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TUMOR SHRINKAGE BY GEMCITABINE

An algorithmic pharmacodynamics model for the time course of
tumor shrinkage by gemcitabine in non small cell lung cancer
patients with the following events:

part of the injected gemcitabine degrades;
the gemcitabine interacts with the tumor without any effect;

The gemcitabine interacts with the tumor, is consumed and the
tumor cell is killed;

tumor grows.

new doses of drug are regularly injected



GEMCITABINE MECHANISM OF ACTION

Gemcitabine (2°-2’-
difluorodeoxycytidine, dFdC)
is a nucleoside analog used in
oncology to block DNA
replication in tumor cells;

Gemcitabine is transported
from plasma into the cell and
then it is subjected to
deamination and/or multiple
phosphorylation leading to
its active triphosphate
(dFJCTP and dFdUTP)
metabolites;

As an example, a simplified
version of gemcitabine
metabolic network will be
modeled.
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COMPONENTS

Gemcitabine (dFdC) has
sites for deamination,
phosphorylation, and
inhibition of dCMPD
enzyme.
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COMPONENTS (111 EXTRACELLULAR
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BlenX code:

let dFdCout; bproc = #(s1, c_dFdCout1), #(s2, ¢_dFdCout2) [ p_main | rep start_p_main?().p_main ;



COMPONENTS

Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocat

Component Mame T | Site Conhgurations | Description

% | Click here to add new item

.£|| dFdC nh, phl, ph2, ph3, bin 1
Component Site Definition | Component Configurations | Monomolecular Dynamics
site Name | Description
— - 5
+ | Click here to add new item L EXTRACELLULAR
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COMPARTMENTS

The extracellular medium, EXTRACELLULAR
the cellular membrane, and
the intracellular medium
(cytosol) are considered;
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EXTRACELLULAR

COMPARTMENTS i

dFdC dFdU
dCKg dCKg
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NMPK NMPK;
dFdC-DP dFdiJ-DP
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Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocations | Compartments | P:

Options ] Enclosed in| Volume Descrniption
4 System Compartment System_Volume
P Membrane| Membrane System Membrane_Volume

> Cytosaol Compartment Membrang] Cytosol_Volume

Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocations | Compartmen

Type T | Kinetic Law T | Name T | Value T | Unit of Measure | Descnptic

+ | Chick here to add new item
Yolume Systern_Volume a0 fl (107 mm?)
Yolume Membrane_Volume 0.1 fl (107 mm?)

b Volume Cytosol_Volume 17 fl (107 mm?)




TRANSLOCATIONS

Gemcitabine moves from EXTRACELLULAR
plasma into the cell passing
through the cellular
memlbrane;
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TRANSLOCATIONS

Gemcitabine moves from
plasma into the cell passing
through the cellular
memlbrane;

BlenX code:
let p_main : pproc =

EXTRACELLULAR
dFdC

dFdC ””>>>>>>>>>>>>>>(>:>I>:3§£§»»>»),»»m> dFV du
deK | deK
"'Fdé MP dCMPD TR
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dch’ e dde -DP
LE o
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ASS CYTOPLASM

if (s1, ¢_dFdCoutT) then ch(rate(r_dFdCout_in), sl, ¢_dFdCT).ch(s2, ¢_dFdC2).start_p_main!()

endif + ...

let dFdCout; bproc = #(s1, c_dFdCout1), #(s2, ¢_dFdCout2) [ p_main | rep start_p_main?().p_main ;



EXTRACELLULAR
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Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocations | Compartments | Parameters | Initial Sta

Action (Parameter) Rate | (Parameter) Back Rate| Descrniption

+ | Click here to add new item

> dFdC_init moves from System to Cytoplasnll r_dFdCout_in

Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocations | Compartments | Parameters | Initiz

Type T | Kinetic Law T | Name T | Value T | Unit of Measure | Description
% | Click here to add new item
Yolume Systemn_Volume 50 fl (107 mm?)
Volume Membrane_Volume 0.1 fl (107 mm?)
Yolume Cytoscl_Volume 17 fl (107 mm?)

> Rate Mass Action r_dFdCout_in ENEhE 1/hours




BIMOLECULAR DYNAMICS

Once inside the cytoplasm,
dFdC is phosphorylated by
deoxycytidine kinase
(dCK);

Built-in kinetic laws are
available (Mass-Action,
Michaelis-Menten, Hill) as
well as User Defined;
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BIMOLECULAR DYNAMICS

Once inside the cytoplasm,
dFdC is phosphorylated by
deoxycytidine kinase
(dCK);

Built-in kinetic laws are
available (Mass-Action,
Michaelis-Menten, Hill) as
well as User Defined;

BlenX code:

EXTRACELLULAR

dFdC
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let p_main : pproc =...+if (s1, ¢_dFdCT) then s1?().ch(sl, ¢_dFdCMP1). ch(sZc dFdCMP2).start_p_main!() +

endif + ...

let dFdC : bproc = #(s1, ¢_dFd(1), #(s2, ¢_dFdC2) [ p_main | rep start_p_main?().p_main ;

let dCK : bproc = #(s, ¢_dCK) [ s!().startdCK!() | rep startdCK?().s!().startdCK!() ;

Affinity: (c_dCK, ¢_dFd(l, rate(r_dFdC_dCK))



BIMOLECULAR DYNAMICS I "

dF:dC ) s dFdu

dCK§ dCKg
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Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocations | Compartments | Parameters | Initial 5

Action (Parameter) Rate T | Active Condition| Passive Condiion

+ | Click here to add new item

> dCK makes dFdC Phosphorylated on phl § r_dFdC_dCK ( nhis Aminated and phl is Free )

Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocations | Compartments | Parameters | Ini

Type T | Kinetic Law T | Name T | Unit of Measure | Description

% | Click here to add new item

Volume System_Volume 50 fl (107 mm?)
YVolume Membrane_Volume 0.1 fl (107° mm®)
Volume Cytosol_Volume 17 fl (107 mm?)
Rate Maszz Action r dFdCout_in 8.97 1/hours

> Rate  Mass Action r dFdC_dCK 1/{Units*hours)




BINDING DYNAMICS

A Inhibition mechanisms
can be modeled in
different ways, in this
case we considered an
inhibitory
complexation between
dFACTP and dCMPD;

A Binding conditions are
specified to identify
the target
configuration.

EXTRACELLULAR

Y CDA

AFAC >>55555555555555555555555555:5:5:5:5:5:5:5»5:5»5:5»:»»> dFdU
A"

<
<<<

dCK ¢ dCK ¢
dFdé-MP >3>>5> >>>>gg>§f>|?>» >>>>>>>>dFd§J-Mp
NMPK% 5 NMng
dFdé-DP dFde-DP
NDPKg NDPK§
dFAC-TP - /f_x_\ dFdU-TP
7&’ DNA P{YTOPLASM



BINDING DYNAMICS 1L EXTRACELLULAR

CELL
Inhibition mechanisms can be MEMBR/—\NE

modeled in different ways, in this case
we considered an inhibitory

complexation between dFdCTP and v CDA

d CMPD, dFdC IOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIY dF::dU
dCK dCK ¥
dch Mp >R3> )>)))g}c>y))P>2))>}> XE2022 dFd:U Mp

NMPKv NMPKE

Binding conditions are specified to dFdC-DP dFdU-DP

identify the target configuration. NDPK NDPK -
dFdC-TP dFdU-TP

ASS CYTOPLASM

BlenX code:

let dFdCTP : bproc = #(s1, ¢_dFdCTPY), #(s2, ¢_dFdCTP2) [ p_main | rep start_p_main?().p_main ];
let dCMPD : bproc = #(s, c_dCMPD) [ s1().startdCMPD!() | rep startdCMPD?().s!().startdCMPDIQ) ;

Affinity: (c_dFdCTP1, c_dCMPD, rate(r_dFdCTP_dCMPD_hin), rate(r_drdCTP_dCMPD_unb), 0)



BINDING DYNAMICS

| Components I Complexes | Global Dynamics I Bimolecular Dynamics | Binding Dynamics | Translocations | Compariments | Parameters | Initial State

Compaonent 1 aite 1 Component 2 (Parameter] Binding Rate T | (Parameter) Unbinding Rate T | Condition T | Com

+ | Click here to add new item

3| (2] drac

bin dCMPD bin r_dFdCTP_dCMPD_bin r_dFdCTP_dCMPD_unb Binding Cyto:

Conditions

Madifiers

Component 1
Binding Condition for Compenent 1

[ nh is Aminated and ph3 is Phosphorvlated )

|__L.Lrlll::lirvc:iing Condition for Compeonent 1

Component 2

Binding Condition for Compenent 2

Unbinding Cendition for Compeonent 2

Components | Complexes | Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Translocations | Compartments | Parameters | Initial State

Type T | Kinetic Law T |Value T | Unit of Measure | Description
% | Click here to add new item
Yolume System_Volume 50 fl (107 mm®)
Yaolume Membrane_\Valume 0.1 1 {107% mm®)
i EXTRACELLULAR
Yolume Cytosol_Volume 17 fl (107° mm®)
Rate Mass Action r_dFdCout_in 8.497 1/hours ' ' CBL MEMBRANE
Rate hMass Action r_dFdC_CDA 0000005 | 1AUnits*hours)
Rate Mass Action r_dFdCMP_dCMPD 0.00005 1/(Units*hours) dFdc CDA dFdu
Rate Mass Action r dFdU_dCK 0.01 1/(Units*hours) dek ¢ dek :
dFdC:-MP 55539955 »>>5‘!S!2>>P>B>>>>»>> s> dngj-MP
Rate Mass Action r_dFdUMP_MMPE 0.001 1/{Units*hours) NMPK% NMPK;
Rate Mass Action r dFdUDP_NDPK 0.002 1/(Units*hours) drac-oP dray-oP
NDPK : NDPK?
Rate Mass Action r_dFdCTP dCMPD _bin | 1E-02 1/{Units*hours) dFdé-TP%::":-:f - /drdh-rp
; o 4 TBNASE C\TOPLASM
> | Rate Mass Action r_ dFdCTP_dCMPD_unb 1E-08 1/(Units*hours) : ~




GLOBAL DYNAMICS

Gemcitabine
triphosphate (dFACTP
and dFAUTP) is
incorporated into DNA
causing chain
termination.

EXTRACELLULAR
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GLOBAL DYNAMICS EXTRACELLULAR

dFdC
' ' CELL MEMBR}ANE
Gemcitabine triphosphate
(dFACTP and dFJUTP) is

incorporated into DNA causing e CDA AU
chain termination. % y

dCK % dCK §

dFdéj-MP 73222222>2>>>>> 3333555555 5555555 dFdiJ-MP

: uMng
dFdUDP

| NDPK |

________________ .

- BNAER CvTOPLAAM

BlenX code:

let dFAUTP ; bproc = #(s1, ¢_dFdUTPT), #(s2, ¢_dFdUTP2) [ p_main | rep start_p_main?().p_main ;
when (dFdUTP : : rate(r_dFdUTP_DNA)) split(DNA, Nil);



GLOBAL DYNAMICS

Components

Complexes

Action

Global Dynamics | Bimolecular Dynamics | Binding Dynamics | Tra

(Parameter) Rate| Condiiion| Compartment| Descnphior

#+ | Click here to add new item

substitute dFdCTP with DNA r_dFACTP_DNA Cytosal

> substitute dFdUTP with DN&J r_dFdUTP_DNA Cytosol

dFdCi-MP
NMPK;

dFdC-DP
NDPK;

EXTRACELLULAR
dFdC

dFdC S dFdU
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dFdC-TP
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Volume
Volume
Rate
Rate
Rate
Rate
Rate
Rate
Rate
Rate

Rate

Mass Action
Mass Action
Mass Action
Mass Action
Mass Action
Mass Action
Mass Action
Mass Acticn
Mass Acticn

Membrane_Volume 0.1
Cytosol_Volume 17

r dFdCout_in Qa7
r_dFdC_CDA 0.000005
r_dFdCMP_dCMPD 0.00005
r_dFdU_dCK 0.01
r_dFdUMP_NMPE 0.001
r_dFdUDP_NDPK 0.002

r_dFdCTP_dCMPD_bin | 1E-02
r_dFdCTP_dCMPD_unk | 1E-08
r_dFdUTP_DNA 0.001

fl {107 mm?)

fl {107 mm?)
1/hours
1/(Units*hours)
1/(Units*hours)
1/(Units*hours)
1/(Units*hours)
1/(Units*hours)
1/(Units*hours)
1/hours
1/hours




INITIAL STATE

EXTRACELLULAR
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INITIAL STATE

BlenX code:

EXTRACELLULAR
dFdC
C
SLE MEMEE e
Y
ddeC SIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIP> dFVdU
dCKg dCKg
NS VR .. . N o
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run 10000 dFdCout || 100 dCK || 100 NMPK || 100 NDPK || 100 CDA || 100 dCMPD



EXTRACELLULAR
INITIAL STATE i " [
‘,‘t‘\ { “CELL
§8 45l
| Components | Complexes | Global Dynamics | Bimealecular Dynamics | Binding Dynamics | Translocations | Compartn drac CDA o
— = —e = - - - —r - s dCK% dCK%
Component/Complex Configuration| Type (Parameter) Cuantity| Compartment| Descnption T dMED T
% | Click here to add new item NMPK S NMPKS
dFdCé—DP dFdéJ-DP
dFdC_init Component| q_dFdC_out L System - e
AFAC-TP oo S dFdU-TP
dCK_init Component| g_enzyme & Cytosol /\‘DNAP{YTOMASM
MMPE_init Component| g_enzyme FIy Cytosal
MDPK_init Component| g_enzyme & Cytosal
CDA_init Component| g_enzyme L Cytosol
> [C=] dcmepinit Er—— Cytosol

Components | Complexes | Global Dynamics | Bimalecular Dynamics | Binding Dynamics | Translocations | Compartments | Parameters | Initial State

Type T |Kinetic Law T | Name T |Value T | Unit of Measure | Description
% | Click here to add new item
Yaolume System_Volume 50 {107 mm?)
Rate Mass Action r dFdCTP_dCMPD_bin | 1E-02 1/{Units*hours)
Rate Mass Action r_dFdCTP_dCMPD_unb ' 1E-08 1/hours
Rate Mass Action r_cdFdCTP_DMNA 0.05 1/haurs
Rate Mass Action r_dFdUTP_DNA, 0.001 1/ hours
Quantity q_dFdC_out 10000 Units
> Cruantity g_enzyme 100 Units




COSBlI WORKING FLOW
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SIMULATION

COSBI LAE Simulation Wizard 1.0.0

,-: 1% Select Parameter to Scan
< -

Simulation Path
Simulation Arguments

Parameter Scan
Configure Parameters
Set Environment
Mumber of Runs

Run Simulation

Scan | Parameter | Type A | Unit of Measure [ |2
O System_Velume Yaolume £l (10°° mm®)

O . fMembrane_Volume . Yaolume . £l (10°° mm®) 1
O . Cytosol_Vaolume . Yolume . fl (10°° mm®) | )
. r dFdCout_in . Fate . 1/hours

O . r_dFdC_dCK . Rate . L/Umits*hours)

[ | r_dFdCMP_MNMPK | Rate | L/{Units*hours)

[ | r_dFdCDP_MNDPK | Rate | L/Units*hours)

[ . e dAEAr COA . Do . IV I TR PP, | hd

Back

| |

MNext || Cancel |

1/ haurs)

| Back

| |

Mext

| | Cancel




VISUALIZE RESULTS

[

| COSBILAB Plot 1.0.0.53 =] = |

File Tools WView Help
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SIMULATION RESULTS PLOT

Intracellular concentration versus time
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SENSITIVITY ANALYSIS

Accumulation of dFACTP w.r.t. dCTP inhibition on dCK

AUC of dFdCTF (#)

3

log unbinding rate (h™) ; e " log binding rate (#*h™)



COSBILAB MODEL:

MODELING & SIMULATING COMPLEX SYSTEMS

Create models via tabular
interface.

No expertise In programming
nor math needed

Easily manage experiments:
knock-down genes, change
rates, add a “virtual” drug.

Share models & results with

colleagues, wherever they are.

Allow life scientist analyze
models

In silico science: adding
knowledge, saving time.

Accelerate discovery process,
add value to your work.



Spatial simulation

P. Lecca, L. Dematte’, A.lhekwaba, C. Priami. Redi: a simulator of stochastic biochemical reaction-diffusion
systems, The Second International Conference on Advances in System Simulation (SIMUL 2010), 2010.



SPACE AND DIFFUSION

Reaction-diffusion simulator at the
mesoscopic interaction scale.

Space NG




