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VADAS: modeliuotino objekto sudétingumas
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Empiriniy duomeny analizés budu gautas diagnostinis algoritmas - 1989 metai,
iSradimas 1992 ( akad.S.Kanopkaité ... K.Urba)
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Medziagy apykaitos zemelapis




ROCHE zemélapis raiskesniame mastelyje

Part 1
Metabolic Pathways
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Tyrinéjamos apykaitos apimtys (Elke Katrin Markert, Alexei
Vazquez, 2015)

Genome scale model of human cell metabolism

Nutrients Metabolism Objective
r 2
ElUFﬁE ‘ Maintenance
Amino acids ~3,000 reactions Proliferation
Vitamins ~1,000 metabolites Energy
lons Secretion
Cxygen
S ~
Byproducts
co,
Objectives Lactate
Maintenance: ATP, Protein, RNA Ammonia
Proliferation: ATP, Protein, Lipid, DNA, RNA
Energy: ATP

Secretion: hormones, cytokines, collagens



Signaly perdavimas transkripcijai nuo membranos
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Eksposomika (Ex),

Genomika (G),

Signalomika (S),

Cistromika (C),

Transkriptomika (TR),

Proteomika (P),

Lipidomika (L) (Smirnov D. et al. 2021),
Metalomika (Mtl) (Zhang Y., et al, 2022),
(Wolters DA., et al, 2012)
Metabolomika (M)

Epigenomika (Ep),

Imunomika (Im) (Nevedomskaya E,
Haendler B. 2022

Fliuksomika (F)

{TUMORCE}, = U, Ui 1 (EXe1, G(K)g, S(K) 5, CK)ea, Tr(K)es, P(K)e, LK), MtI(K)eg, M(K)gg F(K)ea0,EP(K)egs Trs)



| dalis. Vienangliy fragmenty — ,1C" apykaita ir

mOd el 1AVIMAS. buke universtetas, Kornelio universitetas, Trento (ltalija), Bordo
(Prancdzija), Brisbenas (Australija)...

1. Ducker GS, Rabinowitz JD. One-Carbon Metabolism in Health and Disease. Cell Metab. 2017 Jan 10;25(1):27-42.
doi: 10.1016/j.cmet.2016.08.009. Epub 2016 Sep 15. PMID: 27641100; PMCID: PMC5353360. https://pubmed.nchi.nlm.nih.gov/27641100/
2. Clare CE, Brassington AH, Kwong WY, Sinclair KD. One-Carbon Metabolism: Linking Nutritional Biochemistry to Epigenetic Programming of Long-
Term Development.
Annu Rev Anim Biosci. 2019 Feb 15;7:263-287. doi: 10.1146/annurev-animal-020518-115206. Epub 2018 Nov 9. PMID:
30412672. https://pubmed.ncbi.nim.nih.gov/30412672/
3. Nijhout HE Reed MC, Budu P, Ulrich CM. A mathematical model of the folate cycle: new insights into folate homeostasis. J Biol Chem. 2004 Dec
31;279(53):55008-16.
doi: 10.1074/jbc.M410818200. Epub 2004 Oct 20. PMID: 15496403. https://pubmed.nchi.nim.nih.gov/15496403/
4. Reed MC, Nijhout HF, Neuhouser ML, Gregory JF 3rd, Shane B, James SJ, Boynton A, Ulrich CM. A mathematical model gives insights into nutritional and
genetic aspects of
folate-mediated one-carbon metabolism. J Nutr. 2006 Oct;136(10):2653-61. doi: 10.1093/jn/136.10.2653. PMID:
16988141. https://pubmed.ncbi.nim.nih.gov/16988141/
5. Ulrich CM, Reed MC, Nijhout HE. Modeling folate, one-carbon metabolism, and DNA methylation. Nutr Rev. 2008 Aug;66 Suppl 1:527-30.
doi: 10.1111/5.1753-4887.2008.00062.x. PMID: 18673484. https://pubmed.ncbi.nlm.nih.gov/18673484/
https://sites.duke.edu/metabolism/files/2015/11/08nutrrev.pdf
6.  Duncan TM, Reed MC, Nijhout HE. A population model of folate-mediated one-carbon metabolism. Nutrients. 2013 Jul 5;5(7):2457-74.
doi: 10.3390/nu5072457. PMID: 23857220; PMCID: PMC3738981. https://pmc.ncbi.nlm.nih.gov/articles/PMC3738981/
7. Sadre-Marandi F, Dahdoul T, Reed MC, Nijhout HE. Sex differences in hepatic one-carbon metabolism. BMC Syst Biol. 2018 Oct 24;12(1):89.
doi: 10.1186/s12918-018-0621-7. PMID: 30355281; PMCID: PMC6201565. https://pubmed.ncbi.nlm.nih.gov/30355281/
8. Kim R, Nijhout HF, Reed MC. One-carbon metabolism during the menstrual cycle and pregnancy. PLoS Comput Biol. 2021 Dec 16;17(12):¢1009708.
doi: 10.1371/journal.pcbi.1009708. PMID: 34914693; PMCID: PMC8741061. https://pubmed.ncbi.nlm.nih.gov/34914693/
9. Scotti M, Stella L, Shearer EJ, Stover PJ. Modeling cellular compartmentation in one-carbon metabolism.
Wiley Interdiscip Rev Syst Biol Med. 2013 May-Jun;5(3):343-65. doi: 10.1002/wsbm.1209. Epub 2013 Feb 13.
PMID: 23408533; PMCID: PMC4437664. https://pmc.ncbi.nlm.nih.gov/articles/PMC4437664/
10. Mazat JP. One-carbon metabolism in cancer cells: a critical review based on a core model of central metabolism. Biochem Soc Trans. 2021 Feb 26;49(1):1-15.
doi: 10.1042/BST20190008. PMID: 33616629. https://pubmed.ncbi.nlm.nih.gov/33616629/
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Vitaminas B12-Metionino ciklas: ,,One-carbon Metabolism at the Root of Carcinogenesis” (Adam
Rosenzweig, John Blenis, and Ana P. Gomes, Meyer Cancer Center, NYC. Beyond the Warburg Effect:
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How Do Cancer Cells Regulate One-Carbon Metabolism?, 2018
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GLIKOLIZE

Poliaminy veikiamas ciklas
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CH3 - Vienangliy fragmenty apykaita. Glikolizés ... metu CsH1206 virsta CO2 arba jos anglies



Poliaminai suaktyvina ,DNR raiska”




VIENANGLIY FRAGMENTY APYKAITOS SCHEMA

Pentoziy fosfato kelias (angl.PPP)
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Matematikai modeliuoja biologinius-
molekulinius procesus

1. Glikolizés matematinis _modeliavimas
https://www.nature.com/articles/s41598-018-20348-7
https://www.nature.com/articles/s41598-019-39901-z
2. Oksidacinio fosforilinimo (tolesnio energijos gaminimo ATF pavidale) modeliavimas
https://www.mdpi.com/2073-4409/11/24/4020
4. Vienangliy fragmenty, apjungiant glikolizés procesg modeliavimas
https://academic.oup.com/jn/article/136/10/2653/4746711
Mathematical Models of Folate-Mediated One-Carbon Metabolism H. F. Nijhout,* M. C. Reed,t and C. M.
Ulrich https://sites.duke.edu/metabolism/files/2015/11/08litwack.pdf
5. Metionino ciklo matematinis modeliavimas
https://www.researchqgate.net/publication/8991844 A Mathematical model of the methionine cycle
6. Poliaminy sintezés matematinis modeliavimas
https://www.researchqgate.net/publication/7071327 Mathematical Modeling of Polyamine Metabolism in Mammal
)
8. Imuninés sistemos matematinis modeliavimas
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6579737/
9. Biocheminiy tinkly matematinis modeliavimas Effect of substrate competition in kinetic models of metabolic networks —
ScienceDirect https://ars.els-cdn.com/content/image/1-s2.0-S0014579313004833-mmcl.pdf




Matematiniai modeliai: tarp jmanomy modeliniy uzdaviniy ir tarp ty, kuriuos reikia spresti - atskiri reakcijy
tinklo fragmentai

dA(t)/d(t) =

dA1(t)/d(t)
dA2(t)/ d(t)
dB(t)/d(t) =
dB1(t)/d(t)
dB2(t)/d(t)

kAAex — VFA(t) KmA + A(t)
= VFA(t) KmA + A(t)
= VFAL(t) KmA 1+ B1(t) KmB +Al(t)
kBBex — VfB(t) KmB + B(t)
= VfB(t) KmB + B(t)
= VfB1(t) KmB (1 + A1(t) KmA + B1(t)

1-s2.0-S0014579313004833-mmcl.pdf

~ VFAL(t) KmA 1+ B1(t) KmB + A1(t)
— VFA2(t) KmA + A2(t)

- VfB1(t) KmB (1 + A1(t) KmA + B1(t)
- VIB2(t) KmB + B2(t)
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Balanso modelis (Reconl, Recon?2)

Homo sapiens Recon 1 VITAMIN & COFACTOR METABOLISM
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Duarte NC, Becker SA, Jamshidi N, Thiele |, Mo ML, Vo TD, Srivas R, Palsson B@. Global
reconstruction of the human metabolic network based on genomic and bibliomic data.
Proc Natl Acad Sci U S A. 2007 Feb 6;104(6):1777-82. doi: 10.1073/pnas.0610772104.
Epub 2007 Jan 31.




1C apykaitos modeliavimas folaty, metionino ciklo ir radikaly eliminavimo schemoje

| One-Carbon and Glutathione Metabolism
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ciklohidrolaze, buvo nustatyti tarp 50 daZniausiai didZiausios raiSkos geny”



I dalis. TUMORIGENEZES MODELIS

Oncogene: elevated actlvity promotes cancer

Tumor suppressor gene (TSG): loss of actlvity promotes cancer

DHA
hypomathylation Mitochondrial
activation  lossof Fission 77%
2 18gT5G 11
lass of APC qﬂi e ql. loss of p5§3
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Trys vézio apraso terminijos lygmenys

o KLINIKINIS (TNM klasifikacija)
* BIOLOGINIS
 MOLEKULINIS-ELEMENTARIUJY DALELIY

Butinos ir pakankamos naviko apraso salygos: Apoptosis

l. Spartesneé piktybiniy Igsteliy sankaupos (Autopnagy
proliferacija nei aplinkinio audinio |
Il. Tarplasteliniy jungciy, bazalinés membranos
ir ekstraceliuliarinio matrikso griovimas bei ardymas
. Naviko angiogenezé-kapiliarizacija ir
metastazavimas

IV. Imuninio atsako slopinimas

Necrosis

7-323. 2,
DMA repair ‘4&;
=

damage
Strand angiogenesis
breaks
factor
(Baker S, Ali I, Silins |, et al. 2017)

Immune
response
Inflamma-
tion
Oxidative
Stress

Hanahan-Weinberg 2000, 2011, 2022,




Molekulinio ir biologinio lygmenuy sarysis vézio aprase

Tifle: Three kvels of cancer dssription 1.1
Organism: Homo sapiens

Clinical oncology language
(TNM, WHO cancer nomenclature, markers, etc.) > WHO CLASSIFICATION of PANCREATIC NEOPLASIA (1CD-0 codes )
Benign epithelial tumors and precursors (8441/0.)
Malignant epthelial tumors (850013...)
Pancreatic neuroendocring neoplasms (815010...)

NECESSARY and SUFFICIENT CONDITIONS
for the DESCRIPTION Of CANCER

and related

cancer

1. Sustaining proliferation

2. Extracelular matrix (and basal mermbrane) destruction
3. Immune respons inhibition

4. vascularisation and invasive metastasis

particles

W79 WPEE1 VWPS1 44 WP268,
Growth factors, downstrsam signalin WRETSINE 3832 HF 2020 WP B,
Sustaiing profiferative signaling Cell oycle, Racaptore WP45 WP 4249, WP4263,WP4223;
: : WPSG0;WP1 471 WPSB5WP 382;
WPB18 WP 428 WP185,

Dediferentiation;
Parlly diferentiation;
[Developmental program switeh;

Evading contact inhibition;
Deregulating checkpoirt, cell cycle;

Evading growth suppressors

LiJ, Stanger BZ. , 2020

WP5220; Wp5216.
Wp4629, wp203;
Wp241; Wp4 236
wp1 945; p3580;
wp4022; wp203;

wp241;
Wp3580;
Wp3585;

Glycolysis [ Warburg effect; One carbon unts; Krebs cycls,
&nergstics; amino acids (Msthionine cycls,,.), lipids, nuclzotidss,
alycosylation ... under hypoxia conditions;

" DNA GLOBAL HYPOMETHYLATION, local hypermthylation;
epigenetic Histons methylation, acstylation, lactylation stc

Derequiating cellular metabolism

WP5285WP5063
‘Avoiding immune destruction “rzm‘””u?sfjs:’:;sﬁ:h WP5078)WP5284;
P s WP 195WP364;

WP254, WP5331
Wp2513Wp2036

Necrosis; Autophagy: Apoptosis; Resisiing cell death

WRATSZWPTOT

WPTT0IWPS31;
WP3BTBWP43E;
WP2446;

double strand breaks;

Karpova RV etal, 2018

Genome instabilty and mutation Enabling replicative immortalty Immortalisation;

Mutation; DNA damage, aduct;
DNA repal

Wp5049; wp5050)
WpSI2; wp5148;
WPS121; WpS D46,

Reversible senescert cel states,
The hallmark-promating capabllitiss of ssnescert cells;
Tumor microenviranment senzscent cells;

Immune response;
Inflamation - oxidative stress;

Tumor promating inflammation

Senescent cells

Derequiating angiogenesis;
Angiogenic factor;

Inducing or accesing vasculature Bacterial toxins, binding to epithslium;

Pushalkar S, & al 2018

Wp2G WP 3978
wp3678;

Invasion - extracelular matrix destruction; Activating invasion and metastasis
Wetastasis;

© Copyright Kestutis K.Urba 2024




CELL “undruggable” mK-ras INVOLVED CARCINOGENESIS and MALIGNIZATION SCENARIO (K.Urba, 2022, © copyright)

p53

Cyclines

RTK

mK-RAS

CAIX

mTorl

4.

CDK

POLYAMINE MBTABOLISM

77

e

METHIONINE CYCLE

6.

=

DNR
hypomethylation

»BERMUDA
TRIANGLE“

»GULF
STREAM”

CHROMOSOME
INSTABILITY

mK-ras is not only ,,driver” but long distance long time stochastic ,trigger” too!

Stochasticityzgc\,/?



Keletas onkogenu, augimo veiksniy, supresoriy

CA IX
* Onkogenas K-ras

* Onkogenas C-myc (Kim, B., et al,2012)

* Onkogenuy slopiklis (supresorius) Tp53
e Augimo faktorius kompleksas mTor e
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Inhibition of VEGF pathway Inhibition of CA I1X
Inhibition of HIF1a
Kalinin S., et al, 2021
alinin 5., et al, o
g LpHe

(Strapcova S., et al, 2020)




Tiesioginis K-RAS slopinimas

Developing more potent and selective inhibitors for KRAS G12C
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Clinical candidates

a-tubulin

— _,..__. . wr,
TIE’('P stacking

Olivier T, Haslam A, Prasad V. Sotorasib in KRAS®12¢ mutated lung cancer: Can we rule out cracking KRAS led
to worse overall survival? Transl Oncol. 2023 Feb;28:101591. doi: 10.1016/j.tranon.2022.101591. Epub 2022
Dec 26. PMID: 36577165; PMCID: PMC9803768.



RAS-targeted therapies: is the undruggable drugged?
Amanda R. Moore, Scott C. Rosenberg, Frank
McCormick, Shiva Malek, Nat Rev., 2020

EGFR
family
EGFR inhibitors
Inhibitors of RAS pr ing @ Cetuximab (mAb)
® Tipifarnib © Panitumumab (mAb)
Cysmethynil o Erlotinib
UCM-1336 3 ® Gefitinib
Deltarasin
NHTD Pan-EGFR family inhibitors
@ Afatinib

Allele-specific RAS inhibitors ® Neratinib

GEF
* AMG510 GDP
o MRTX849 GAP (ore2) o BI-1701963
® 1Y3499446 P GTP S0s —  BAY-293
© INJ-74699157 (ARS-3248) ' Bl-3406
ARS-1620 —
ARS-853 e @ © JAB-3068
o RMC-4630

RM-007
RM-008 ® TNO155
SHP-099
KRAS antisense oligonucleotides —> Autophagy RMC-4550
® AZD4785
®siG12D LODER
@ Belvarafenib MAPK PI3K ® Hydroxychloroquine
® LXH-254 pathway pathway
@ Lifirafenib (BGB-283)
AZ-628 ® Alpelisib
TAK-632 X * Copanlisib
® Sorafenib _ . F———— @ Duvelisib
©1Y3009120 ® Idelalisib
® Vemurafenib® l l * GDC-0077
® Dabrafenib? ® Taselisib (GDC-0032)

@ Binimetinib (MEK162)®

® Encorafenib® 0
© PLX8394 f @ ——— @ Ipatasertib

® Cobimetinib®

® Selumetinib® ‘E’) - " ® Everolimus
 GDC-0994 « Trametinib? @ —_ i
©KO-947 o Pimisertib msielie
® LY-3214996 ® PD-0325901
Vtx-1le
® SCH-772984
MK-8253 @ Clinical compound @ Terminated clinical trial

® Ulixertinib (BVD-523) ® FDA approved for other indications ~ ® Completed clinical trial




Durability of Tumor Response

Responses to sotorasib were durable; 72% were seen at the first assessment

Time to and duration of response

> + Median duration of response:

3 10.0 months (95% CI: 6.9, 11.1)
:_3, + Median time to objective response:
=
=3

1.4 months

« 43% (20/46) of responders remained on
treatment without progression as of the
data cutoff

Sotorasib Shows Early Activity
Against KRAS G12C Mutant NSCLC

Chris Evelo is the founder and head of the
department of Bioinformatics - BiGCaT at
Maastricht University; WikiPathways

Dear Kestutis, X
Kl
thank you for your thoughtful email. | agree that targeting MYC
as a major downstream effector of KRAS is likely to be
effective, as predicted from mouse models using inducible RAS
and MYC systems. | had not given much though to the
possibility of targeting polyamines and/or ODC, though my PhD
thesis focused on regulation of ODC during viral infections. |
appreciate your comments and will give these matters more
attention.

With best regards
Frank

Frank McCormick, PhD, FRS,

UCSF Helen Diller Family Comprehensive Cancer Center,
Room HD-371

1450 3rd Street,

San Francisco, CA 94158-9001

415 218 0155 (Cell phone)



Ma R, WuY, LiS, Yu X. Interplay Between Glucose Metabolism and Chromatin Meodifications

in Canecer. Front Cell Dev Biol. 2021 Apr 27;9:654337. doi: 10.3389/fcell.2021.654337. PMID: 33987181;
PMCID: PMC8110832
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Vienuolika adaptyvios kompleksinés
medikamentinés terapijos schemos krypciy

Glikolizé: ATF ir aktyvinantis transkripcijg laktilinimas

PROTEAZES
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;" / N '
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poveikis Dietologinis
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Dinaminiy sistemy onkologijoje modeliavimas

. Penkil;; tipy dinaminiai modeliai pagal apzvalgg Markert EK, Vazquez A. Mathematical
models of cancer metabolism. Cancer Metab. 2015;3:14.

Published 2015 Dec 22. doi:10.1186/5s40170-015-0140-6:

ID (;Enu)biologinés raiSkos (Proliferacija/audinio Remodeliavimas: ,,P-/R-, P-/R+, P+/R-ir
+/R+“

- Srauty balanso (stacionarumas: ,,metabolity koncentracija ir biocheminiy reakcijy greitis
laitkui begant islieka pastovas’? -tik vidurkinés charakteristikos dél placiy pasikliautiniy
intervaly riboja prognoziy tikslumg, 2007 m.

- Srauty kinetiniai (,,Pagrindiniai veiksniai yra fermento apykaitos greitis, fermento
koncentracija, substrato prisotinimo terminas ir termodinamikos terminas, susijes su
fermento savybémis esant pusiausvyrai“ — geréja prognozé) 2012-2014 m.

- Difuziniai (jony, molekuliy pernesimo per membranas modeliai su fizikinémis savybémis)

- Mechaniniai (,,Pagrindinis iSSukis - nustatyti rysSius tarp Igsteles charakterizuojanciy
savybiy ir Igsteliy-Igsteliy sgveikos su naviko mechaninemis savybémis®, elastingumas)




Matematinis chemo-imunoterapijos modelis

Nave O. A mathematical model for treatment using chemo-immunotherapy. Heliyon. 2022 Apr
26;8(4):€09288. doi: 10.1016/j.heliyon.2022.e09288. PMID: 35520602; PMCID: PMC9065634.

%
,Let U” be the vector of the dynamic variables of the system: U =(DI, D, DT,TN,TC,TCP,TR, | L2, | |_10, C,CH).

The analytical function F describes chemotherapy treatment, which is a combination of chemotherapy and immunotherapy.
The function depends on time t and dosage gq.
The function has the form:

Fa,t)=2q(t-mk)H(t-mk)e,_ /0.5
The model (11 netiesiniy lygciy) can be writter

c
101

in abbreviated form as

dU” /dt=F" (U”), U (0)=U"o,

where F” (U”) is the vector field of the model; **

thatis, F~ (U™ )=(F1(U"),...,F11(U”))“
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Kompleksinis TUMORIGENEZES matematinis
modelis Nr.1 turi susidéti is:

Erickson KE, Rukhlenko OS, Posner RG, Hlavacek WS, Kholodenko BN. New insights into RAS biology reinvigorate interest in
of RAS signaling. Semin Cancer Biol. 2019 Feb;54:162-173
Sulaimanov N, Klose M, Busch H, Boerries M. Understanding the mTOR signaling pathway via . Wiley

Interdiscip Rev Syst Biol Med. 2017 Jul;9(4):e1379. doi: 10.1002/wsbm.1379. Epub 2017 Feb 10. PMID: 28186392; PMCID: PMC5573916.

of polyamine metabolism in mammals. Bao K, Liang G, Tian T, Zhang X. Mathematical

H H : modeling of combined therapies for treating
POI lami nl,! d pykaltos tumor drug resistance. Math Biosci. 2024
modelio May;371:109170. doi:

10.1016/j.mbs.2024.109170. Epub 2024 Mar
: - H 11. PMID: 38467302.
Glikolizés, Serino

“hitoa | sintezés Folato — B12,
the effect of DNA methylation on the . . .
stability boundary il; cell-fate BG’ M et Ionino Ci klo
BEONORS modelio (1c apykaita)

Kompleksinés
vaistinés terapijos

Quantifying
chromosomal instability from intratumoral karyotype diversity using agent-
based



1. Erickson KE, Rukhlenko OS, Posner RG, Hlavacek WS, Kholodenko BN. New insights

into RAS biology reinvigorate interest in mathematical modeling of RAS signaling.
Semin Cancer Biol. 2019 Feb;54:162-173

Gefitinib
Erlotinib
Vandetanib
Lapatanib
Trastuzumab
Afatinib

'
Lapatanib —
.

Sirolimus l Apoptosis
Everolimus

Translation

. . Secondary
Silencing messenger

Survival - Pl
@. sigalling /
> J

A

Endocytosis panscriptional
changes

Vemurafenib
Sorafenib
Dabrafenib

Trametinib
Selumetinib

Lapatanib

RAS
Mutatio

G12E

G:; (/ kyare (1 Kogop (1 Kygop(l  Knyg (1/s
M/s) /s) M/s) [s) )
None
e 2.056-4 [37] 6.336-5 [48] 1.47E-4
1.00E-4 [174] 420E-4 [174]  3.40E-4 [174]
2.00E3 [175] 20063 [175]  6.80E-4 [175]
140E8 [174]  9.00E-5 [176]  5.10E7 [174]  1.206-4 [176]  2.10F-4 [176]
2.20E6 [173]  2.50E-4 [177)  2.30E6 [173]  1.08E-4 [177)  3.49E-4 [177]
23364 [180] 3.00E5 [38] 9.30E3 [38]
217E-4 [180]  2.17E-4 [180]
1.60E-5 [173]
G12A 2003 [175] 2.00E3 [175]  1.30E-5
G12C 2.00E3 [175] 2.00E3 [175]  4.90E-4
G120 5.00E-4 [174] 2.00E-4 [174]  1.50E-4
2.00E-3 [175] 2.006-3 [175]  1.906-4 [175]
480E8 [174]  9.50E-4 [176]  7.00E7 [174]  1.60E-4 [176]  1.40E-4 [176]
7.54E6  [30] 1.256-3  [30] 3.16£6  [30] 5.16E5 [30] 1.406-4 [30]
G12R 2.00E-3  [175] 2.00E3 [175]  1.80E-5

6.17E-3 [181]



2. Sulaimanov N, Klose M, Busch H, Boerries M. Understanding the mTOR signaling
pathway via mathematical modeling. Wiley Interdiscip Rev Syst Biol Med. 2017
Jul;9(4):e1379. doi: 10.1002/wsbm.1379. Epub 2017 Feb 10. PMID: 28186392;

PMCID: PMC5573916.

Insulin

ODE models ] [ Boolean moder’s]

dj:f(t:m)
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mTOR SIGNALING PATHWAY
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/

Complexity scale

mTOR models in different scales



23 publikacijos, pradedant 2002 m. iki 2017 m., skirtos mTor
kelio matematiniam modeliavimui. Po to dar 19 citavimy...

mTOR Models Biological Context Model Type Model size Timescale
Dalle Pezze etal43 Mechanisms of mTORC? regulation ODE 25-33 0-120min
Sonntag et al.44. mTOR-AMPK crosstalk ODE 26-28 0-120min
Kubota et al 45 Decoding insulin signal in the mTOR pathway. ODE 1 0-600 min

Toyoshima et al. Signal transfer in the mTOR pathway oDE 34 0-120min
Noguchi et al.47 Metabolism regulation by the mTOR pathway ODE 15 0-480 min
Borisov et al.48 MAPK-mTOR crosstalk oDE 78 0-30 min
Fujta et al 49 Signal transfer in the mTOR pathway oDE 38 0-120min
Jain et al 5 BDNF-mTOR crosstalk oDE 130 0-30 min
Wuetals1 mTOR-MAPK-PKC crosstalk Boolean 19-22 0-60 min
Hatakeyama et al.52 mTOR-MAPK crosstalk ODE 33-34 0-30 min
Sedaghat et al.53 Metabolic insulin signaling oDE 2n 0-60 min
Faratian et al.54 mTOR-MAPK crosstalk oDE 56 0-60 min
Brannmark et al.55 Mechanisms of receptor internalization oDE 5 0-30 min
Brénnmark et al.56 Mechanisms of insulin resistance ODE 26-27 0-30 min
Vinod et al 57 mTOR regulation via amino acids oDE 10-13 0-30 min
Araujo et al.58 Feedback characterization in the mTOR pathway oDE 45 au.
Girietal.s9 Input-output characterization in metabolic insulin ~ Algebraic 2 au.
signaling
Tian and W60 Robustness property of the mTOR pathway ODE 16 au.
Wang and Kruegers 1 Bifurcation analysis of the mTOR pathway Algebraic 2 au.
Nguyen and Kholodenkos2 Feedback regulation in the mTOR-MAPK pathways ~ ODE 29 au.
Kriete et al 63 Metabolism regulation by the mTOR and NF-k8 Fuzzy-logic 34 au.
pathways

Mosca et al.64 Metabolism regulation by the mTOR pathway ODE, Algebraic 25 au



3. Huang L, Jiang Y, Chen Y. Predicting Drug Combination Index and Simulating the Network-
Regulation Dynamics by Mathematical Modeling of Drug-Targeted EGFR-ERK Signaling
Pathway. Sci Rep. 2017 Jan 19;7:40752. doi: 10.1038/srep40752. PMID: 28102344;

CDC25C

A

The model contains 126 distinct molecular species, and 190

Y

Proliferation Signal

EGF . . .
E elementary reactions; these reactions are described as a
earr series of ordinary differential equations based on the mass
1 Gl | ¥ action law. The model is parameterized by 123 kinetic
Iy Internalized EGFR parameters and 126 initial molecular concentrations.
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4. Poliaminy modeliavimas
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5. Metionino ciklo modelis

b  Definition of AG™

a  Definition of regulatory interactions and v

0.76/Influx
_________________________ o
f Proteins4—J5i0s ATP pgam PR+ P | e
1 27 --- o
i o1 —Lesisv \\osyff I Vi ]
Met
1 Folate conservation MATIN0.25 7~ ‘il_:'.!nhlet : VueTn
1 5,10-CH_-THF #--»THF Dimethylglycine .* ",
3 N Gt MGA | Vour ;
I NADPH BHMT __-* % i
1 09 MTHFRA‘_ --.0.09MS) A 0.36 - AGNMT] |METH Vanc
1 R Betaing _ .~ 0.05 1.02 I
| e | 5CH, THF === - ===22.7"\ Sarcosine MGA-GH, : Vs WE
| Moy < S AHC"E t;ﬂ'ﬂoﬂcy | Vesr -
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! Vurmrr [ 1
I System boundary Cystathionine }l
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Training perturbations

Flux log-fold change relative to v ©
=

(1) 50% up-regulation CBS
(2) 50% increase in v
(3) BHMT knockout
(4) 80% down-regulation MTFHR
(5) 2-fold up-regulation MS

(6) 2-fold up-regulation AHC

(7) 50% up-regulation v,

(8) 50% down-regulation MAT/
(9) 2-fold up-regulation GNMT
(10) 2-fold up-regulation MATII
(11) 30% down-regulation METH
(12) 30% down-regulation CBS

INFLLIX

6. Saa PA, Nielsen LK.
Construction of feasible and
accurate kinetic models of
metabolism: A Bayesian
approach. Sci Rep. 2016 Jul
15;6:29635. doi:
10.1038/srep29635. PMID:
27417285; PMCID: PMC4945864.



6. ROS — reaktyviy radikaly modeliavimas

-WNT (Haack et al., 2015) IL-4 (Dwivedi et al., 2015)
TGFp (Zeigler et al., 2016) | insulin (Smith and Shanley, 2013)

N
() NADPH oxidase

(Olsen et al., 2003)
(@) X Glutathione
pd \o Thioredoxin

O « (Gauthier et al., 2013b)

Y
(Selivanov et al., 2009) ROS
& I

ETC -

om l° KEAP1-NRF2
@ (Zhang et al., 2009)

i i (Hamon et al., 2014)

(Park et al., 2011) (Gauthier et al., 2013a)

7. Pereira EJ, Smolko CM, Janes KA. Computational
Models of Reactive Oxygen Species as Metabolic
Byproducts and Signal-Transduction Modulators. Front
Pharmacol. 2016 Nov 29;7:457. doi:

10.3389/fphar.2016.00457. PMID: 27965578; PMCID:
PMC51260609.



7. DNR metilinimo modeliavimas

X Cytosine %& %JJ%
The reduced dynamical system’s ODEs can be written as S o P
below: Q SER y 5caC
dN/dt=m1-6N+anOKo+O, ol Jﬂ-UmLJl?l}nT—r =
dT/dt=m2-6T+arNTO(NT+KntKd)(Ko+0O),
dO/dt=—KntKd6O2-8NTO2+KoKntKdm3+ooNTO+KntK R % -
dm30(NT+KntKd)(Ko+O) S / @ o0 [
+KomaNT+m3NTO-KoSNTO-KoKntKd§O-aoDmNTO( ARG
NT+Knt Kd)( KO+O) a. TET-Mediated Demethylation b. Demethylation as a triangle topology
dDm/dt=—KoKntK2dyDm+KoKntK2dy—BKoN2T2Dm-ON2
T20DmKd(NT+KntKd)(Ko+O) 8. Chen T, Ali Al-Radhawi M, Sontag ED. A
—BKoKntKdNTDm+0KntKdNTODmKd(NT+KntKd)(Ko+O) mathematical model exhibiting the effect of

DNA methylation on the stability boundary in
cell-fate networks. Epigenetics. 2021
Apr;16(4):436-457. doi:
10.1080/15592294.2020.1805686. Epub 2020
Sep 22. PMID: 32842865; PMCID:
PMC7993226.



8. Chromosomuy nestabilumo modeliavimas
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9. Lynch AR, Arp NL, Zhou AS, Weaver BA, Burkard
ME. Quantifying chromosomal instability from
intratumoral karyotype diversity using agent-based
modeling and Bayesian inference. Elife. 2022 Apr
5;11:€69799. doi: 10.7554/eLife.69799. PMID:
35380536; PMCID: PMC9054132.



Dirbtinis intelektas kinetiniy modeliy generavimui

Reconstructing Kinetic Models for Dynamical Studies of Metabolism using Generative Adversarial
Networks, Nature Machine Intelligence volume 4, pages710-719 (2022)
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Ursulos von der Leyen palaiminimas Lietuvai

I have passed your report on to my colleagues across the Commission who are working
on the development of a comprehensive EU Cancer Plan that will include actions across
the entire disease pathway: prevention, early detection and diagnosis, treatment, quality
of life as a cancer survivor and palliative care. The proposed actions will aim to ensure
that all Furopeans will have access to effective prevention and care, respecting the

principles of proportionality and subsidiarity.

Currently the Commission is consulting with stakeholders on the potential content and
scope of the EFU Cancer Plan. Youwur contribution to the discussion is much appreciated,
and yowur emphasis on prevention, more knowledge, inequities, innovation and avoiding

stigmartrisation are well noted.

I wish to take this opportunity to thank vou for your personal contribution and active role
in public health in gceneral and fighting cancer in particular. In times like these, Furope
needs health advocates like you and [ cowunt on your continued cooperation and
involvemenr in making Europe berter and healthier for our people. Related to this, I
welcome the initiative to develop a ‘Lithuanian flagship Initiative for beating cancer’
and the Commission remains available for further support.

Yours faithficlly, s
C‘/V(L(O/ e R ’n

Ursula von der Leyen
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