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1 Introduction

A mitogen-activated protein kinase (MAPK) pathways is activated by a specific MAPK kinase
(MAPKK) through phosphorylation of conserved threonine or serine residues in MAPK. While
MAPKK is activated and phosphorylated byMAPK kinase kinase MAPKKK][1]. The extracel-
lular signal-regulated kinase 1/2 (ERK) are a family belongs to mitogen-activated protein kinase
(MAPK) family. The role of ERK signaling plays a crucial role in cancer development includ-
ing tumor invasion, metastasis and, tumor cell migration where ERK are frequently observed
in various cancers. The activation of ERK promotes malignant transformation and tumorige-
nesis in most immortalized and cancer cells. Currently, we are investigating the physiological
significance of the multi-step activation mechanism of MTK1 which is a stress- responsive of
MAPKKK. MTK]1 activated and binds to GADD454 serves as a key mediator of p38/JNK ac-
tivation induced by oncogenic ERK signaling[4]. Based on these ERK signaling pathways, we

build our mathematical model and simulation.

2 Formulation

We built the model by considering the proteins of MTK1, GADD455, ERK, and EGR1. Then
we consider four conditions to see the relation between GADD4583 and active MTK1, GADD4503
and reaction between GADD455-MTK1, active MTK1, and reaction between GADD455-MTK1:
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3 Results

As a result, it is suggested that the multi-step activation of MTK1 not only introduces a time
delay but also acts as a selective filter. It triggers cell death only in response to sustain the
ERK signaling such as in cancer cells, while preventing unnecessary activation of normal cell

with ERK transient signaling.
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1 Introduction

The cerebral vasculature constitutes a complex hierarchical network, spanning from large blood
vessels connected to the heart (on the order of centimeters) to microvasculature with diameters in the
micrometer range, such as arterioles and venules. Blood flow in these vessels are typically simulated
using one-dimensional (1D) and zero-dimensional (0D) models, respectively. Although such models can
efficiently capture flow and pressure variations, they neglect the effects of physiological autoregulation
mechanism on the flow redistribution and directionality across the vessel network. In this study, we
developed a multi-scale cardio-cerebrovascular model coupled with autoregulation mechanisms to
investigate the effects of different cardiac output from the heart—pulmonary circulation and vascular

network structures on the blood circulation, such as cerebral hypoperfusion after the bypass surgeries.

2 Mathematical Models

First, the cerebral autoregulation mechanism considered in this study is based on a 0D network
representation of the arterial system, in which each blood vessel is characterized by viscous resistance.
To account for flow autoregulation under systemic blood pressure fluctuations, Poiseuille’s law is

applied to relate the flow rate Q through a vessel segment to the pressure drop AP across it[1, 2]:
ﬂ =R = 8u l"f
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Here, u denotes the blood viscosity, and /;, rj, and R; respectively represent the length, radius, and
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resistance of the vessel segment connecting the nodes i and j. Under the assumptions of fully developed
laminar flow and the mass conservation at each junction node, the steady-state pressure and flow

distribution across the entire vascular network can be formulated as a system of linear equations:
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This system is solved iteratively based on the boundary conditions specified at the inlet and outlet. The
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inlet flow rate and pressure (Qiniet, Pinlet) are provided by a time-dependent heart—pulmonary model[1]:
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Here, Lav, Rav, and By, signify the coefficients for inertial terms, viscous losses, and Bernoulli resistance,
respectively. The subscript /v refers to the left ventricle, and inlet corresponds to the aorta in this model.
Moreover, the outlet values (Qoutet, Poutlet) are iteratively adjusted by Eq.(1) and local autoregulation

mechanisms. At each iteration £, the terminal pressure P, is updated as follows[2]:

Poul]et,k - Pv - Qnullel k Rv
Qoutlet,k

V2 =0.

sa,0’ s

2
:l ’ |:Ca,k (Bmtlet,k - 2P10 + P\ + Qnutlet,kRv) - Ca,O (2Poutle/,k - 2P10 - Qoullet,ORsa ):' + 2Vs§ - 4R

Here, the subscripts v, ic, and sa denote the venous, intracranial, and small artery terms, respectively.
C. 1s the arteriolar compliance, and iteration & = 0 indicates the values under baseline conditions.
Next, each vessel is modeled as a 1D compliant tube, and the temporal evolutions of flow rate and
pressure are resolved along its length. The global steady-state solution from the 0D resistance-based
vascular network (Eq.(2)) provides the directional flow at each segment as boundary condition for the

1D model. The well-established equations of conservation of mass and momentum are represented as[1]:

04,0, §Q+5[Q]+A§P+f=o with P(x,z)=g+PO+K[ Alx,) —1}, 3)

ot Ox ot ox\ A) px A(x,0)

where ¢ denotes the time and x the axial coordinate along the vessel. The variables A(x, ?), O(x, t), and
P(x, ?) respectively represent the cross-sectional area, the flow rate, and the average pressure over a
cross-section. The term fis the friction force per unit length, p is the blood density, and K is the stiffness
coefficient of the vessel wall. P, and Py respectively stand for the external and reference pressures.
Finally, based on the cerebrovasculature model proposed in [3], which reconstructs coarse- and fine-
scale vasculatures from CT images and forms complex pathways over the cerebral surface, the network

simulation based on the 1D formulation can be applied to a realistic vascular network structure.

3 Summary

The proposed multi-scale model coupling autoregulation mechanisms captures both steady-state flow
redistribution and pressure-flow propagation throughout the arterial network, offering a comprehensive
description of cerebral hemodynamics. In this talk, we’ll present a more detailed theoretical framework,

and demonstrate several comparative results through a series of animated visualizations.
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JEIERSEHLA (Tumor-Associated Antibodies; TAAs) 1%, 2SANZXT D IEMERIER ST X
VEAINDBOHUKRTH D, AHIETIT, BEDABE 339 4 LT H 152 4128\ T
1EF D TAAs ZIHIE L. :m%%wfﬁéﬁ BT OETNVEMEE L, ZTORREE, FrR
FE 95% LA b & SR ICRRE LT A . BT 429 CTh 72, ZHUE. THETO TAAs 1T L D%
Wit L D L EWEETH Y | a?’ﬁODf@Jiﬁiﬁ [C LB DREEN EAWIRESND,

HE - HWY]

FEEE B HTIA (Tumor—-Associated Antibodies; TAAs) X, 2N ANZ X9 BRSO ROGIZ LV
FEESNADBACHIIETH S, TAAs O TY pb3 Hiilid, I8 - KB - s ORI 2l
&L TRIBIER SIL TV D03, BIEFICIV T pb3 PUREM O X 25%TH Y, WELEL
KOFBEZRELTND (D), LML, TOREZ EEID TAAs 1372 <. £72E85O TAAs %
MABHET, By METHEIC iéﬁﬁ%%&f@ﬁbt A LB ER LICZE-T
b\fotb\(Z) — 7 VAR E T B R SE 5 B T éhfb\éfr%éwi # (Machine learning;
ML) 1%, AR CTHEMERT — 2 DRI NE — U BT DO SN CE RN
%U\MM CEXDBENAOBEITIIMLICE D7 Tu—Fnagaht Bbh b,

(R & H51%]
FATHFZEICIBNT, 10 AR — I bikx R AT — U ORIENABE 339 fEH & 2 2R — b
OREFH 162 JEFI O MG ZINEE L, 6 FJHO TAAs (p53 HLils, c-Myc Hiufk, NY-ESO-1 Hifk,
p62 iR, RalA HUiF, Suil FifK) &% ELISA{ETHIE L7z, AFETIE, ZhboT7r—4%
EHLTM S5 VAR L, BARMIZIE, 10ar:—FrD9o b, BENA2 aFR—k (176
JEG)) CHEEFEE 1 ads— b (T4ER) Z3lTr—2 &L, BV ET AT —XE LTz, 7272
L. T — 2 13 B85 — % ThH7=, Synthetic Minority Over—sampling Technique

(SMOTE) Z HWCHrT — & & L., i\ T, TAAs T &I EME SR AE R =2 H L, i
WAL AT 72, BT AR TII R 2Ny 7 — D caret (version 6. 0-90) 2 VT, svmLinear.,
svmRadial, rf, xgbTree, nnet ZELH L. NA LT E 2T H0ETT LV ERE LT,
AEFEMRGEIX, 5-fold cross validation TiTo72, AT T A0 H H T SNLAHERIZOWT,
FERPEMN 95%LL L L 72D X HOBEAZRE LTz, 7 A T — XL, JliiT — &% OE & FEARE
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HERZEZ T TAAs T & (UL U 7= 2R URBIMEZ VT, RS « BrRE 28 LT,

G2
TANT—=HIZBITHEETNVORKE - R, svnlinear : GG 42%, FrHEEE 95%,
svmRadial : J&BE 32%, AHFFLEE 99%. rf : JREE 100%, HEFEE 0%, xgbTree : [&JE 95%, HpHLpE
10%, nnet : J&JE 50%, HFEE 929 CThH o7, £7o, TAFaIKR—bDHH 20 FEFILL EH D =
A= P OEERFZETHTND 1I0RECTH o7z, F/2. T A Fadk— MMIHOWT, AT —V 1
DIEFE T 30% TH Y . TDH% AT —UNHETIZHO>NTER L, A7 —YIVTIEEMN 605 TH -
77

[Z%:
svmLinear THEEE L 7o BHE 7 /VId, FrEAE 95% A ERF L DD SEATHIZE THE L 724 TAAs HL
MOEL Y bEWKETh o7, £72, adh— MEAOEEDIX L 2E b/ S otz 51k,
BAIEGIZ O L, BT —# 4R E 5 2 & T BORER LA Sh D,

[crik]
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1 B=E

I, BEEARER (UC) 27 v— 9 (CD) &K sh 2 KIEMERE (IBD) ofEinke
LT, B4 ERET Z & 247 EE S X MRS 7 JAK FHEAIDFHE NS K 512koTWn3.
L2L, YOBEICEDHEAZHWSEDPRERIGFENIREZ 75T WS RS T
V. AR T IBD OMENAL A~V —h—ThHsr4> Y)Yy Fa27Varar4r (LRG) [1]
czaiuferTanT s aey (Fuc-proHp) [2] D7ribiED & 1R I i 7 4 V) 1O S 2 2841
THEMETVEMEL, ZOREMEICOVTHEIL .
2 MBENAAT—H—DFH

UC - CD & DRFIE %2 W T CRP, LRG, Fuc-proHp ZHIEE L, ERD O EEMLI-E
A, N4 7ay b+ ETCRP - LRG & Fuc-proHp IZEXR LHiE D WMDOEF DRI 2 Z & H/RE
S (K1), 2512 LRG & Fuc-proHp @ 77ii2BI LT, IBD Oflik RNA-seq DRt 7 — %
(GSE193677) ZHWTERS 285+ (LRG1 & HP) OFEHEZMET Lz, Z0HE, LRGL X
fHE a > b o — R TIERIEMM B X CRIEMM THRERDPERISE WD, JERIEHMS K O
FIEHMROM TIFAERLRE IR P o7, —F, HP TIRMEFEE 2~ b u— L e IRRIEMMBIc bR TSR
JEA CHRHEENERICE VS, a¥ br— L e EREMBROMTIEERRZERr 72, MU EX
D, LRG1 X IBD OJisfE, HP IZRIEIREEZ KL L T\ 2 Z e AR E .
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3 MBENAFIY—H—Il L DEMERRE O REEIR
MiEANA A ~—A—WE (LRG, Fuc-proHp) &IRFEICHWZHEA| (Inhibitor: Anti-TNF
(TNF-a FHEHD, Anti-IL12/23 (IL-12/23p40 FSEAD), JAKI (JAK BHSEAD), Anti-integrin (4
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Y77V YEHFEAD. Anti-integrin ZRXN—2 54 Y& LR I —FH) TMZ, N4 A~—D—70
H®EHFAIOL AR ZHAZEE LTID AR, HEARS O 8 HMRZROEMDER (Outcome:
Failure : 3EZ8Y), Success: £I)) 2 FHT2UTOuI 27 4 v Z[AIFE TV EREEL /2.

A
1—A

= By + $1LRG + BoFuc-proHp + Bs3Inhibitor
+54LRG x Inhibitor + SsFuc-proHp x Inhibitor

In

CITANIBUMERTHS. X618, ZOETAL S, HEAMGIC LRG & proHp O MWED 5%
MR 2 TR 2 EAET NV E 4 O L, RED LRG & proHp DM L TR DR
RBr 52 307 VOMERZ Rl 2 AV ENEA e 5 2:8RET L Z2MELL (M 2a).

Z DEGEZEIRE T L ZFHWT, leave-one-out i(ETHEEFICE G LIZAEA e ET v 6 FIREI LS
FHEAID—H L Tz E#E (Matched) ¥ A—HDHEHF (Unmatched) IZ75FHL, ZHhZ2hDEHR
Z 3 2 £ Matched DEFDOHPARICE VR Ko7z, 61, LRG & Fuc-proHp D77k
DIWNTT & HITEEL R D 7 — 7% Mild (B4E), Zhblst% Severe (EIE) & 77%H L T Matched
¥ Unmatched DEEZEDBEMRELLIL L /22 25, Severe DHHIIX SWRXBMNBICHRELREN DD,
F v XHIZ LT UC T 6.63 1, CD T 4.08 =R E LB KER R o7 (K 2b). lLELD, &
e CHESR L 72 MiE N A A ~—H — D LRG ¥ Fuc-proHp % FH W72 AY2A R 3FEIR £ 711 IBD
DEFNLIBROMEICHFE T2 DEEZLNS.

a b
UC 100 All Severe Mild

Matched patients Unmatched patients

o8 uc

LRG (ug/mL)
)

o
LRG (ug/mL)

-
o
Proportion of patients with success

ugimL)

o cD

LRG (ug/mL)

LRG

8

oo 68
%) e

&
o5
o
%
o
Proportion of patients with

o

)

.O%

a2 160 540 2 32 160
Fuc-proHp (RU/mL) Fuc-proHp (RU/mL)

atient type
Antintegrin

2. a. BEZHEANC X % LRG & Fuc-proHp B OHEBO 7 E ¢ B OB . b. EREELOERR

BENW
[1] Shinzaki et al. Leucine-rich Alpha-2 Glycoprotein is a Serum Biomarker of Mucosal Heal-
ing in Ulcerative Colitis. J Crohns Colitis.11 (2017), 84-91.
[2] Motooka et al. Detection of fucosylated haptoglobin using the 10-7G antibody as a
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