epithelial cell and causes the release of its genome. The S 

protein (spikes on the viral surface responsible for attachment to host cell receptors), M protein (shapes the virion, promotes membrane curvature and binds to the nucleocapsid), E 

protein (helps with viral assembly and release)



The production of monoclonal antibodies

Phage-

display

Hybridoma 

technique

Single B-cell approach

In silico 
maturation



FDA gives emergency OK to Lilly's antibody treatment for Covid-19



MESSAGE

Ultrahigh-throughput screening (uHTS) 

techniques can identify unique 

functionality from millions of variants of 

eucariotic cells. 



Reconstruction of the natural B-cell repertoire

Single-cell droplet microfluidics enables preserving the 

native pairing of human immunoglobulin chains

Guo Y. et al. Nature Communications. 2021.

Lomakin Y. A. et al. Communications Biology. 2024.



MESSAGE

Why we need Artificial intelligence and Machine 
learning to solve immunological problems?

Antibody Epitope Prediction

Functional Profiling of Antibody Repertoires

Identification of novel viral neutralization mechanisms



Experiment-driven target ML application

A visual representation of the 12-class model 

used for antibody dataset classification 

ACE2-blocking and SARS-CoV-2 neutralizing 

properties distribution 

Trained on 450+ 

experimental crystal 

structures Terekhov et al., Nature Communications, 2026



Prediction of antibody epitopes

RBD-AIM computational pipeline

The confusion matrix for the predicted antibodies 

across epitope classes calculated using the RBD-AIM 

pipeline

Terekhov et al., Nature Communications, 2026

Hermann   

Gref

AntiBerty is model to predict 

the epitope class from the 

input light and heavy chains 

of an antibody



https://rbdaim.2a2i.org/

https://rbdaim.2a2i.org/


Functional profiling of antibody repertoires

Terekhov, Smirnov et al., Nature Communications 2026



Identification of Novel Mechanisms of Virus Neutralization



Development of virus-neutralizing antibodies

C-class
E22-class

NS – non-significant

Terekhov, Smirnov et al., Nature Communications 2026



Predicting Antibody Antigen Determinants Using Artificial Intelligence



Terekhov, Smirnov et al., Nature Communications 2026

Searching for antibodies with specific properties using artificial intelligence



MESSAGE

AI & ML Studies of Tumor infiltrating 
lymphocytes.

Discovery of novel antigens, epitopes for 
development of therapeutic antibodies and 

CARs



Tumor-infiltrating B lymphocytes

Sharonov et al., Nat Rev Immunol. 2020



Screening TIB repertoires for tumor-specific ABs 



Identification of antigen of 3.4





Human xenograft visualization using 3.4-sCy7 conjugates

3.4-sCy7



Standard maleimide-thiol ADC



Standard maleimide-thiol ADC



Стандартные методы

Gantz et al., Faraday Discuss., 2024

Эмульсионные методы

Technology for highly efficient screening of functionally active single cells



MESSAGE

What antibody may do?
-To bind 
antigen/pathogen
-To destroy



AntiBodies

Catalytic antibodies

ENzymes

ABzymes



G uncat

GS

G cat

GP

GTS

Substrate

Enzyme *Substrate

Catalyzed

Transition State

Uncatalyzed

Transition State

Enzyme *Product

Product

DG= uncat-DG= cat = DGTS-DGS

or kcat/kuncat = KM/Ki

Transition state theory

Linus Pauling

Nobel prize 1954, 1962



William P. Jencks 

1927 —2007



Michael Blackburn and Richard Lerner

Saint-Petersburg, 2013 

38 FEBS Congres



Enzyme Catalysis in Organic Synthesis. Chapter 14. Catalytic 
antibodies. Smirnov I., Belogurov A., Gabibov A. Wiley-VCH, 2012 



Michael Sela



MESSAGE

Limited opportunity 
to accelerate reactions 
by mimicking unique 
transition state to 
generate active site



MATURATION 
IN SILICO





MESSAGE

Expanded opportunity to mimic 
several transition states and select 
optimal substrate and product 
orientations



Modification TurnoverCovalent intermediate

MESSAGE: 

Combination of instrumental and computational methods may be 

regarded as an efficient strategy to obtain artificial biocatalysts/binders 

de novo

Hybrid QM/MM and 

MD approach



Mechanism of paraoxon hydrolysis by Ig-paraoxonase.

The QM computed mechanism of TS development for step 1 of WTIgP reaction with paraoxon; the classic
SN2(P) mechanism with tbp geometry is initiated by early proton transfer followed in 5-20 fs by late TS O–
P bond formation.



The in silico maturation scheme

We selected 23 amino acids which when mutated to Arg could form a H-bond (≤3.2 Å) with the phosphate 

moiety of paraoxon

Stages of rational restriction of library size:

1. Limiting to 11 polar residues and restricting permutations to four-at-a-time

2. Programming of 7 H-bond-donor amino acids (Arg, His, Lys, Ser, Thr, Trp, Tyr) and 3 of Glu, Asp, and 

Ser mutations to provide general acid-base catalysis for Tyr37

The QM/MM calculations revealed: 

(i) systems with an anionic amino acid mutation did not deliver covalent reaction 

(ii) the best successful runs resulted from Arg, Lys and His in positions 35, 47 of the light chain

Smirnov et al. Science Adv. 2016



MESSAGE

How to estimate the stereoselectivity 
of catalysis in silico?



Limongelli et al., PNAS 2013

Mokrushina et al., PNAS, 2020

Synergy of QMMM and funnel metadynamics allows to generate catalytic 

antibody variants with high reactivity and stereospecificity

Funnel metadynamicsQM/MM



Novel enzyme development strategies 

Docter, S. et al (2026). Current Opinion in Biotechnology, 97, 103393.

Engineering
● Zero-shot prediction

● MLDE

● Active learning

● Transfer learning

Design
● Structure prediction

● Diffusion models

● Inverse folding

● Protein language models

Experiments
● Low-cost DNA 

synthesis & 

sequencing

● High-throughput 

screening

● Automation

Discovery
● Sequence and structure 

mining

● EC number prediction

● Parameter prediction



Reaction scheme and theozyme active site geometries for 3 examined biocatalysts 

Solovev et al. "Chemical neighborhood exploration for substrate discovery in biocatalysis." Proceedings of the National Academy of Sciences 123.24 (2026): 

e2535430123.



ML-assisted discovery of novel enzymes and substrates across large space 

Docter, S. et al (2026). Current Opinion in Biotechnology, 97, 103393.

Petrova, V. V. et al (2024) Journal of Computational Chemistry, 45(3), 170-182.

Solovev Y.V. et al. (2026) PNAS, Jun 16;123(24):e2535430123

Описание рабочего датасета начинается с оценки распределения и 

группировки его элементов. Анализ ключевых различий в векторе 

признаков важен для понимания адекватности разделения выборки на 

группы и анализа причин различий в активности между кластерами.

Дальнейшая работа с отдельными группами позволяет существенным 

образом экономить времязатраты, концентрируя вычислительные 

ресурсы на наиболее перспективных кластерах.



85

Bader theory and COnductorSolventMOdel(COSMO) surface descriptors

Solovev et al. "Chemical neighborhood exploration for substrate discovery in biocatalysis." Proceedings of the National Academy of Sciences 123.24 (2026): 

e2535430123.

Использование физичных дескрипторов позволяет добиться наиболее 

релевантного описания рабочего датасета: выявить закономерности 

распределения ключевых признаков и построить карты схожести 

элементов выборки



86

Chemical space representation and discovery strategies

Solovev et al. "Chemical neighborhood exploration for substrate discovery in biocatalysis." Proceedings of the National Academy of Sciences 123.24 (2026): 

e2535430123.

Использование разных алгоритмов кластеризации важно как для 

выявления наиболее релевантных групп (кластеров), так и для 

обнаружения уникальных элементов датасета. 

Двумерные карты более наглядны, дендрограммы, в свою очередь, 

позволяют наглядно представить истинное расстояние между отдельными 

элементами 



Substrates
ΔG‡comp

kcal/mol

ΔG‡exp

kcal/mol

k2

M-1*s-1

Kd

M

Ki

M-2*s-1

Compound 1 11,3 14,7 3*10-2 3,1*10-8 106

Compound 5 13,5 17,0 6,5*10-4 10-9 0,6*106

Compound 8 13.0 16,1 1,5*10-2 3,6*10-7 0,4*105

Compound 11 9,8 14,4 4,8*10-2 9,2*10-8 0,5*106

Compound 12 9,0 12,8 7,2*10-1 4,7*10-8 1,5*107

Compound 13 13,3 16,9 7,6*10-4 1,2*10-8 0,7*106

Compound 14 15,5 16,5 1,2*10-3 1,8*10-7 0,6*105

Compound 16 12,8 15,5 7,7*10-3 8,4*10-8 0,9*106

Compound 17 14,4 16,7 9,8*10-4 1,6*10-9 0,6*106

Compound 19 10,8 14,7 3*10-2 2,7*10-9 107

Compound 23 15,3 X X X X

Prediction and experimental validation of kinetic parameters

Solovev et al. "Chemical neighborhood exploration for substrate discovery in biocatalysis." Proceedings of the National Academy of Sciences 123.24 (2026): 

e2535430123.



ML-assisted de novo enzyme optimization 

Docter, S. et al (2026). Current Opinion in Biotechnology, 97, 103393.

Belogurov Jr, A. et al (2012). FEBS letters, 586(18), 2966-2973.

43



ML-assisted de novo bottom-up enzyme engineering strategy 

Docter, S. et al (2026). Current Opinion in Biotechnology, 97, 103393.

Petrova, V. V. et al (2024). The Journal of Organic Chemistry, 89(12), 8478-8485.

Domnin, A. V. et al (2026). Inorganic Chemistry Frontiers, 13(1), 246-259.

4 5 6

Экспертный и/или ML дизайн и in silico валидация активного центра 

катализатора с последующей встройкой оптимальной конфигурации в 

целевые матрицы



ML-assisted de novo sequence-based top-down enzyme engineering strategy

Ramon, Aubin, et al. "Prediction of protein biophysical traits from limited data: a case study on nanobody thermostability through NanoMelt." MAbs. Vol. 17. No. 1. 

Taylor & Francis, 2025.

Итеративная ML генерация множества  вариантов модификаций 

изначальной матрицы для придания ей целевых 

каталитических/рецепторных свойств. Оптимальные варианты каждого 

этапа используются как стартовые матрицы в последующем этапе.



MESSAGE

-How to automatically generate 
potential catalytic matrices with 
desired stereoselectivity?

-uMLIP (universal ML interatomic 
potentials) approach



92

universal ML interatomic potentials (uMLIP): basics concepts

de Araujo, Leandro Goulart, et al. "Recent developments in 

the use of machine learning in catalysis: A broad perspective 

with applications in kinetics." Chemical Engineering Journal

(2025): 160872

Cheng, Xiran, et al. "Leveraging machine learning potentials 

for in-situ searching of active sites in heterogeneous 

catalysis." Precision Chemistry 2.11 (2024): 570-586.



93

For Training set the number of unique compounds in the set is indicated without parentheses, while the number of ab initio molecular 

dynamics steps for these structures is given in parentheses

Who is currently developing uMLIP?



94

uMLIP in tandem with DFT: reaction profile description 

JLin, Qidong, and Bin Jiang. "Modeling Equilibration Dynamics of Hyperthermal Products of Surface Reactions Using Scalable Neural Network Potential 

with First-Principles Accuracy." The Journal of Physical Chemistry Letters 14.33 (2023): 7513-7518.

Yin, Rongrong, et al. "Theoretical insights into structure sensitivity in formate decomposition dynamics on Cu surfaces." ACS Catalysis 13.21 (2023): 

14103-14111.

Cheng, Xiran, et al. "Leveraging machine learning potentials for in-situ searching of active sites in heterogeneous catalysis." Precision Chemistry 2.11 

(2024): 570-586.



95

Active learning strategies for ad hoc uMLIPs improvement
How the system identifies poorly covered 

areas?

1) Large variance in predictions among

multiple MLP models members indicates

high uncertainty

2) Random neuron deactivation leads to

variance across dropout iterations

3) Large distance to nearest training examples

indicates extrapolation necessity

High uncertainty markers:

1) New element combinations or 

stoichiometries

2) Unusual bond lengths or angles not seen in 

training

3) New coordination numbers or chemical 

motifs

4) High-energy barriers

5) Saddle points and reaction pathways

Huang, Si‐Da, et al. "LASP: Fast global potential energy surface exploration." Wiley Interdisciplinary 

Reviews: Computational Molecular Science 9.6 (2019): e1415.

Cheng, Xiran, et al. "Leveraging machine learning potentials for in-situ searching of active sites in 

heterogeneous catalysis." Precision Chemistry 2.11 (2024): 570-586.



MESSAGE

Reengineering T cells using 
combinatorial approaches



Prof. Zelig Eshhar
Weizmann Institute of science



CAR T cell therapy

CAR T structure



MESSAGE

Combinatorial selection of peptides to develop 

novel CAR-mediated technology



Stepanov et  al. Science Adv., 2018                                                                                          

Jinqi Huang, Stepanov Alexey et al. Leukemia, 2019



Unique CDR3 epitope targeting by CAR -T cells is a viable approach for 
treating T-cell malignancies 

Leukemia 2019

Workflow for the selection of ligands for 

personalized CDR3-selective CART therapy for 

lymphoma and leukemia:

• A biopsy sample from a patient with lymphoma 

or leukemia was isolated, and the collected 

tumor cells were utilized for identification of the 

TCR CDR3 sequence on malignant T cells. 

• The identified CDR3 sequences were 

chemically synthesized and used for scFv 

phage panning. 

• Selected scFv clones were sequenced and 

transferred to the CAR backbone.

• Autologous T cells were modified by 

personalized patient CDR3-selective CARs. 



102

Unique CDR3 epitope targeting by CAR-T cells is a viable approach for treating T-cell malignancies 



Monitoring CAR-T pharmacokinetics.Switchable CARs based on the 
Barnaza-Barstar system

Stepanov et al., PNAS, 2022



Stepanov et al., Nature Biomed. Eng., 2023



Since the covalent bond-forming element of the CovCAR-T is universal, it can be engaged anew by simply using the power 

of DELs to change the small molecule portion of the adaptor. This could be very useful clinically.  For example, within the 

therapeutic course of a single patient this might be necessary if the original surface protein is down-regulated, if metastatic 

cells express a different surface protein or, less likely, if the patient develops a different type of cancer.  Of course, the T cell 

component of a CovCAR-T is still subject to the usual histocompatibility constraints, however the bi-functional adaptor 

controlling covalent bond formation and tumor cell specificity is truly universal.

Generation of covalent CAR-Ts using organic adaptors selected from DNA-encoded libraries

Nature Biomedical Engineering 2023



Nature Biomedical Engineering 2023

Control of the antitumour activity and specificity of CAR T cells via organic adapters covalently tethering 

the CAR to tumour cells.



In vivo activity of CovCAR-T cells and DUPA-diketone conjugates in prostate cancer model

Nature Biomedical Engineering 2023



https://doi.org/10.1038/s41467-020-19486-2
https://doi.org/10.1016/j.tips.2024.03.004

CD7-CAR 

BCMA-CAR 

CD19-CAR 

1. Creation of CAR 

constructs and 

synthesis of CAR-

containing mRNA

2. Characterization of 

mRNA-containing 

LNPs/viruses in vivo

3. Evaluation of the 

safety, efficacy and 

cytotoxic potential of 

CAR T cells (preclinical 

studies)

1

2

3

Genetic modification of CAR-T cells in vivo

Major steps:

https://doi.org/10.1016/j.ymthe.2022.05.018

AI-guided mRNA structure 

generation



Stepanov AV et al. Leukemia 2019

Stepanova VM et al.  Mol Ther Onc 2024

Stepanov AV et al.  Nat Biomed Eng 2023

Stepanov AV et al. Science Adv 2019

Stepanov AV et al.  PNAS 2022

Ukrainskaya VM et al.  Small 2021

Ukrainskaya VM et al.  Blood Adv 2020

Kalinin RS et al. Frontiers 2021

Результаты, полученные ранее в

 ИБХ РАН



Mind-map по существующим 
технологиям in vivo CAR



Ex vivo                      в сравнении с                          in vivo

Возможность создания 
терапии на основе клеток 
здорового донора

Возможность ex vivo 
контроля клеточного 
продукта

Сложность при 
использовании для 
солидных опухолях

Есть препараты, 
прошедшие клинические 
испытания

Проблема с 
контролем качества

Более доступная процедура 
модификации Т-клеток

Долго, сложно и 
дорого

Одновременная 
модификация нескольких 
типов клеток

Низкая эффективность 
трансдукции

Физиологичная активация
Возможность 

модификации только Т-
клеток пациента

Создание универсальной 
терапии на локальных 
площадках

Сложность дизайна 
вирусов/ частиц - синтез 

белков/мРНК

Быстрый доступ к терапии
Недоступность 

различных видов рака 
(Т-клеточные лимфомы)



• 5 пaциентов с множественной миеломой

• Лентивирус с VSV-G мутантным белком 

основанный на VHH к Pan-T (anti-TCR)

• anti-BCMA CAR терапия (однократная 

инфузия вируса)



• Доклиническое исследование mRNA 

LNP CAR терапии при аутоиммунных 

заболеваниях на мышах и обезьянах

• Таргетирование CD8+ клеток частицами 

• anti-CD19 CAR терапия (многократная 

инфузия mRNA LNP)



Methods of transgene delivery

https://doi.org/10.1016/j.tips.2024.03.004



INT2104 specifically targets CD7-

positive T and NK cells and 

delivers a CAR (chimeric antigen 

receptor) transgene to create 

effector CAR-T and CAR-NK cells 

in vivo. The CAR cells are then 

intended to target CD20-positive 

B cells for the treatment of B cell 

malignancies.

Первый препарат - Interius 
NCT06539338

Компании на рынке in vivo препаратов



Возможно ли использовать in vivo CAR-T против глиобластомы?

Внутривенно

Интратекально

Интравентрикулярно

Интрапаренхиматозно

1. Повышение проницаемости ГЭБ

Focused ultrasound (FUS)

2. Изменение миграции CAR-T клеток

CAR-T + Хемокины (CXCR2 , CCR4 , CCR2b , CXCR3)
CAR-T + Ninjurins
CAR-T + IL-7

3. NK-CAR, “Armored” CAR

4. CXCL11+ онкологические аденовирусы

DOI: 10.1016/j.ymthe.2022.08.021DOI: 10.1038/s41591-024-02893-z



Какую in vivo модель выбрать для in vivo CAR терапии?

doi:10.3390/cancers12071915 



Macaca fascicularis Macaca resus Marmosets

Использование приматов для исследования иммунотерапии

Аспект Человек Приматы (макаки-резус / макаки-крабоеды)

MHC класс I гены HLA-A HLA-B HLA-C Mamu-A, Mamu-B (нет аналога HLA-C)

Многообразие MHC класса I Один аллель на локус Несколько аллелей на хромосому → более 

высокое разнообразие гаплотипов

TLR-сигнальный путь в 

макрофагах

Активирует рецептор витамина D → синтез 

кателицидина (CAMP) через VDRE

То же самое (присутствует VDRE в промоторе 

CAMP)

Фенотип макрофагов Разнообразен по тканям То же: фенотипически и функционально 

разнообразны

NK-клетки Экспрессируют NKG2 CD16 KIRs 

Подтипы Т-клеток CD4+ CD8+ Treg Th1/Th2/Th17 

Спонтанные опухоли Частые,  особенно при старении Развиваются редко



Deycmar S, Gomes B, Charo J, et al Spontaneous, naturally occurring cancers in non-human primates as a translational model for cancer immunotherapy Journal for ImmunoTherapy of Cancer 2023;11:e005514. doi: 10.1136/jitc-2022-005514

Tumor induction in non-human primatesСпонтанно возникающие опухоли у приматов  
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