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-rieza (Dragon ball Z),

?

Planet Namek

Alchemy

First emperor, China, BC259-BC210



http://www.myspace.com/dragonnpixie



Still...we do not overcome the fear of aging.

We want to explain the mechanism.

More precisely,
we want to understand the biological process.



Animal Human
Not yet available!
(as far as | know)
cf. in vitro fertilization

>Body organs




Stem cell as the origin of the body organ.

Stem cell is a cell having two abilities:
1. Self-renewal
2. Differentiation

2 stem cells ’ ’ S
3 y tem cells
Differentiated <~ Y X "-a
2x2 daughter cells ells y —’ ’ 2
3x2 daughter cells =27 LTV KTy
YOS VDI Y



Stem cells Q v

oo o

HSC(GO)  HSC Progenitor Progenitor
o \
. Promegakaryo
o0, o o e
L-blast Mo-blast § Myeloblast v
" Myelocyte \ Baso-E
M Meta-M \ y Poly-E Megakaryocyte
(5] |
¥ A\ e(band) ' l Ortho-E Y .

/ ' i-li !I A | D & . 6 \
Lympho M N t(seg) E B .
ono eutro osino
Mature cells cpe  cyte ohi phi; pa?lo Erythrocyte  Platelet

White blood cells Red blood cell

-

Hematopoietic stem cell, Wikipedia



Normal and cancer
mammary stem cells

Myopeithelial

Progenitor
cell

cell

‘ Poorly differentiated
Cancer stem ) / aggressive tumor
cell ‘ 4 }

//

Well differentiated
non-aggressive tumor

M. dM. Vivanco, Function Follows Form: Defining Mammary Stem Cells, (2010)




Beike Biotechnology (China) develops therapies for disorders based
on adult stem cells.

THISWEEK

Why theboom
in DIY biology mattersto
scientists p64

Pleasereleaseme, 7 Marine
let megotostart my . censusrevealsits
own lab p63s Ay resultsp63s

Stem- cell lawsin Chinafall short

The Chinese government’sregulations of stem- cell treatmentsareadmirablein principle, but
tougher enforcement measures are needed to protect patients.

inadoesnot want to beknown astheVWild West of unproven
medica technologies Lagt yeer, the government took an
Important sep when it announced regulaionsrequiring,
among other things, that anyonewho offersstem-cd| procedures
should present dinical datasupporting ther efficacy, and secure
gpprova from thehealth ministry (see Nature459, 146; 2009).
Suchreguldionsaresordy nesded. A leedingbioethicist in China
ledt yeer eimeted thet morethan 1001sboratoriesthereoffer dem-cdl
proosdures meny of themunproven, dthough somedinicsreportedly
sopped offeringthetrestmentsafter theregul ationstook effect. But
thegovernment nesdstodo morethen smply announcerules it nesds
to givecompaniesclear ingtructionsfor complyingwith them.
Theregulationshavemedelittledifferencesofar toBakeBiatechnd-

1. have been injected into about 9,300 patients
2. as much as USD 26,000 for the procedure
3. Stem cell treatments are NOT READY for those

theprocedurescommerddly. Hesaystha Bake*“probably should
have’ taken thesameapproach in China.

et thecompany haspassed mugter withthegovernment, ssysMof-
fett. Offidashavevisted Bakesfadlitieswithout dosngthemdown,
which heinterpretsastadt goprova for thetrestments Hesayshe
knowsof no gpplication sepsfor formd goprova fromthehedth
ministry—and requested that Netureforwerd him any informetion
about such procedures.

Theproblem, it ssams isthat thereguletionsdo nat indudeenough
detailsfor implementation and enforcement. The health ministry is
nowoondgdering proposad guiddines aregted by agroup of sdentists
and ethicigts that set out deer criteriafor predinical and dinical
gudies and dinicd goplications Oneof thecommitteememberssad

Nature 467 (2010)

clinical use.




. Sato, Give ﬁy Regards to Black Jack, 5



Cancer uncontrolled cell growth

Chemotherapy
v side-effect: feeling sick, loss of hair etc.
v’ acquired resistance.
v (possibly) attacks normal cells

Cancer stem cell hypothesis:
There are also stem cells as the origin of cancer?
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What mechanism makes stem to mature cells?
Signal, regulation, chemical reaction etc..

P e > &

“It is well known that little is known for stem cell dynamics”
—an anonymous reviewer



e Stem cell?

« Mathematics?



ODE Model:
Stem cell maturation model



What regulatory
mechanisms for
homeostatic
condition?

Mathematical
modeling and
analysis

Interpretation in
terms of
biological
parameters




2 m cell
stem cells Stem cells

2x2 daughter cells Mature cells ;

- s

3x2 daughter cells <--"2

Fraction of self-renewal () € (0, 1]
Division rate d(t)

[ Inflow }[ Outflow ]
Stem cells, w(t) 2s(2)d(t)w(t) d(t)w(t)+ ww(t)

| Mature cells, v | 2(1—s(1))d(t)wl(1) My (1)

Stem cells {w’(t) = (25(t) — 1)d(t)w(t) — pow(7),
Mature cells | /() =2(1—s(r))d(t)w(t) — pv(t),

A. Marciniak-Czochra et al., (2008), Nakata et al., (2012)




/Assumption: N | ’ ’
Signal intensity Signal - v -
depends on the ===
amount of mature = - ‘Z———g="£"’v’ ‘v‘\s
\cells A B B A
Regulated fraction of self-renewal  s(f) := s, (v(t)) := 1+a]:;(t)
Regulated division rate (7)) :=d,(v(1)) := Pw
() =)= T

{w’(t) = (25(1) — D (t)w(t) — wew(t),
=2(1—s(6))d(0)w(t) — (1),

Mature cells

Stem cells {w' 1) = Qs (1) — Vel (0(0)) (1) — w(2),



Scenario 1: The division rate is regulated

/Reproduction
number
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Scenario 2: The fraction of self-renewal is regulated
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Sw > 1

The positive equilibrium is globally asymptotically stable.

The trivial equilibrium is unstable.

Sw <1

10



Regulated division rate Regulated fraction
of self-renewal
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Different required amount of stem cells to keep the population
balance of mature cells



Renewal Eg. Model:
Quiescence and proliferating



Example: hematopoietic stem cell

proliferation rate 3

4 )

Proliferative phase P

o Resting
— Gl M>< phase (G0)

A N

| cell cycle duration T

apoplosis raie Yl ‘
Ce I I d |V| S | on Cyc I e differentiation/death rate S‘

Quiescent cell model, Mackey 1978 V
jtP( t) =B (N())N(t)—e "*B(N(t—1))N(t —t) — yP(1)
d

—N(1) =2¢ ""B(N(t —7))N(t — 1) = (B(N(r)) + 8)N(7)

Coller, 2011, Pujo-Menjouet et al. 2005

dt



4 N

Formulation by

Renewal Equations Principle of linearized stability is available

N Y,

Complete picture
of qualitative
properties

Stability boundaries in a biological
parameter plane




Division + Produce 2 cells

Populatlon \

The # of proliferating cells
P(1) = / b(t —a).F (a)e 1§ BO g
0

\ ]\

Y Y : Probability not to divide
—— up toagea

Survival probability
up to age a

[Renewal equation p(t 2/ (t—a Eﬁ ($)ds g4 J

Age-specific division rate

Zilman, Ganusov and Perelson PLoS ONE (2010)



Characteristic equation and stability

Connection to Differential Eq.



— Division + Produce 2 cells
[ \

Prolierating cels ()

L Population
’ recruitment rate ](z)

A
| |
[Quiescent cells Q(r) age

The # of proliferating and quiescent cells

Population I
birth rate b(t)

P(1) = /0 C(ab(t—a)+1(t —a)Q(t — a)) F (a)e 5B gq

-
~/~
A N
N—
]

/ T = Q)b(t — a).F (a)e S8 10-a+5)ds g
O ]

1
Probability not to be recruited



System of RE

Population birth rate
b(1) =2 /O (ab(t —a) +1(1 — ) Qi — a)).F (a) B (a)e N5 B 4g

Density-dependent recruitment rate

I1(t) =G((1—q)P(t)+qQ(t)) / Gyllenbergetal. 1998 g =1/2
g < [O, 1] Mackey 1978 g=1

G : decreasing function




Diekmann, Getto and Gyllenberg, SIAM J. Math. Anal. (2007)

v'Renewal equation
x(t) = F(x)

where F:LY([—h,0],R") — R"

v'Equilibrium: constant sol. s.t.
%= F ()

Assume F'is Frechet differentiable at the equilibrium.

v'The characteristic equation
det(DF (X)e; —E) =0

where ¢, () = ¢ *?

Infinite delay: Diekmann and Gyllenberg, J.Diff.Eq. (2011)



The characteristic equation

0=e*(arh +pi(t,c)) = A+ pa(i.c)

(i ) =4 (%)

v'A characteristic equation in the literature
0=e*(ciA+c)— A +c3
For ReA < 0

4 N\ h

Stepan 1989 A sufficient criteria

\ J \\ J
4 A4 )

Kuang 1993 Exact condition using T as a free parameter

. J \\ J




As increasing q from O to 1

//

. ] . i As increasing delay
IR

R it
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«r The equilibrium is Stable
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Concentrated division mode Division

+ Produce 2 cells
Time neleded to divide
Proliferating cells p(; age

’ Recruitment rate I(t)
|

Birth rate b(t)

b(t)=ro(ab(t—1)+I1(t—1)Q(t—1)) roax<1
—

[ Oscillation ]< Proliferation due to recruited quiescent cells
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