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BUNECNY POHYB — B-LYMFOCYT
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Zakladni typy bunééné migrace
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MIGRACNI MODY

* Améboidni vs. mezenchymaini

* Hlavni rozdily:
* Mira a vyznam adheze k povrchu (nizsi u améboidni)

* Vyuziti aktomyosinové kontraktility (vyssi u améboidni)

Pozice MTOC (u améboidnich vétSinou za jddrem, u mezenchymalnich naopak, neni ale 100%)

* Rychlost:
Mezenchymalni: maximalné jednotky pm/min

Améboidni: aZz okolo 15 um/min
+ Typicti zastupci:
* Mezenchymalni: fibroblasty, epitelialni buniky proslé EMT véetné rfady nadorovych linii

* Améboidni: imunitni bunky (s vyjimkou makrofag(i), améby (napft. Dictyostelium)
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DVA EXTREMNI MODY MIGRACE SHRNUTI:

Myosin Il structures

Focal adhesions

Migration speed
Polarity
Adhesion

Migration mechanics
in vivo

Organization of action
cytoskeleton

Chemoattractant receptors

Amoeboid
Fast, ~ 10 um/min
Well-defined front and rear

Relatively weak, mostly
intercellular

Sqeezing through pores
in matrix/stroma
Thick dendritic actin
network at the cell front;
elsewhere, cortical
actomyosin mediates
contractility beneath the
plasma membrane

GPCRs

Mesenchymal
Slow, < 1 um/min
Multiple, competing lamellipodia

Strong, mostly ECM with well-
defined adhesion complexes

Traction via adhesion to ECM,
matrix degradation as necessary
Dendritic F-actin in lamellipodia;

acto-myaosin miniflaments
mediate contractility behind the
leading edge(s) and form thick
stress fibers attached to
focal adhesions

RTKs

AMEBOIDNI VS. MEZENCHYMALN{
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Amoeboid migration

a Mesenchymal migration

Alignment along e
Proteolytic the ECM fibres o
path [
= -\: Integri High proteolytic
ECM Nucleus Microtubule- activity
fibre organizing centre
Microtubule Protease-loaded /\ /

vesicle

b Mechanisms of 3D locomotion

Propulsion wave-mediated
3D locomotion

Friction-mediated
3D locomation

Receptor-mediated
3D locomotion

Non-integrin
adhesion
receptors

Pushing against
ECM fibres

Actomyosin
OD-

No substantial
ECM attachment

Numerous focal adhesions
of high stability

Retrograde actin flow

Actomyosin

Other surface
molecules

Frictional
interface

ECM fibre

Contractile waves coupled
to ECM deformation

[ Mesenchymal migration

e Confinement
* Low adhesion
* Increasing contractility

Highly confining,
crosslinked ECM

e Inhibition of proteases

Low-adhesion
chamber

Amoeboid migration

Lobopodial migration

Path of least
resistance

a4
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KOMPLIKACE KLASIFIKACE BUNECNE MIGRACE

* Problematika klasifikace migrace:
* Déleni je umélé, ve skutecnosti existuje plynuly prechod od jednoho médu k druhému.
* Stejné bunky se mohou chovat jinak v zavislosti na vnéjsich podminkach
+ “Lepivost” substratu, dimenzionalita (3D/2D/1D)

« RGzné bunky obsahuji jiny “mix” cytoskeletarnich reguldtord, coz vede pokazdé k

trochu jinému migra¢nimu fenotypu.
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| Amoeboid morphology I Force balance l Leukocytes Other amoeboid cells
@ neutrophils [16,34], m:;fg
T lymphoblasts [43,44] Amoeba proteus
20 C— P
@ A dendritic cells
(M.S. unpublished), nematode sperm [21,48],
Myoll-inhibited Myoll-inhibited
2D neutrophils [16] Dictyostelium [18,20]
protrusive c P and T cells [17]
A .
@ o Dictyostelium [20,23] Ad heSIOn
Protrusion
dendritic cells [19], Co ntraction
neutrophils [19],
B lymphobiasts (1] Fundulus deep cells [26]
T lymphoblasts [39]
Myoll-inhibited
dendritic cells [19]
and neutrophils [19]
protrusive
LatB-treated zebrafish PGCs [25],
dendriticcells  Fundulus deep cells [24,26],
(Suppl. Video2, amoeboid tumor cells
3D Fig. 1B) (see references in Box 1)
contractile |
Current Opison in ol Biology Bi7005 Bunécné regulace / 10




Vyznam malych GTPaz v regulaci
dynamiky cytoskeletu
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POHYB BUNKY PO SUBSTRATU

actin staining actin staining

fimbrin

non-muscle
erapni{: Myosin 11

a-actinin

Lamelipodia Stresova vlakna

Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)




MALE GTPAZY Z RHO RODINY JSOU KLICOVE REGULATORY CYTOSKELETU

GTPase Activating Proteins
GAPs

P;
GTP : e)p “inactive”
GDP GTP

GTP Exchange Factors
GEFs
(Dbl-homology proteins)

“active”

Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)
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MALE GTPAZY Z RHO RODINY JSOU KLICOVE REGULATORY CYTOSKELETU
I//
‘RacGTP -
S
i
WASp PAK | MLCK
faIuly l yMI-{ l

Arp 2/3 filamin (decreased)
(branching (web myosin
nucleator) cross-linker) activity

branched actin web less stress

in lamellipodia fiber formation

Figure 16-85a Molecular Biology of the Cell 6e (© Garland Science 2015)
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MALE GTPAZY Z RHO RODINY JSOU KLICOVE REGULATORY CYTOSKELETU

/

Rho-GTP
'4 N\

. .\
Rho-dependent formins © =9 -a+
kinase (Rock)

\'\

’//J\

y formin
MLC e oo e
phosphatase plus end
LIM MLC(P)
kinase l
Y
cofilin (increased) actin
myosin bundle
activity growth
more stress fibers

|

integrin clustering and
focal adhesion formation

Figure 16-85b Molecular Biology of the Cell 6e (© Garland Science 2015)
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MALE GTPAZY Z RHO RODINY JSOU KLICOVE REGULATORY CYTOSKELETU

actin staining actin staining

(C) Rac ACTIVATION (D) Rho ACTIVATION | |
20 pm

Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)




Mezenchymalni migrace

a Mesenchymal migration

Alignment along
Proteolytic : > | the ECM fibres
path : B

oo — {. W High proteolytic
. | activity

Microtubule-
organizing centre
Microtubule

—

Protease-loaded™
vesicle
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POHYB BUNKY PO SUBSTRATU

actin cortex substratum
lamellipodium

actin polymerization at
cortex under tension plus end protrudes
! I lamellipodium

m=) PROTRUSION

movement of unpolymerized actin

myosin I

ATTACHMENT AND

contraction TRACTION

-

focal adhesions
(contain integrins)

-

Figure 16-75 Molecular Biology of the Cell 6e (© Garland Science 2015)
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POHYB BUNKY PO SUBSTRATU — MODEL KERATOCYTU (V KUZI RYB A OBOJZIVELNIKU)

(B) I | (C)

10 um

Figure 16-77 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Migrovat mohou i bunécné fragmenty

()

00:00:00
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V4

ILUSTRACNI PRIKLAD - MINIROBOTI

 https://www.science.org/doi/full/10.1126/scirobotics.abd0272
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AKTINOVA SIT V LAMELIPODIU — KLICOVA ROLE ARP2/3

Figure 16-78a Molecular Biology of the Cell 6e (© Garland Science 2015)
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AKTINOVA SIT V LAMELIPODIU — KLICOVA ROLE ARP2/3

-3 )
AN AR LY R
k. o 4
net filament 2,8, & "‘3’-9 TP o
assemblyat | © &7 17 T
. : 3
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capping P
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e
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€
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diffusion
* )ofactin ”
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*
— L)
cofilin . .
;:'i P net filament
disassembly behind
¢ ﬁ leading edge

Figure 16-80 Molecular Biology of the Cell 6e (© Garland Science 2015)
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POHYB BUNKY PO SUBSTRATU — KLICOVA ROLE INTEGRINU
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POHYB BUNKY PO SUBSTRATU — KLICOVA ROLE INTEGRINU

(A)
actin
r-*e'}.%awi'«..'a’ao-“'?f.'& )
myosin -u‘i&*’.&’b‘i&‘-&’!b'i's‘t"c’s’"i'?b:ﬁ’}

integrins «-ﬂ H

(B) DISENGAGED

extracellular matrix

I IN 0TI
retrograde "'l,_,,_ _'L,. "
ﬂc?w - AL A LT IR LA LA LA U

(©) ENGAGED

= o rotrusion
B i ) p

traction

Fiqure 16-82 Molecular Biology of the Cell 6e (© Garland Science 2015) Bi7005 Bunécné regulace / 10



Amoeboidni migrace
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KONZERVOVANOST AMEBOIDNI MIGRACE NAPRIC HISTORI| EUKARYOT

+ Améboidni migrace — nazev napovida, Ze je pojmenovdana po zpusobu pohybu jednobunécénych améb

* Podobnost pohybu leukocytl a améb neni ndhodnd, jde o evoluéné konzervovany mechanismus,
fizeny témer totoznymi proteiny.

* | u takovych jednobunécnych organismi, u nichz se donedavna schopnost améboidné migrovat
nepredpokladala, se ¢asto da indukovat.

Bi7005 Bunécné regulace / 10



INDUKCE AMEBOIDNIHO FENOTYPU U TRUBENKY (CHOANOFLAGELLATA)

* Mechanickym stlacenim Ize u trubénky vyvolat reverzibilni améboidni transformaci. Po ni mlze trubénka

uniknout ze stlaceného prostoru.
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PROC JE U AMEBOIDNICH BUNEK MTOC VZADU?

* Améboidni migrace je evoluéné uréena pro prostorové Amosboid migration

omezena prostredi. Path of least

resistance

* Leukocyty pouzivaji své plastické jadro jako mechanicky
sensor toho, jestli se danym prostorem protahnou. Jadro

je tedy vpredu buniiky, aby s nim mohlo byt

manipulovano.
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BLEBBING

« https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC9337749/

Mesenchymal

Charakteristika blebbingu:

* Tvorba blebd/vyduti: Bunécny blebbing zahrnuje

Polymerization-driven Amoeboid

vytvareni vy¢énélkl nebo vyduti na bunééné membrané. =R FT s f N

« Odpojeni membrany od cytoskeletu: Bleby vznikaji diky slal el I ol<
lokalizovanému odlouceni bunééné membrany od Intermittent Blebs Amoeboid Stable Bleb Amoeboid
podkladového cytoskeletu. J L.

=F

* Zmény aktinového cytoskeletu/bunécného kortexu: 7 )
Zmény v aktinovém cytoskeletu, co? je sit proteinovych { \ "
vldken poskytujicich bunéce strukturalni podporu, jsou e e
casto spojeny s procesem blebbingu. \ . ’ o

rtractility

iinemen

Adhasion
e
1
]
Adhesion
e

* Dynamika a reverzibilita: Blebbing je dynamicky a N
reverzibilni proces, ktery m(iZe nastat v reakci na rizné olol '
pOdnéty’ jako jSOU meChaniCky, stres, Zmény == Plasma Membrane =sm Actin Cortex Myosin
osmotického tlaku nebo expozice urcitym latkam. o Actin Flament @ Nucleus Adhesion gitej
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Navigace bunécné migrace
alias urceni smeru
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INICIACE BUNECNE MIGRACE

* Migrace bunék je urcena 3 aspekty:

* Smérové vnimani (schopnost vnimat

smérované signalizace — pf. gradient Directional .
i SENsing Polarity
chemokinu)
* Bunécna polarita (schopnost

morfologické a funkéni polarizace:
leading edge vs. trailing edge)

, Motility
* Motilita (samotnd schopnost pohnout

se z mista
) A Devreotesc PN, et al. 2017.

#2498 Annu. Rev. Cell Dev. Biol, 33:103-25
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INICIACE BUNECNE MIGRACE

* Smérové vnimani - Directional
sensing
* Nejlépe prostudovan na hlence
(Dictyostelium discoideum)

+ Jednoducha kultivace, genové
manipulace.

* Robustni chemotaxe viuci cCAMP.

Bi7005 Bunécné regulace / 10



PREHLED SIGNALNICH DRAH RIDICICH INICIALN{ PROCESY V CHEMOTAXI DICTYOSTELIA

Folite FAR AR <<AMP

irrrrinniiissninnsninnies Adap(atbn --------------------- & G9 G'zln."" AdcB/C
Ric8
Stochastic Gipl == -~
noise Shearflow P S Electric feld
e ] £ - T by §
A\ v v \ v o
i NfaA ‘ PA2 | e
l GefR Nfi SodC AlEA |weeey :
GxcT  Gfib GbpD V1 Low | IpIA
GCAY[Poe0 ol RaG/D  [PLC e
PISK «e &
“w ‘mu e — -
4 m «p TorC2 C:"
i RacE l ......... .-PBKSIImN EImoE
, -
GbpC Phg2 "';3 PIP3 o PKBA<—{PDKs | dock RegA
l' v PKBR1
Myosin Il s MHCKA 1 ACAMP
? Y i han OEF
GSK-3 = DydA dA DEF  Se pisk paka, Scal
CYM PTEN Yesssnsse P — Tallna’ v L ACA
i i v v v
i i : i Rho small GTPases
¥ v v Y B k1 ‘
L_ Backptomoungevents.actomyo;lr; = |._' Front-promoting events, actin

r.‘:v vieotesc PN
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PREHLED SIGNALNICH DRAH RIDICICH INICIALN{ PROCESY V CHEMOTAXI DICTYOSTELIA

Folate _CAMP . . ,
< T F‘r o c:-:-’::.:..ma,c 1a. cAMP je zachyceno jednim ze
------------------------- p a nn CLLEEEE] EETEE Ty . , , . .o
Stochastic N cor=cvg G2 * < specifickych GPCR, nasleduje cela rada
howe S - downstreamovych mechanism, které
---------- é- --u---.u---hé-n--u---- é é g E' -“g Svou integraCI’ Vytva,FIl migraénll fenotyp
A/ 2 : o
Ga2 R viv (obdoba chemotaxe u leukocytl — zde
l GefR Nf1 SodC g AleA | SXO o | PLA2 E'.kz 7 ore s . s
e G i také specifické chemokinové GPCRs).
GCAI GxcT  Gfib GbpD l J_ il i l IplA }
At [ RasG/D IPLC 1 ““ic
sas sz ._-_"_ E H
G Y seel : 1 Sesenensde TOrC2 C:”
t RacE l Nessnnnen o PEKSII"EN EImoE
GbpC Pho2 KrsB i PIP3 ———>PKBA +—{PDKs i dock RegA
| | & : | ' l PKBR
Myosin Il p——t——— MHCKA
A ¥ Crac, Myosin l e o
H PhdA DEF s......
GSK-3 = DydA S e PISK, PaKA, Scal,
Rocasasd | E—— GefS, GefN, GXQ, ............ccccennnrsnnee ACA
CynA PTEN TalinB, GacG, etc. :
§ E E' . .............................. \E 6 ; 6
\j \J A\ A - - ‘

11

Front-promoting events, actin
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1b. Bunky vSak nemusi byt indukovany
Stochastic striktné jen specifickymi chemokiny.
Symetrii mohou porusit i fyzikalni
- faktory, v nékterych pripadech staci i
N ; v i sebemensi vzruch k polarizaci buriky
an AleA peresens PLA2 § Erk2 . . , v v
GefR Nfl SodC -, | (stochastic noise) — v takovém pfipadé
H i g 1 v o v
et I"LC‘ P RaC "'A se bunky pohybuji nahodné bez
1 pipy >r£rcz i potieby vnéjsiho smérovani (kineze vs.
! taxe
"’2""""‘“ : EImoE i )
i PIP3 ————> PKBA <—]PDKs §  dock RegA
PKBRI
l | CAMP
4 i Crac, Myosin
GSK-3 = DydA i "PIA DEF S ik PakA, Scat,
Seomaves } ———— GefS, GefN, GacQ, .........cceererrvenens ACA
: TalinB, GacG, etc.
R v v
—_— —_
Back-promoting events, actomyosin ._' Front-promoting events, actin
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PREHLED SIGNALNICH DRAH RIDICICH INICIALN{ PROCESY V CHEMOTAXI| DICTYOSTELIA

Folate _CAMP , . . ’ o
Il 2. Nasleduje aktivace druhych posla,
e Adaptation sesseseresssssnrans L (e (ol AdcB/C Imi d ol Sit4 i | Vvch GTPA
bl Go1==Ghg Ga 8 velmi dulezita je role malyc azz

IR Shear flow rodiny Ras. Rada z nich je polarizovana i

v leukocytech (napr. Rapl)

GxeT
GCA || PdeD
<GMP
l RacE
Myosin il p—i
A } : :
2 Mt PISK, PaKA, Scal, i
GefS, GefN, GacQ, _.i.......ceecerernens ACA
TalinB, GacG, etc.
Yy . v
A A Y \J LS o
Back-promoting events, actomyosin ._' Front-promoting events, actin
Y ot
R
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PREHLED SIGNALNICH DRAH RIDICICH INICIALN{ PROCESY V CHEMOTAXI| DICTYOSTELIA

Folate F?R cARs _cAMP

rerrrrennarennannansnnnne Adaptation ssessssssssssssni G4 G9 G‘;I:':“A(’CB\/C 3' Centraln,l r0|| v InICIaCI mlgracnl
Stochastic Gip12=Gbg Gal polarity ma PI3K signalizace. PI3K se
M — n v . . . o
- SHlow : i uplatfiuje v tzv. modelu lokalni excitace
i Gbg § ¥ — globalni inhibice.
v v \ i i |
Ga2 voiv
t PLA2 Erk2
GxcT  Gfib GbpD ID;A
m { M‘ ssssnes -g cé)
£ at
'l' Pt 'I’ ) EImoE :
GbpC Phg2 "?3 dock RegA
\/ -
Myosin Il p——s——x MHCKA i 1cAMP
A i Crac, Myosi
I, —— i Dol THCH (S PISK,PaKA, Scal,
: - ! cTR— GefS, GefN, GacQ, ............cccerenenenne ACA
C TalinB, GacG, etc.
; ot Toow v v
A \J ¥ Y - s ‘
- Backptomotlng events, Aﬁomyosln ,_' Front-promoting events, actin
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POLARITA FOSFOINOSITOLU U DICTYOSTELIUM

* PI3K signalizace

* Lokdlné aktivovana PI3K fosforyluje na bunééné membrané

fosfatidylinositoldifosfat (PIP2) na trifosfat (PIP3)
PH-Akt

* PIP3 se na vnitfni strané b. membrany akumuluje a umoziuje navazani PTEN
dalSich specifickych proteint do této ¢asti membrany = polarizace
Nékteré proteiny obsahuji domény, které specificky rozeznavaji urcity PIP.
Napf. plekstrin-homology (PH) domény aj.
* Aby PIP3 nepokryl cely povrch bunky, je potfeba tzv. globalni inhibitor.
Tim je fosfataza PTEN, ktera je bazalné pritomna v bunce a konvertuje
PIP3 zpét na PIP2.

* Kombinaci lokdlni aktivity PI3K a globalni inhibice PTEN vznika zarodek

bunécné polarity. + Latrunculin A

+ Deaktivaci PTEN vznika vice konkurencnich protruzi, coz zamezuje migraci.

+ U wvysSich ZivoCichl to funguje pricipialné podobné, avsak tvorba

membranovych domén podléha komplexnéjsi regulaci (napf. deaktivace

samotného PTEN nestaci k disrupci polarity).



NEZAVISLOST PIP POLARITY NA AKTINOVEM CYTOSKELETU

Lokalni stimulaci signalizace v bunkach osetrenych latrunculinem, lze pozorovat smeérovanou polarizaci
jednotlivych polarizacnich komponent, kterd je nezavisla na aktinovém kortexu (predchazi jeho funkéni

prestavbé).

00:00:00

Protein CRAC (vaze specificky PIP3 pomoci PH domény)

-2s 35s 6.0s 85s 11.0s 13.5s 16 s

a
e UV spot
\\& :

NANINLAL~

90090 -90090 -90090 -90090 -90090 -90 090
0 (degrees)

Protein CynA (vaze specificky PIP2)



PREHLED SIGNALNICH DRAH RIDICICH INICIALN{ PROCESY V CHEMOTAXI DICTYOSTELIA

Folate AR cARs <SAMP 4. Fosfatidylinositolova polarita
A A S TYTT A&B]c v v . . . &4 . 7 Vé
U mememmeemmern Adaptation susesssssmsssesses Gloial umoznuje lokalizaci dalSich signalnich
St h t e Ve ’
hoise  Shearfow P> 009 G Electric field molekul na membranu pomoci
— o - - Aevsny ey specifickych domén. Napr. PKB (Akt),
. v v v v GEFU a GAPUQ.
Ga2 NfaA
| GefR Nf SodC | A'j:‘“ F=—
GxcT  Gfib GbpD § o §
GCA" ol RasG/D "’"c PISKewry
m & m‘ T wz = g
| RacE | o PEK;"PTEN :
GbpC "Tz KesB i pIP3
Myosin Il f—i—— MHCKA

SE SRS i - A PISK PaKA, Scal,
: H " mm-m
TalinB, GacgG, etc.

GTPaz z rodiny Rho: RhoA, Racl a

Cdc42 — klicovych regulatord veskerych
polaritnich a migracnich procesd.

Front-promoting events, actin
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STEJNE SIGNALIZACE/RUZNE PROTRUZE

* Pokud jsou témér totozné signalizace zapojené v
a 3D view

migraci bunék napri¢ eukaryoty, jak je moiné, Ze
vidime takovou diverzitu v morfologii a dynamice A

bunécnych protruzi?

b Top view

* Je to pravée komplexitou zpétnych vazeb mezi m /\ /_\ m
signalnimi drahami a cytoskeletem. Signalni drahy

jako PI3K a aktinovy cytoskelet predstavuji tzv.  crontiew

i

excitabilni sité.

+ Signal se bunkou Sifi jako vina, rGizné receptory vsak
nemusi vytvorit stejné silny impulz. Stejné tak nemusi
byt pocatecni nastaveni bunky stejné permisivni (vina

rychleji zanika). Profil viny mGze byt rovnéz rlzny.
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Migrace imunitnich bunék
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JAK BUNKA URCI SMER?

= ey

time 0 min
Figure 16-3 Molecular Biology of the Cell 6e (€ Garland Science 2015)
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neutrophil

’

Rho dominates,
actin-myosin
contraction

back

Figure 16-86b Molecular Biology of the Cell 6e (© Garland Science 2015)
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MODEL: LYMFOIDNI BUNKY

* T-lymfocyty, B-lymfocyty a NK bunky (plus jejich prekurzory)
* Co maji lymfoidni buriky spolecného?
* Migracni fenotyp

+ Schopnost vytvaret specifickou interakci (synapsi) s cilovou burikou, zahrnujici
endo/exocytdzu cilovych molekul.
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MIGRACNI FENOTYP LYMFOIDNICH BUNEK

 Leading edge
* Chemokinové receptory

* Podjednotky integrinu LFA1
* Bunécné jadro zabira vétsSinu cytoplazmy bunky a je stejné jako u DC pouzivano k
mechanickému prohledavani cesty.
* Uropod (trailing edge)

* IgCAMs — ICAM1, VCAM-1 : . , , .
propojeno s aktinovym cytoskeletem pomoci ERM proteinu

« CD44, CD43

* Centrosom je orientovan dozadu, spolu s nim i Golgiho aparat a endocytarni
aktivita
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a b Phase contrast RICM Merge

UROPOD .

« 5um

* Striktné jediné u leukocyt(

* CD44 and ERM proteiny jsou markery

* ICAM1-3 lokalizované molekuly

* Microvilli, mezibunécné kontakty

control

- Neadherentni, NEJEDNA se o oblast integrinové de-adheze

* Neznamé funkini mechanismy — migrace?, signalizace?,
endo/exocytdza?, funkce souvisejici s cilii?

* Vysoky obsah RhoA, ale zadna aktomyozinova vlakna
(endocytéza?)

F_’_rominin-1

https://www.nature.com/articles/ncomms6213

CD82

https://onlinelibrary.wiley.com/doi/full/10.1111/tra.12618




IMUNOLOGICKA SYNAPSE A REPOLARIZACE LYMFOIDNICH BUNEK

* Imunologicka synapse, také nazyvana imunosynapse, je specialni druh kontaktniho mista,
které vznika béhem imunitni reakce, zejména pfi interakci mezi T-lymfocyty (T-buriky) a

antigen-prezentujicimi burikami (APC), jako jsou dendritické bunky nebo makrofagy.

+ Tato struktura je klicovym prvkem komunikace mezi riznymi burikami imunitniho systému a

je dulezitd pro ucinnou imunitni odpovéd.
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IMUNOLOGICKA SYNAPSE A REPOLARIZACE LYMFOIDNICH BUNEK

* PI3K, tvorba kontraktilniho aktinového prstence
* Repolarizace endocytického aparatu

* Fokusace MTOC do mista extrakce antigenu nebo sekrece
killer molekul

- Casova osa polarizace B-lymfocyt( (Ana-Marie Lennon, 2022)

+ Ca?* signalizace fidi repolarizaci a adhezi bunék

- Stépeni L-selektinu - zastaveni rolovani a integrinova adheze
(Rap)

Molekuly SMACs (cSMAC, pSMAC, dSMAC) — a srovnani jejich
pozice s uropodem?
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