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Regulace velikosti - food for thought

Zakladni otazka vyvojové biologie wr
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Stejny plan téla (musi byt zachovany propozice), liSi se velikosti tkani a organu
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Regulace velikosti - food for thought

Velikost je nejzakladnéjsim fenotypem
Zasahuje do mnoha aspektd biologie Zivo&ichu: anatomie, fyziologie, chovani...

Proto je kontrola velikosti téla/organt kliCovym vyvojovym procesem, ktery zajistuje, Ze Zivo&ich doroste do
velikosti, ktera je pro jeho druh typicka.

* Nespravna regulace vede u organismu ke dwarfismu,
gigantismu a/nebo hypo- nebo hyperplazii u organd.




Regulace velikosti - food for thought

Regulace poctu bunék Regulace velikosti bunék




Jak se reguluje velikost embrya?

Pokud agregujeme dvé embrya dohromady - vznikne normalni jedinec
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,oize regulation appeared to be brought about by alteration in cell
cycle length. There was no obvious increase in cell death in the
double embryos nor an increase in the non-dividing cell population.,

Lewis and Rossant 1982

Prodlouzenim bunééného cyklu se upravi pocet bunék.
Dochazi k tomu po implantaci, ale jeSté pred gastrulaci




Pokud bunky nadbyvaiji: Jak se reguluje velikost embrya?

Pokud agregujeme dvé embrya dohromady - vznikne normalni jedinec

A Single Double

B EPIBLAST SIZE

[ p—
<L 250
a i
i £ 2001
Q Eﬁc—
i :
ﬂ EVJ‘J—
Q B
> Single Double
D 5 E__ ns V double embryi apoptézu indukuji jen buriky epiblastu (zadné jiné), které nejsou v
3 & 201 kontaktu s bazalni membranou a jen v brzkém emryonalnim stadiu.
2 i
w1 oo
=L m
o 8 o
& 5o
L
Srok Doube M STAGE I N sracem O  gsmacew
G g Hooo ns ) * ns _ na
2 10, 15 ——— ﬁ“-‘- - .
[1; ‘gé‘;ﬁn— " g . . g & E o .
o LE * = [ i
E E % B % N % 4
ﬂ ‘%JJJ- E - : E
g Ew;- - - u S E. 4 a0
) g i g " = g | =
. Single Double E' 24 <€ - “*
Y
) . i Al - n i
D‘M Dauble o Singla Doubla N ingla  Doubla

TINICASPIOCTAIDAPI

Orietti, 2020



Pokud bunky nadbyvaiji: Jak se reguluje velikost embrya?

Zopakovano na izolovaném epiblastu in vitro - bez prispéni trofektodermu
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Pokud bunky nadbyvaiji: Jak se reguluje velikost embrya?

Zopakovano na ESC
Inhibice apoptozy

Small Medium Large

/CASP3/PODXL/DAFI

Inhibice apoptozy nevedla k utvoreni epitelu. Orietti, 2020



Pokud bunky nadbyvaiji: Jak se reguluje velikost embrya?

Apoptéza ALE nereguluje velikost embryal!

Single Single Double
normal PAC (3/7 abnormal PAC (4/7) abnormal PAC (11/M11
: L ¥ .

[F=ACTIN/CASP3

Embrya s inhibovanou apoptézou dokazaly upravit svou velikost Oriett. 2020



Pokud bunky nadbyvaiji: Jak se reguluje velikost embrya?

Souhrn:

Zvyseny poCet bunék embryo kompenzuje prodlouzenim bunécného cyklu
nikoliv apoptézou.

Apoptdza je nicméne nutna ke spravnéemu vytvoreni epitelu epiblastu.
Dva rozdilné mechanismy: apoptdza x zpomaleni proliferace

Zpomaleni bunécného cyklu —
Apoptdza je nutna k usporadani
epitelu epiblastu u ,double” embryi




Pokud chybi bunky: Jak se reguluje velikost embrya?

Mouse preimplantation developmental clock

Time does ot siow for halved embryos: T » Polovicni embrya maji stejné nacasovani vyvoje
must be generated befors the jako normalni embrya, ale jejich vyvojovy potencial je
g impantation deadine sn iZen

» aby byl vyvoj zachovan, je nutna pritomnost aspon
4 pluripotentnich bunék.

» Fgf/Wnt modulace vede k napravé vyvoje
polovi¢niho embrya
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Existuje tedy ve vyvoji néjaky kontrolni bod, kdy embryo ,kontroluje” svou velikost?

Morris, 2012




Pokud chybi bunky: Jak se reguluje velikost embrya?

Half-embryo Whole-embryo
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Pokud chybi bunky: Jak se reguluje velikost embrya?

Souhrn:

« Polovi¢ni embrya dokonci svUj vyvoj (ne vSechna)

. Zadné 4 embryo nedokoné&i svij vyvoj - chybi mu buriky.
* Mozno kompenzovat modulaci FGF, Wnt signalingu.



Znamée signalni drahy, které jsou zapojeny do regulace
velikosti

Zahrnuiji:
 Geny

« Signalni drahy
* Hormony

« Dohromady zajistuji spravné proporcionalni a primerené velke telo

Insulin/IGF-, RAS/RAF/MAPK-, TOR, Hippo, and JNK pathways
e Crosstalk mezi nimi

* Rychlost riistu

* Délku rtistu

* Velikost (tkané organu)
* Koordinaci rastu



Znamée signalni drahy, které jsou zapojeny do regulace
velikosti
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Velikost — signalni drahy — Insulin/IGF1

e

Insulin/Insulin-like growth factor (IGF) Signaling (11S) pathway
* Mnozstvi IGF v zavislosti na vyzivé/nutrientech
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Velikost — signalni drahy — Insulin/IGF1

e

Insulin/Insulin-like growth factor (IGF) Signaling (11S) pathway
* Mnozstvi IGF v zavislosti na vyzivé/nutrientech

. IGF ligand

T Glucose
Metabolism







Velikost — signalni drahy - Ras/Raf/MAPK

e

Aktivovana IGF — viz predchozi slides
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Velikost — signalni drahy - TOR

Podobné jako IGF, také reguluje rist na zakladé pritomnosti Zivin, energie, kysliku

e Konzervovan od kvasinek az po ¢lovéka

* IGF a TOR jsou hlavnimi hraci podilejicimi se na predavani informaci o pfitomnosti zivin za Ucelem
koordinace ristu.
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Velikost — signalni drahy - TOR
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Velikost — signalni drahy - Hippo
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Drosophila vs. Savci

Hippo = Mst1/2
Salvador = Sav1
Warts = Lats1/2
Mats = Mob1A/B

Adherens
junction

o
%0
Insulin-like

peptides

-
&
-
PO L
------------
an

. Growth factors,

cellular stress,
radiation damage,

oxidative stress




YAPINng Hippo Forecasts a New Target for Lung
Cancer Prevention and Treatment

Duojia Pan

Howard Hughes Medical Institute, Johns Hopkins University School of Medicine,
Baltimore, MD



Velikost — signalni drahy - JNK

« Stresova pathway, reguluje bunécnou smrt, regeneraci tkani, hojeni ran
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Velikost — signalni drahy - Ostatni

« Signalni drahy, které kontroluji patterning
» Kontroluji tvar a uspofadani organu - zmény v buné¢ném rustu a proliferaci
 Hh, Wnt, TGF-f3




Velikost — signalni drahy — Zaveér a Otazky

« Znat zakladni signalni drahy, které reguluji velikost.




Aspekty kontroly velikosti — Drosophila

Imaginal discs — model system
Velikost disku determinuje velikost organu

(A) (B)

Drosophila life cycle Larve. 2
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Aspekty kontroly velikosti — Drosophila

MoRPHOGENS
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Aspects of Size Control — Drosophila

GAL4/UAS system: a geneticist's Swiss army knife

GAL4-Treiberline UAS-Line
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Development of the Drosophila wing




Aspekty kontroly velikosti — Drosophila

GAL4-Treiberline UAS-Line
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Aspekty kontroly velikosti

» VySe zminéné signalni drahy reguluji rust a proliferaci, to ale nevysvétluje samotnou
podstatu kontroly velikosti.
» Velikost tkané/organul/jedince uréuje tempo (rate) ristu a doba (duration) ristu.

Rizeno signalnimi Je regulovana systémovymi hormonalnimi signaly,
drahami, které reguluji které koordinuji zastaveni rustu v celém téle, a také
proliferaci a rust bunék organoveé autonomnimi procesy, které zajistuji, ze

organy prestanou rust, jakmile dosahnou své konecné
velikosti.




Aspekty kontroly velikosti

Rizeno signalnimi drahami, které reguluji proliferaci a riist bunék




Aspekty kontroly velikosti — Tempo rustu

« Regulovano rustem bunék a jejich proliferaci => vice vétSich bunék/Cas = vétsi organ/jedinec
Rust a proliferace jsou regulovany riznymi drahami.

Rust bunék:
« 75% bunky je tvofeno vodou, ionty a malymi molekulami
* 18% je tvofeno proteiny => rust zavisi na syntéze proteinu.




Aspekty kontroly velikosti — Tempo ristu
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S6K (S6 kinase) je ribozomalni 40S protein => kontroluje syntézu REPAMKVIRR

. , , . o 108
ribozomalnich proteinu c

5'GACGGGAC CACCTTATGT TATTTCATCA
TGTCCATATC CAAACAGAAT CGCACTCGCC

CARACACACA CACGCACGCA [ETGGCGGACG
TGAGCGATCC CAGCGAACTG TTCGACCTGG
AGCTGCACGA CCTGGAACTG CAGGACGACA
AGGCCAGGGA CTCCGACGAC GACAGGATCG
AGCTGGACGA CGTTGACCTA GAACCGGAAT
IGTGTATTAA TCTGC 3'

» Deficience S6K (I-1/I-1) — opozdény vyvoj, mensi jedinec, ale
stejny pocCet bunék




Aspekty kontroly velikosti — Tempo rustu

S6K je ribozomalni 40S protein => kontroluje syntézu proteinu
» Deficience S6K (I-1/I-1) — opozdény vyvoj, mensi jedinec, mensi organy, ale stejny pocet bunék
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Aspekty kontroly velikosti — Tempo rustu

S6K je ribozomalni 40S protein => kontroluje syntézu ribozomalnich proteinu
+ dS6K (overexprese) — vétsi bunky

G ap-GAL4/+ ame. ap-GAL4/UAS-dS6K

Mon{é“gne'ét al., 1999 _



Aspekty kontroly velikosti — Tempo rustu - Insulin/Insulin-like
growth factor

« FOXO reguluje velikost organu prostfednictvim kontroly poc€tu bunék
* VySSi exprese FOXO, mifi bunék

dpp-dFOX0

Control

100 £ 7.8 % 79.1 52 %
100+ 2.9 %
Control
—' = f p
60.4+98 %

u

Puig et al, 2006 "

Control GMR-dFOX0




Aspekty kontroly velikosti — Tempo rustu - Insulin/Insulin-like
growth factor (IGF)

« FOXO reguluje velikost organu prostfednictvim kontroly poc€tu bunék
* VySSi exprese FOXO, mifi bunék
* Rescue fenotyp prostiednictvim overexprese dAkt (inhibice inhibitoru ristu)




Aspekty kontroly velikosti — Tempo rustu — bunéény cycklus
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Aspekty kontroly velikosti — Tempo rustu — buné
MYC
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Aspekty kontroly velikosti — Tempo rustu — bunécény cycklus -
MYC
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Aspekty kontroly velikosti — Tempo rustu — bunéény cycklus -
MYC
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Aspekty kontroly velikosti — Tempo rustu — bunécény cycklus -
MYC

Myc deficience
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Aspekty kontroly velikosti — Tempo rustu — bunéény cycklus -
MYC

Shrnuti MYC

Myc overexprese = vice vétSich buriek, rychlejSi proliferace, vétsi jedinec, ztrata kontroly velikosti
Myc deficience = mensi bunky, mensi jedinec

Velikost kfidla je kontrolovana Wnt (\Wg)



Aspekty kontroly velikosti — Doba rustu (Growth duration)

Je regulovana systémovymi hormonalnimi signaly,
které koordinuji zastaveni rustu v celém téle, a také
organove autonomnimi procesy, které zajistuji, ze
organy prestanou rust, jakmile dosahnou své konecné
velikosti.




Aspekty kontroly velikosti — Doba rustu (Growth duration)

Regulace tempa rUstu a proliferace (Growth rate) nestaci k plné kontrole ristu

» Rozdily mezi jedinci (a také mezi jednotlivymi druhy) jsou zpUsobeny rozdilnou
velikosti a po¢tem bunék -> také regulovano dobou rastu

« Mnoho signalnich drah a molekularnich mechanismu, které reguluji tempo rustu, jsou
také zapojeny do regulace doby rustu.

« Drosophila — 3 larvalni stadia
* Velikost jedince je dana: tuhym exoskeletem — nedochazi k dalSimu rustu, velikosti
larvy ve stadiu kdy prestava pfijimat potravu, pfed stadiem kukly (larval wandering).
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Critical weight (grams)
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Aspekty kontroly velikosti — Doba rustu (Growth duration) -

IGF_

wvr wviwv s

stadiu (zaCatek 3. instaru) a je asociovano s
nabytim urcité velikosti (critical size), coz je
doprovazeno syntézou hormonu ekdyson
Ekdyson je syntetizovan v narustajicich pulzech a
kazdy pulz je asociovan s konkrétni udalosti ve
vyvoji (metamorfozou).

 Critical size chybi u Clovéka.
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Aspekty kontroly velikosti — Doba rustu (Growth duration) -
IGF
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Aspekty kontroly velikosti — Doba rustu (Growth duration)

ProdlouzZeni doby ristu vede k
,zachrané” fenotypu cyckE hypomorfni
mutace

wildtype

cyceF

Amn©s5>RpS6 RNAI
CycE*/cycEF

- |arval growth period

Lin et al., 2011



Aspekty kontroly velikosti — Doba rustu (Growth duration) —
syntéza proteinu
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Aspekty kontroly velikosti — Doba rustu (Growth duration)

Presny mechanismus jak larvy zaznamenaji svou critical size neni
jasny... ale...

Control of body size by oxygen supply reveals
size-dependent and size-independent mechanisms
of molting and metamorphosis

- - . ) .
@ Viviane Callier and H. Frederik Nijhout’
‘ Department of Biology, Duke University, Durham, NC 27708
-

Edited* by Mary Jane West-Eberhard, Smithsonian Tropical Research Institute, Ciudad Universitaria, Costa Rica, and approved July 28, 2011 (received for
review April 27, 2011)

Here we show that this size-sensing mechanism depends on the
limited ability of a fixed tracheal system to sustain the oxygen supply to
a growing individual. As body mass increases, the demand for oxygen
also increases, but the fixed tracheal system does not allow a

corresponding increase in oxygen supply. We show that interinstar %

molting has the same size-related oxygendependent mechanism of .% =

regulation as metamorphosis. We show that low oxygen tension =

induces molting at smaller body size, consistent with the hypothesis el |

that under normal growth conditions, body size is regulated by a s %

mechanism that senses oxygen limitation. Q05 b " S B

® Sthinstar

L . 1 1
0.1 1 10

Larval mass (grams)



Aspekty kontroly velikosti — Doba rustu (Growth duration)

Presny mechanismus jak larvy zaznamenaji svou critical size neni jasny, ale jsou
znamy signalni drahy regulujici syntézu Ekdysonu a tim reaguji na dosazeni
critical size

IS, TOR, RAS/RAF/MAPK
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Aspekty kontroly velikosti — Doba rustu (Growth duration) -
Clovek
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Aspekty kontroly velikosti — Doba rustu (Growth duration) -
Clovék

A co Clovék?

« Zastaveni rlstu je asociovano s koncem puberty -> nacasovani puberty je dulezity
faktor v regulaci velikosti

* Hormonalni zmény v puberté jsou znamy, ALE mechanismy, které fidi, kdy jsou tyto
hormonalni zmény zahajeny, jsou mnohem meéné pochopeny.

,For example, children displaying precocious puberty are typically tall for their age
because of an advanced adolescent growth spurt, but generally become shorter
adults because they enter maturation and, therefore, adulthood earlier. Conversely,
delayed puberty commonly leads to individuals with high stature.”

« VysSSi BMI, dfive puberta
« To naznaluje, Ze naCasovani puberty a zastaveni rustu u lidi, stejné jako u Drosofily,
jsou regulovany stavem (mnozstvim) vyzivy a velikosti téla mladistvych.



Aspekty kontroly velikosti — Doba rustu (Growth duration) -
Clovék

LIN28B the first genetic determinant regulating the

timing of human pubertal g%clg

Genetic variation in LIN28B is associated with the timing
of puberty

Ken K Ong', Cathy E Elks"?, Shengxu Li%2, Jing Hua Zhao'?, Jian’an Luan'?, Lars B Andersen®,
Sheila A Bingham:"’s. Soren Bragel’z, George Davey Smith?, Ulf Ekelund!:>8, Christopher J Gillson!2,
Beate Glaser’, Jean G()ld'mgg, Rebecca Hardym, Kay-Tee Khaw!!, Diana Kuh!?, Robert Luben!!,
Michele Marcus'> ™', Michael A McGeehin'?, Andrew R Ness'?, Kate Northstone'®, Susan M Ring!é,
Carol Rubin!?, Matthew A Sims!?2, Kijoung Songl-", David P Strachan!8, Peter Vollenweider'?,
Gerard Waeber!?, Dawn M Waterworth!?, Andrew Wongm, Panagiotis Deloukas?®, Inés Barroso??,

Vincent Mooser!'?, Ruth J Loos!? & Nicholas ] Wareham!-2

» 1 his allele was also associated with earlier breast development in girls; earlier voice breaking and more
advanced pubic hair development in boys; a faster tempo of height growth in girls and boys; and shorter
adult height in women and men in keeping with earlier growth cessation.*




Aspekty kontroly velikosti — Doba rustu (Growth duration) —
LIN28

» Dulezity v mikroRNA processingu (inhibuje Let-7).
» Kontroluje rist a metabolismus.
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Aspekty kontroly velikosti — Doba rustu (Growth duration) —
LIN28

« Zpét kK moucham

s v v s

» Deficience lin-28 vede k dfivéjSimu zakukleni, mensim a leh¢im jedincum
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Aspekty kontroly velikosti — Doba rustu (Growth duration) —
LIN28

« Zpét kK moucham
» QOverexprese lin-28 vede k vétSim jedincdm a problémum pfi lihnuti (problémy v

pribéhu metamorfozy)
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Aspekty kontroly velikosti — Doba rustu (Growth duration) —
LIN28

Let-7 deficience

A AACCCGTAAATCCGAACTTGTG  TGAGGTAGTAGGTTGTATAGT TCCCTGAGACCCTAACTTGTGA Larval wandering
mir-100 let-7 mir-125

5 —ul > [ | o B —3 cChr2L
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W+ W
.. B
m 366 bp

D 4+~ o

o0 08 108 114\

oL pupation
H  Adult lifespan
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Caygill et al., 2008
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Aspekty kontroly velikosti — Doba rustu (Growth duration) —
LIN28B

.r"-f

Let-7 overexpresse vede k zastaveni vyvoje v L1, L2 a vysoké letaliteé => overexprese miRNA
ve vestigial (vg) — wing-specific

A L3 clone growth B L3 wing disc size
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Negativni regulace rustu

06 =a== (10Gal4 control
, 05 - G10Gal4, P35
» Apoptoza §°"
03 1
g 02
ol T
0.0 4 ® e 8 -
& & @& @ o

Disc size, pixels (x104) ———»

White et al., 1994




Aspekty kontroly velikosti

— Velikost organu

Organy ,védi“ jakou velikost maji mit. A taky ,védi”,

se velikosti organu tyCe. Koncept predstaven jiz v 70. letech.

Baby Unilaterally Nephrectomised

12 weeks '

MNermal
Baby

Adult

Adult

Baby

kdy maji pfestat rist => autonomie co

Table 1.—Growth and Hypertrophy of Baby Kidneys

in Babies vs Adults

iy

Unilaterally Mephrectomised

Adult

Rat Age, Kidney Age, Kidney
Weeks Weeks  Size,cm”
Baby rat unilaterally 4 4 1.27 *0.10
nephrectomized at 7 7 1.80 =010
4 weeks
12 12 2.05%+0.13
Baby kidney at 4 weeks 12 4 1.30 =015
transplanted into 15 7 1.88==0.12
bilaterally nephrec- 20 12 510014

tomized adult rat

wP k@

Biloterally MNephrectomn sed
Adu.f




Aspekty kontroly velikosti — Velikost organti

To samé plati pro octomilku.

Imaginalni disk kiidla Ten stejny disk, kultivovany in vivo v dospélci




Aspekty kontroly velikosti — Velikost organt

Savci maji podobny télni plan, ale velikost organu se dramaticky liSi

Velikost neni nahodna, ale je vysledkem dukladné regulace

Velikost organu se také musi pfizpusobit fyziologickym potfebam (pfi odebrani
ledviny, ta druha hypertrofuje)

Koordinace proliferace a bunééné smrti je kliCova pro spravnou velikost organu.

Size was determined by integration of a limb-
intrinsic “potential,” which was greater in
tigrinum,

and a systemic “regulator” more active in
punctatum

« Kazdy organ ma autonomni kontrolu velikosti
(Castécné vsSak podléha i systémove kontrole)

« Zda se, zZe growth duration/timing je tim
klicovym




Aspects of size control - Size of organs

Fig. 1.,—Larva of Amblystoma tigrinum with a punctatum fore limb (gr) on the right
side; n, normal limb. Exp. NE.10; specimen preserved 76 days alter operation.

Fig. 2.—Larva of A. punctatum, the donor of the limb shown in fig. 1. Regeneration
of the lost limb has not occurred. Specimen preserved 76 days after operation.

Fig. 3.—Larva of A. punctatum, showing a gigantic, but otherwise normal, tigrinum
limb (gr), grown to this size after having been grafted in the limb bud stage; #, normal
limb. Exp. NE.13, specimen preserved 72 days after operation.

Fig. 4.—Normal control larva of A. tigrinum of the same age.



Aspekty kontroly velikosti — Velikost organt

« Kazdy organ ma autonomni kontrolu velikosti
* Link na minulou prednasku

(A) wild-type

Termination codon
within intron

Mutant

Termination codon
within intron
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Y
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e

Non-functional protein

f

Muscle hypertrophy




Aspekty kontroly velikosti — Velikost organti

Koordinace proliferace a bunééné smrti je kliCova pro spravnou velikost organu.

|

Hippo




Aspekty kontroly velikosti — Velikost organt - Hippo
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Aspekty kontroly velikosti — Velikost organu - Hippo

A u savcu?
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Aspekty kontroly velikosti — Velikost organu - Hippo

Hippo a bunécCna smrt
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Aspekty kontroly velikosti — Velikost organu - Hippo
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Aspekty kontroly velikosti — Velikost organti — Hippo - zaveér
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BONUS: Zpet k prednasce regulace velikosti

NEURODEVELOPMENT

Human-specific ARHGAP11B increases size and

folding of primate neocortex in the fetal marmoset A WT TG1 TG2 TG3 TG4 TGS TGS TG7
Michael Heide'*, Christiane Haffner', Ayako Murayama®>, Yoko Kurotaki®, Haruka Shinohara®, o =
Hideyuki Okano®?>, Erika Sasaki®, Wieland B. Huttner'* ARHGAP1 1B

ARHGAP11B je pouze u lidi 5 | o epreseng | Ll |

Vznikl pfed cca 5 miliony let ¢aste¢nou duplikaci genu ARHGAP11A (Rho- " TN

GAP v jadre)

ARHGAP11B ale diky point mutaci ztratil tuto aktivitu a je lokalizovan v

mitochondriich, kde se ucCastni metabolismlﬂlglutarrJViTnu
R—C

ARHGAP11B

]| ARHGAP11B |

Zvyseneé mnozstvi radialnich glii, neuralnich
kurzord neokortexu
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pravdu tento gen oddelil Cloveka B
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“The cells amplified upon ARHGAPI11B ’W
expression in fetal marmoset neocortex
exhibited a marker signature consistent

)
-
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Neocortex size in mm

width
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Zaver a otazky

» Kontrola rustu/velikosti Growth rate vs Growth duration + pfiklady (ne detaily)
» Kontrola rustu/velikosti organd (Hippo)
« Védeét, ze existuje i negativni regulace.

78




Tempo rastu Doba/délka rdstu

Regulace poctu bunék Regulace velikosti bunék

Tomas Barta
tbarta@med.muni.cz
Dékuji za pozornost 79




