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Cell adhesion

How separated tissues are generated from cell
populations?

 How organs are generated in particular positions and
how migrating cells reach their destinations?

» What separates mezoderm from ectoderm, so skin has
dermis and epidermis?

 How some cells — e.g. precursors of pigmented and
germ cells are migrating, so they can reach the final
destinations?

: A “Maﬂ&kinekn” Was complet‘ed e

Can we apply this thermodynamic model for cells in an embryo? 3




Cell adhesion

Evolutionary associated with multicellular organisms.

Spatio-temporal regulation of cell adhesion is critical for the proper embryonic
development (Epidermolysis bullosa)

Adhesion molecules are not only proteins that stick cells together, but they also
execute some function(s) — cell signaling. They contain extracellular, membrane a
intracellular domain — they are capable of signaling (a cell ,knows" about neighboring
cells and interactions with ECM)

Apical membrana

Adherens junctions




Cell adhesion in communication

* V embryo the cells are communicating for a short range:
» Direct contact (juxtacrinne signaling)
« Secretion into ECM (paracrine signaling)

{A) Nuxtacrine signaling {B) Paracrine signaling

* Proteins that are secreted by a cell (or on a cell

Cell
@ P e f ) surface) and mediates communication are the
Nuddeus—__/ @ © signaling molecules (ligands)
L 3 o @ wﬁ » Proteins built in membrane that bind the ligands
j " I oe) ® o O (imobilized or free) are receptors.
Homophilic C3 Heterophilic o @ @ R « Homophilic vs. Heterophilic binding
i ;3 Zh'"d"’g A ) (@juxtacrine signaling)
L'; Signaling D . T
C] \\ 5?3:51'3:] « A conformation change happens after binding
N leading to change of properties of intracellular
\ ' j%,fampmr domain of the receptor.
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« Important for cell-to-cell communication



Cell adhesion — expressions we will need

Heterotypic Homophilic Trans
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Molecules mediating cell-cell adhesion

Cell-Cell Adhesion

Cadherin

l Glycoprotein

CADYCAD
QPN d

Cytosol Cytosol

Y/

Integrin
Lineage ©

+Nectin
+Efrin



Cadherins




Cell adhesions - Cadherins

Cadherins

Phosphorylation sites
« calcium-dependent adhesion molecules Actin
* Crucial for cell-cell adhesions Adhesive recognition ;
* Intracellular - They bind to cytoskeleton (Catenins) {E@?ﬁ%@@%s
« Complex of Cadherins and Catenins represents st

adhesion connections (adherens junctions) — typical | P cl

membrane
for epithelium.
« Catenins may act as signaling molecules into the do *'5'7
nucleus (canonical Wnt signaling) ﬁf
« Cadherin blocking (antibodies, RNAI) leads to
disintegration of epithelium.

Canonical Wnt pathwa

p-cat 5
x TCFI
(— Wnttarget genes




Cell adhesion — Cadherins - Function

Adherens Junctions
(Zonula adherens)

Plasma membrane

Extracellular domain of Cadherins is for cell

adhesion
Cadherins bind to cytoskeletal actin -> Catenin A
contributing to cytoskelet -> providing mechanical Vinculins A

force for forming of tissues
Are capable of signaling into the nucleus ->
leading to change of gene expression

Actin
filaments






Cell adhesion — Cadherins - Types

Surface ectoderm cells
fuse into one layer

'''''

Snail 2
expression along

ﬁ . ;-.lm

E-Cadherin s
* Expressed in epithelium Link to the previous lecture: sﬁ
N-Cadherin &

» Expressed during the development of nervous system.
* Neural Cadherin

Migratory

R-Cadherin

« Expressed in the retina — e p—

. Retinal Cadherin Actomyosin ECSCN Rect | Lamelpodifiopad
P-Cadherin

« Expressed in placenta
» Placental Cadherin

Protocadheriny
» Lack binding to cytoskelet. 12



Cell adhesion — E-Cadherin

E-Cadherin (E-cadherin, Cadherin-1(CDH1), L-CAM, ARC-1, uvomorulin)

« Expressed on all mamalian embryonic cells, later only in epithel

- Evolutionary conserved

« Essential glycoprotein in development, cell differentiation and in tissue homeostasis
mantenance.

* Important for establishment and maintenance of epithelial polarity,

« Mediates homophilic cell-cell interactions. ——

Link to the previous lecture:

(A) Signals from Cell adhesions broken; Cell released from
Apical E-cadherin -hun -L atenins paracrine factors basement membrane dissolved basement membrane
L%
/ -
F{:.],m“ ST || I-vt l ,._. 1T} _._ TSI "-'l '_-' } 1T .j__

complex— —[ﬂfﬁ {li}

Adherens
junction

u%uau%u
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[ ] Epithelial cells [[] Mesenchymal cells
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Cell adhesion — E-Cadherin

' E-cadherin

@ ca*
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longer
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Zona occludens
protein 1

14




Cell adhesion — E-Cadherin

» Mice knock-outs for CDH1: lethal before implantation, morula is dissociating — no
adhesion. Embryo does not form epithel. e.g. trophectoderm

» Therefore in order to study the role of CDH1, you have to use tissue-specific KO (i.e.
CRE recombinase)

* RIP-Cre - Rat insulin promoter -> Cre

recombinase is expressed only in BR1P-Crel X ) cdn1 ) >
— 1 —
pancreas. POpYEP -

Cdh1 KO

E-cadherin YFP E-cadherin 15

Mandelbaum et al., 2012




Cell adhesion — E-Cadherin

» Tissue-specific KO of E-cadherin in intestine.

A

Cdh1"=F* Cdlyh=riexF




Cell adhesion — N-Cadherin

N-Cadherin, Cadherin-2 (CDH2) or neural cadherin (NCAD)
* In cardiac muscle, N-cadherin is an integral component in the adhesive junctions
located at intercalation discs that function to mechanically and electrically connect

adjacent cardiomyocytes.

Smooth muscle cells

pl20{ctn)
shorter

isoform « P-catenin

a-catenin vinculin

15 whksd.u.

Burke-Kleinman

:,Ié.s,m"t;n ;



Cell adhesion — N-Cadherin

» Mice KO: lethal at E10, abnormal shape of somites, heart abnormalities

Staining of wild type for N-Cad

Radice et al., 1997 18



N-Cadherin vs E-Cadherin

' IN-cadherin
| Extracellular — E-cadherin
domain

&
Plasma membrane ] -
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p120ictn) = " T p120{ctn)
shorter ) longer
isoform * B-catenin Zona occludens isoform

protein 1

a-catenin vinculin
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Cell adhesions — Cadherins - Signalling

« They mediate not only physical contact
between cells, but also signaling to the
nucleus. E.g. through catenins -
crosstalk with Wnt signaling.

Adherens —— Intercellular space

Junction
E-cadherin /

Dearadation Extracellular domain “l:'l ,
Nucleus Cyelin D1 7 ey iy i) 1A i ”| 1Y
" Cul PP .-'I1| I1.|| -|!.|“|
Ll TR A
| | ML |
E-cadheﬂ’p],“ L

263 Proteasome

E-cadherin
Intracellular domain '-—'__'

Actin Cytoskeleton

Cadherin

20
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Cell adhesion — Cadherins - Signaling
cadherins
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Cell adhesion — selective cell affinity

Presumptive
epidermal cells

Spontaneous ..',;' . sTRLAE
S, R, reussrention 8 iasaagste)
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Outside
Meural cells
Epidermal cells Bz,
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Neural plate
cells

Cross section

Epidermal cells from pigmented embryos and neural plate
cells from non-pigmented embryos were dissociated and
mixed together. The cells reaggregated so that the

epidermis covered the nerve tissue.
Townes and Holtfreter, 1955 23




Cell adhesion

differential adhesion hypothesis

,<According to this hypothesis, the early embryo can be
viewed as existing in an equilibrium state until some
change in the adhesive properties of the cell’s plasma
membrane changes. The movements that result seek
to restore the cells to a new equilibrium configuration.”

The boundary between tissues is thus formed by
different types of cells, which have different adhesive
molecules in different amounts on their surface

(B
Tissue

Limb bud
(green)

Heart

(yellow)

Liver

(blue)

i

Surface tension Equilibrium
(dyne/cm) configuration

20.1

12.6

8.5

4.6
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Cell adhesion

B (o D E
® ® Epidermis " ® Neural plate
+ +
Epidermis Mesoderm mesoderm Neural plate axial mesoderm 1 TaYl
4 % . . 3 Selective affinity
mesoderm endoderm endoderm epidermis epidermis ° The inner Surface Of the

ectoderm has a positive
affinity for the mesoderm
and a negative affinity for
the endoderm. Mesoderm
has a positive affinity for
both endo- and ectoderm.

,Somehow, the cells are able to sort out
Newrat INtO their proper embryonic positions.
plate Townes and Holtfreter, 1955

» Selective affinity changes
during development.

Neural * Cells must interact
Bt differently with other
S _ st cells/tissues at specific
times and changing
conditions.

* Crucial for morphogenesis.

Epidermis T ke

25




Cell adhesion — Cadherins

Cell adhesion is determined by the amount of Cadherin on the cell membrane.

[B)

Green cells have 2.4 times more Green cells sort to center
M-cadherin than red cells with red cells at periphery

Even when cells express different Cadherins

(A)
t;_ —

' 5k

(C) P-cadherin = E-cadherin P-cadherin = E-cadherin P-cadherin = E-cadherin

./ o N-cadherin

Aggregate surlace tension (erg/cm-)
T

1 e o P-cadherin
) /' » E-cadherin
[:. 1 1 1 1 ]
1] 50 100 150 200 250

Surface cadherins per cell (thousands)
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Cadherins in L/R asymetry

\ Vs [

Samuel-L-Jackson Samuel-D-Jackson

=21

r 4 \
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\ Target genes ,'
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§ N-Cadherin molecules “ Sequestered B-catenin . Free B-catenin

@ Phosphorylated B-catenin . .’ Degraded B-catenin 28




Cadherins in L/R asymetry

e (e no'de » High expression of N-Cadherin in the right half leads to the

. e sequestration of B-catenin, which would otherwise be accessible for
'5 BJH jj . . . . g s . .
g ). Whnt signaling, thus Wnt is inhibited in the right half.
O nh ) “caonte
= | e

CSHR\PJJQZ “ Pitx2

No treatment NCad antibody
RIGHT LEFT b

Proteolysis
I\ .l,
ey
| g"’ '
\ Target genes ,' \\ Target genes ,'

e ) \ a7
3

Anti-N-cadherin

N-Cadherin molecules “ Sequestered B-catenin . Free B-catenin

- Phosphorylated B-catenin s o Degraded B-catenin




Cadherins in EMT and gastrulation: link to the previous lecture

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition

- Mesenchymal
cells
Syndecan ‘ FTS binding protein FAP  Snail
MUCH1 — Slug
ZO-1  Desmoplakin ETS
Vimernin

Epithelial
cells

Laminin-1 a1 (IV) collagen Progressive loss of epithelial markers SIP1
Entactin miR200 family and gain of mesenchymal markers Fibronectin o-SMA
B-catenin Twist
OB-cadherin Goosecoid
a5p1 integrin LEF-1
Syndecan-1 FOXC2
miR10b miR21

30




Cadherins and asymmetric division: link to the first lecture

Drosophila ovarian stem cell niche

Egg chamber

Germ stem

(B) Germ cell Stem cell niche Egg chamber
@3 m} differentiation —_— . A
=3 O Q ermstem—_| 7 _ Cystoblast
- o ~ o c cGell (GStC) ﬁ Cm\bl t
) S aiiAG, . @,
¢ Cap cells Z\—\;Q@ Q C
@@ @
K f&ii'fiﬁf“.' /;( e x\x\‘ Cystoblast
Junction- '.* f‘_""' L '\ ‘*%f_
Symetrical cell divisi Asymetrical cell divisi 6] e ()
ymetrical ce IVISION symetrical ce IVISION o3 mvpsig (S0
O ),i transduction ©_ OFF /
. A\ o 5 P
Cytoplasmatic determinants distributed Cytoplasmatic determinants distributed ,+j_'- 2 Signal # bam N\
evenly to both daughter cells, unevenly, generating two different cells . “{E%/’Q&‘K 3 | '\l\ 05}'
generating the same cells Q . Tf}@" NS
e gloffeqrr:}tiaﬂun



Cadherins and asymmetric division: link to the first lecture

a Asymmetric Division Symmetric Division

HUB Mutations in HUB
tumor suppressors
—_— >
Apical
GSsC
Basal Gonialblast I
GSsC GSC

M DE-cadherin, Arm
Il Apc2

MOCK T15%
Wild fype E-cad {(+DOX) -1:
T151 E-cad-HA [-DOX) X
Cryioacic
domain i

E-cad wubulin DA

;; « A truncated variant of E-cadherin
' 57 led to the induction of asymmetric

division

]

+000 — DX

E-cad p-ubulin CMA

32

Gloerich et al., 2016



Cadherins sumup:

» Ca-dependent binding

» They bind to actin - binding to the cytoskeleton
» Signaling via catenins (canonical Wnt signaling)
» N-and E-cadherin link to EMT and MET

» KO of N- and E-Cadherin

33



Nectins

34




Nectins

» Protein family (4 members - nectin-1 to 4)

» The genes for nectins are PVRL1-4 (Poliovirus receptor-like), it also
binds alphahepesviruses

» lg-like proteins, Ca2+ independent adhesion
» They mediate homo but mainly heterophilic intercellular trans interactions

| Afadin | B
, Par-3 J
L PICK1 J

Mmtin-1\%‘v}‘m‘

Cis-dimerization Cis-clustering

Ellndlng ) |
s f - A - BABR- ¢
5-5 4 @ ¢

Emdmg

Trans-interaction

39



Nectins

» Cadherins favor homophilic interactions

» Nectins favor heterophilic trans interactions -> causes mosaic, we often
find them where mosaic of cells is needed (e.g. auditory system -
combination of supporting cells and hair cells)

» They can participate in adhesion with Cadherins or independently

Cell expressing Cell expressing
E-cadherin N-cadherin

Cell expressing Cell expressing
nectin-1 nectin-3

OO 36



Nectins

—

"

‘_'..l-l"

» Nectins are where a heterotypic connection, or mosaic, is needed
» For example, in nerve synapses

~
-

Key
=  Afadin

=5 Mectin-1
- Mectin-2

A
Dendrites
= Nectin-3

=il MNectin4
== Catenins
= N-Cadherin

CA3 pyramidalcells/ @ \/ @ '/ O I
|| | ” P-Cadherin
Axons ¢ Connexin

¥ F-actin

) Nucleus

37




Nectins in eye development

» Nectins are where a heterotypic connection, or mosaic, is needed

» For example, in contact between epithelia in the eye

Nectin-1 mice KO - mikroophthalmy

Pigment epithelia

Pigment
epithelia

Nectin1 -/-

Inagaki et al., 2005

Key
+ Afadin
i Mectin-1
—gn Nectin-2
= Nectin-3
=1 Nectin-4
== Catenins

=== N-Cadherin

E P-Cadherin

¢ Connexin
r F-actin
@) Nucleus




Nectins

* In tooth

QOuter enamel
epithelium

Strellate
reticulum

Inner enamel
epithelium

. Ameroblast

39




Nectins in development

» Ectodermal dysplasia cleft palate mutations in the PVRL1 (nectin-1) gene
» |t results in a truncated version of the protein that lacks the intracellular and
transmembrane domains




Nectins Iin development

Cleft lip and palate

 The disease is autosomal recessive, parents are
mostly heterozygotes

* High incidence on Margarita Island.. WHY?

» Resistance of heterozygotes to alpha
herpesviruses (chicken pox) -> evolutionary
advantage?

% Va nectin-4
()
N

b= trans-Dimer

41




Nectins in development

* Because nectin-1 and nectin-4 often form a heterophilic bond, mutations in nectin-4
often phenocopy mutations in nectin-1

b \ nectin-4

Mutations in nectin-4 v

= trans-Dimer

42




Nectins in the development of the auditory system

The auditory system is made up of a "mosaic" of cells - several different cell types

Nectin-1/MyoVlla Nectin-2/MyoVIlla Nectin-3/MyoVlla

B C
Cochlea Reissner’s membrane /N /N
o Kinocilium _— Supporting cell
Scala vestibuli Stereociliary —/\ PR 9
Scala media bundles Outer hair cell

Nectin-3
I?:‘-“\‘. c I /,'\ /'\ Outer pillar cell

H ! Nectin-1

. _‘.‘ N . r

z QA Inner pillar cell

IHCS \ OHCs i .
——ip

| /.\ /.\ /.\ Inner hair cell
Scala tympani | Supporting cell
Inner hair cell Quter hair cell

Inner pillar cell  Outer pillar cell

EGFP/mCher Nectin-1/Nectin-1

w

Cell suspensions that express
various nectins

Togashi et al., 2011



Nectins in the development of the auditory system

Deficiency of nectins leads to disruption of the mosaic

B ) - ) D )
Nectin-1 K Nectin-2 KO Nectin-3 KO

Togashi et al., 2011



Nectins and signaling

* Nectins work together with cadherins. Nectins initiate

Mectin-based
cell-cell adhesion

S

cell-cell connections and subsequently recruit
cadherins - key to the formation of adherens
junctions

» By cooperating with Cadherins, they also regulate
canonical Wnt signaling

|Ext|3:e|lu lar miatrix

b

5
-y E=1
g S
= =
g g B-Catenin
[ 3 =]
=2 (v}
b=} b -
2 = a-Catenin|
A _cateni g

u

g

==

Afadin

PDGF

receptor

Cell survival
\ (antiapoptotic)
| Cell proliferation

.../

E%i

n Target genes depressed

Target genes activated H

PI:I:HFIS\EE
BA i
WE)

Apical surface

]/\

Ptdlnsd
Talin
Integnn
vl
[imactie]

|F135'na membirane

Reorganization of the
actin cytoskeleton

--
NN

Fhusphur;.-{atlun

Mectin-mediated inactivation
of integrin avii3 after the
establishment of Al




Nectins sumup

» Ig-like proteins, Ca2+-independent binding
» Important for heterophilic trans interaction between cells
« Often essential for mosaic




Selectins
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Selectins

——

"

—_

» Membrane glycoproteins

» They recognize carbohydrate molecules on the surface of a neighboring cell - so it is not
an interaction of two identical types of molecules, as in the case of cadherins or nectins.

» Binding is dependent on the presence of Ca2+
» They are used in the binding of immune cells to the endothelium

Glycoprotein

_.-""..-__-‘"“--

tissue R 48




Selectins during embryo implantation

% They play a role not only in "leukocyte rolling/homing", but also during embryo
implantation.

» The mechanism of implantation involves a transient interaction between the blastocyst
and the uterine surface epithelium before trophoblast epithelial cells penetrate the uterine

wall. Uterine cavity

Saas §tage1

Endometrial Blastocele

Blastocyst

DR
&k

Uterine
gland

otrophoblast
Trophoblast
Syncytiotrophoblast:

Endometrium 49




Selectins during embryo implantation

Embryo implantation initiation

» L-selectin is expressed on the
trophoblast surface

* Its ligands are expressed on the
surface of the endometrium

» A mechanism for infertility?




Selectins during embryo implantation

After implantation, the trophoblast
grows into the endometrium

* Interaction with the endothelium is

| ensured through P- and E-selectin




Selectins and signalling

Cytoplasmic domain interacts with Calmodulin - Ca2+ dependent signaling and with actin

(a) (b)
L-selectin (CD62L)

C type lectin
domain  —3

EGF-like
domain

Short
consensus <
repeats
Proteolytic —=
cleavage site ss’s’s’

Calmodulin

52




Selectins Sumup

» Ca-dependent binding to polysaccharide
» Described in the binding of immune cells to the endothelium

» Important during embryo implantation - the interaction of the
trophectoderm with the endothelium of the mother

» They signal to the nucleus via calmodulin

53



Ephrins

54




Ephrins

Ephrins (Eph receptor-interacting proteins) are ligands of Eph receptors
(erythropoietin-producing human hepatocellular receptors).

« Both Eph receptors and ephrins are cell-oound membrane proteins.
» Cell-cell interaction is required for receptor activation

« Eph receptors: belong to tyrosine kinase receptors -> signaling

* They play a role in development, guidance axons, tissue formation,

Forward Inhibits cell Promotes cell Promotes cell

mlgratlon Ce”S and bOdy signalling migration migration migration

segmentation.
B D
B
® 9 s 43
A Exosome H GFR
containing EphA2 EphB EphA2
@ EphB2 AN AAAA Gmww{::}
factor

EphrinAl EphrinB

C

EphrinB
_f__—f_——‘—_- S
e x

35
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Ephrins - signaling

» In mammals: 16 types of receptors (2 groups EphA
EphB), 14 ligands (again in two groups EphA/B).
» Interesting fact: two-way signaling - classically, the

receptor can signal ("forward signaling"), but also
the ligand ("reverse signaling").

PDZ-binding motif

GPI anchor 2 Cytoplasmic tail

Plasma

membranel Transmembrane region

——

Juxtamembrane region

Kinase domain

B\ —}— SAM domain
' PDZ-binding motif
Eph receptor

Nature Reviews | Molecular Cell Biology
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Ephrins and segmentation

y y % It is the basic process of embryogenesis occurring in most invertebrates and all
vertebrates, by which the body is initially divided into functional units.

% What is the segmentation for?

» The segmented areas of the embryo represent boundaries for different biochemical and
morphological processes - drastically different cell behavior - vital for future differentiation
and function of the organ/organism. QR

» Link to the EMT and MET lecture:

(A) (B)
Mesp-a eph-A4, ephrin-B2

57




Ephrins and segmentation De”ans etal., 2015
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Ephrins and segmentation

ephrin-B2 overexpression
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Billions of neurons need to communicate with each other through synapses.
Neuron connections are formed not only during embryonic development, but also after birth.

An incorrect connection or number of neurons leads to serious problems in the development of the nervous
system.

How can billions of cells communicate properly with each other?

How does each cell know where and which cell to connect t0?

-



Ephrins and axon guidance







Ephrins and axon guidance

* Neuronal connections are mediated by molecular guides
that guide axons (axon guidance). Eph/ephrin signaling
regulates the migration of axons to their target
destinations largely by inhibiting the growth of axonal

growth cones and repelling the migrating axon away from &~
the site of Eph/ephrin activation. -

« This mechanism depends on the relative levels of Eph
and ephrin expression and allows gradients of Eph and
ephrin expression in target cells to direct the migration of
axonal growth cones based on their own relative levels of
Eph and ephrin expression.

« E.g. "forward signaling" by EphA and EphB receptors
mediates growth tip collapse, while "reverse signaling"
via ephrin-A and ephrin-B induces growth tip survival.

TubbZb

N |l arc




Ephrins and axon guidance

How can it be studied? E.g. micropatterning.




Ephrins and axon guidance: example Chiasma opticum

Individual neurons of the retina (about millions of retinal ganglion cells) send their axons to the

areas of the brain where visual perception is processed (optic tectum).
The crossing point of the optic nerves is defined by the repulsion between individual Ephrins

and their receptors (+semaphorins).
Eph receptors are on growing axons, ligands on surrounding cells.

(A) Ephrin B2

Lens gﬂ.]r]lglicnn I'.I
. I|I . Chondroitin sulfate
i Retina | I\ [ bcc, Roboz
\ Eph = [ zi-2. Eph B1
— :_jli;_,-f . Netrin
=T Semaphorins
Netrin Optic nerve Ephrin B2
(NCAM/LI v slit1/2 (Slit2/3 in fish)
fasciculated)

65



Ephrins and axon guidance: example Chiasma opticum

Demonstration of optic nerve crossing using colors implanted into the retina How is an intact image created?

[A) (B) Candal

{posterior)

L Medial " /\/

/C ™
|

~. ) .
Tecta '\//
k M |
LY l,-"
'-._\' l.-"-

\ ) . I ' '
I.amralm___\__l i)

Rostral \\ : | ,«’/ &

. e e— R J K - \1\'@
{anterior) — T\-j Sl ﬂ‘h{p
Optic tract——7 %
FIGURE 15.38 Ratinotectal projections. (4) Confocal micrograph Optic chiasm——______ _\_
of amons entering the tecta of a 5-day zebrafish embryo. Fluorescant Optic nerve—_ / Temporal

dyas weare injectad into the eyes of zebrafish embryos mouwntad in {posterior)
agarcsa. The dyes diffused down the axons and into each tectum,
showing the retinal axons from the right eye going fo the left tectum
and vice versa. (B) Map of the normal refinotectal projection in adult
Xanopus. The right eye innervates the keft tectum, and the left aye
innervates the right tectum. The dorsal (D) portion of the retina inner-
vates tha lateral (L) regions of the tectum. The nasal (anterior] region of

v .
the refina projects to the caudal (C) region of the tectum. (A courtesy of M T““‘ll -
M. Wilson; B after Holt 2002, courtesy of C. Holt) o \amterior)

Eyes
(retinae)

Visual image

» When a group of cells in the retina is activated (eg, the posterior part of the retina), a similar group in the optic tectum (eg,
the caudal) is also activated.

» This demonstrates the connection of individual retinal cells to their corresponding cells in the tectum.

* But how exactly is it connected? 66



Ephrins and axon guidance: example Chiasma opticum

By the gradient of Eprins (in the tectum) and their receptors (on the guided axon)

(E) Gradient of ephrin

in tectal membranes
Temporal retina Masal retina

- | - - —
ﬁu.raru'ﬂn| Repulsion  Attraction Repulsion
Equilibrium Equilibrium
(target) (target) 67




Cell adhesion — Sperm and oocyte




Examples of cell-cell adhesion proteins found in spermatozoa and oocytes and evidence of their participation in fertilization-related events.

Cell adhesion — Sperm and oocyte

Adhesion Gamete Involvement in fertilization- References
molecules expression related events
Immunoglobulins®
Basigin Sand O Sperm-zona pellucida interaction  Ding et al. (2002), Saxena et al. (2002), Saxena and Toshimori (2004)
CDh4 Sand O Homologous fertilization Gobert et al. (1990), Mori et al. (1991), Guo et al. (1995)
ICAM-1, 0 Embryo development Kimber et al. (1994 ), Campbell et al. (1995)
NCAM,
VCAM-1
EWI-2 0 Sperm-oolemma interaction Glazar and Evans (2009)
Growth factor Sand O Sperm capacitation, acrosomal Yoshida et al. (1998), Einspanier et al. (2002), Prochazka et al. (2003), Cotiton et al. (2006), Breitbart
receptors exXocytosis and Etkovitz (2011)
Oocyte maturation
[zumo ) Sperm-oolemma fusion Inoue et al. (2005), Hayasaka et al. (2007), Kim et al. (2013)
JAM-A S Sperm motility Shao et al. (2008)
MHC class [I S Homologous fertilization Mori et al. (1990)
Selectins
L-selectin Sand O Sperm-zona pellucida interaction  Campbell et al. (1995), Lucas et al. (1995)
P-selectin ) Sperm-zona pellucida interaction  Fusi et al. (1996a), Geng et al. (1997)
Sperm-oolemma interaction
Integrins
Different wand S and O Sperm-oolemma interaction Tarone et al. (1993), Fusi et al. (1993, 1996b), Almeida et al. (1995), Campbell et al. (1995), Takahashi
f subunits Oocyte activation et al. (2000), Tatone and Carbone (2006), Barraud-Lange et al. (2007), Vjugina et al. (2009)
Cadherins
E-cadherin Sand O Sperm-oviduct interaction Campbell et al. (1995), Rufas et al. (2000), Ziv et al. (2002), Purohit et al. (2004), Marin-Briggiler et al.
Sperm-zona pellucida interaction (2008), Takezawa et al. (2011), Caballero et al. (2014)
Sperm-oolemma interaction
Homologous fertilization
N-cadherin Sand O Sperm-oolemma interaction Goodwin et al. (2000), Rufas et al. (2000), Ziv et al. (2002), Marin-Briggiler et al. (2010)
P-cadherin Sand O - Rufas et al. (2000), Ziv et al. (2002)
Others S - Johnson et al. (2004)

S=spermatozoa; O=oocyte.
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? This superfamily comprises more than 700 known proteins, examples of some members of this superfamily are provided.



Integrins
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Integrins

» They mostly have a function in the cell-ECM interaction - we will discuss
In the next lecture

» But also in cell-cell interaction

direct cell-cell
interaction

cell-cell
adhesion
through linker
molecules
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Cell adhesion - sumup

Juxtacrine signaling

 Principles of adhesion What are cadherins, binding
principle, basics of cadherin signaling

* The strength of adhesion depends on the amount of
canderins on the cell surface

 Differential adhesion hypothesis

« Other molecules that participate in intercellular contact
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