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Chapter 7

Interactions Between Cells and
Their Environment



7.1 | Overview of Extracellular Interactions
(1 of 2)

= Materials present outside the plasma membrane play an
important role in the life of a cell.

= Most cells in a multicellular plant or animal are organized into
.5)47-»9 . ‘\-?Lz-.u\
clearly defined tissues.

. 4=V ezl
= There are many diverse activities that are regulated by this. I “‘5}7 o
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7.1 | Overview of Extracellular Interactions
(2 of 2)

= Cells interact with their Dead |
extracellular environment

Specialized
cell-cell

eells contact

Epidermis Specialized
cell-substratum
contact

" The epide?fuhis has closely
packed cells of epithelial

Basement membrane

tissue <SS Eseebmand QT
Basement _ )
'&).&1\&;.}: . membrane Reticular fiber
= The dermis is a type of Cologn oo
connective tissue - o= Derris Cell surface

receptor
(integrin)

Fibroblast

= Fibroblasts of the dermis
‘have receptors that
«+>%"mediate interactions and
weostransmit message.

Elastic fiber

An overview of how cells are organized into tissues
and how they interact with one another and with
their extracellular environment.
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7.1 | The Extracellular Matrix (1 of 3)

Y—)%\\aox CooX
= Carbohydrate projections form part of the glycocalyx on the outer surface of the
plasma membrane. Membrave A tsis &
‘?\mqmcv«\fmg‘-ﬂ:

= Roles of the glycocalyx
« Mediator of cell—cell and cell-substratum interactions
* Mechanical protection
e Barrier to molecular movement

ey delse R . SN &N DY 5Ga
* Regulatory factor binding site ~— . ot sy

Ll
Basal s surface of EM: endothelial glycocalyx Molecular model of the
ectodermal ceII early chick
in a coronary caplllary glycocalyx
embryo Ay Olym

' // Glycocalyx

-
o Sy u:'
Vo \ Endothellal
 cell

glycocalyx BM

Source: from A. Martinez-Palomo, Iat. Rev. (ytol. 29:64, 1970. © 1970, with permission from Elsevier.
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7.1 | The Extracellular Matrix (2 of 3) s
Gosvier

= One of the best defined extracellular matrices (ECM) is the basement
membrane that surrounds muscles that nerves and fat cells.

= Underlies the epldermls of the skin, the digestive and resplratory tract
and the lining of blood vessels.

UVl U_,-A\ u_a"L\

Source: Reprinted from Stoitzner, P, Pfaller, K. Stossel, H. A Close-Up ~ Source: Reprinted from Stoitzner, P, Pfaller, K. Stossel, H. A

View of Migrating Langerhans Cells in the Skin. Journal of (lose-Up View of Migrating Langerhans Cells in the Skin. Journal of

Investigative Dermatology 118: 117125, 2002, with permission Investigative Dermatology 118: 117-125, 2002, with permission
Source Courtesy of Karen HoIbrook from Elsevier. from Elsevier.

Scanning electron micrographs of human skin
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7.1 | The Extracellular Matrix (3 of 3)

Libim ¢immlo WS\ L ECM

= The ECM may take diverse forms in different tissues and organisms5
= Most proteins inside cells are globular.

i 1 - = 53 (O3 B
= These proteins are secreted into the extracellular space..., 2 2= =
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Organized network of extracellular materials outside plasma membrane, provides support
and determines shape and activity of cell.
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7.1 | Components of the Extracellular Matrix

(1 Of 7) @zﬁm—s E\'\oa

Collagen

= Collagen molecule: triple helix of
three helical alpha chains
Copee :
= Collagens comprise a family of
fibrous glycoproteins present only in

the ECM.

= Collagen is the single most abundant
protein in the human body.

= Collagen is produced by fibroblasts,

smooth muscle and epithelial cells. Collagen | molecules become aligned in
staggered rows

= 28 fiber types, often mixed in ECM
EQH 3 2% dems o RAT b e 3o U Ui 31 csis
each tissue has a unique mixture s L= 5 A 2 e
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7.1 | Components of the Extracellular Matrix
(2 of 7)

Collagen

= Collagen provides the
insoluble framework that
determines many of the
mechanical properties of e S R
the matrix. ARy O L SR AL S

S0 % anen P 5% 0% ate B0 eet e

. . v : t‘;.":d':': :‘.':'.:' .“‘:‘:.";'o‘b:.'

= Tissue properties can often Paat o vet et tet, bt L0 BN L SIS
LRt 2% '|.... 4 Sa nee 'L d

be correlated with the 3D RARE St 2oz a2os 2o = 2 s2ss
organization of its collagen
(e.g., tendons, cornea).

Source: Reprinted from Nigel J. Fullwoéld, Structu

200 nm

Corneal stroma: layers of collagen fibrils of uniform
diameter and spacing arranged at right angles
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— How does collagen determine tissue properties?

v" 3D organization of collagen :

o In the cornea(4:_d)), collagen fibers are arranged perpendicularly,

which allows transparency

o In tendons(LtsYY), collagen is arranged in a way that provides high

strength and stability

=  Mutations in genes encoding type || collagen alter the properties of cartilage

tissue,causing dwarfism,skeletal deformities




7.1 | Components of the Extracellular Matrix
(3 Of 7) QG"OW\C\ %\L\Dﬁ\FGV\CC) ) Queoproren  Prorecqlytans + (GAGY QlycosarineglyCons

Proteoglycans — e Caros
" Proteoglycans — protein- Msiianinane
polysaccharide complex, with LE |

o G
. OH H H Gy
a core protein attached to

—_ : H  OH H  NHCOCH, .%W
glycosaminoglycans (GAGs). | ——= —— iy
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7.1 | Components of the Extracellular Matrix

owmd 11\\13“0\%& '?fo‘relwx wria EON

(4 Of 7) '—\ZﬁDc, ok SijCo‘?Fok,‘m - Bin d""’a + Twterockion

1) Fibronectin

= Fibronectin consists of a
linear array of 30 Fn
domains to give a modular
construction

" Fn-type domains are found

\ 8 el H,N |
in blood clotting factors i D@:@ﬂ::t

T~ CooH
and receptors. 0Ka  40KDa 200a  7skpa 3502 30KDa 5T
M 60kDa S
= Bind to numerous ECM £oR
components HN RGD
. Heparin- and Collagen- Fibrin- Cell- Heparin-  Fibrin-
= Bind to cell surface fibrin-binding binding binding  binding binding binding
domain domain domain domain site site

rece pto rs ROV » T-V\\‘egﬁv\ Protein
Human fibronectin molecule consists of two similar

polypeptides joined by disulfide bonds.
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7.1 | Components of the Extracellular Matrix
(5 of 7)

Fibronectin

Neural crest

= Fibronectin and other cells
extracellular proteins have
important roles during (o wiopwion
embryonic development.o = s

= Development is Ergitroid
characterized by waves of
cell migration.
Lo red 2 Ul ¢ O ¢3) UL Olyepr 20k) s

D Ldiw o8 5 dur glm O g> Szl

Primordial
germ cells
(PGC)

Source: A. A. Moscona & R. E. Hausman, Cell and Tissue Interactions, ). W. Lash & M. M. Burger (Eds.),

Raven Press, 1977 ISBN: 0890041806.

A summary of some of the cellular traffic
occurring during mammalian development
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7.1 | Components of the Extracellular Matrix
(7 of 7)

9y Laminin

= Family of at least 15 extracellular
glycoproteins.

= Laminin has three polypeptide
chains linked by disulfide bonds

s Do ¥ aCovolunk Rownd
= They can greatlyﬁiﬁr}ﬂg&eﬁ‘ce a cell’s
potential for migration, growth,
and differentiation.

= Role in development of neuronal
Outgrowth U1 skl Sdsas 4 cLasaaiy oleae¥ sl oulia 5o

a3 e oag dunaall LA e oty

Source: ©1997 Martin J. Garcia-Castro et al. Originally published in The Journal of Cell Biology

https://doi.org/10.1083/jch.138.2.471.

20 pm
" Strengthen basement membraneé Primordial germ cells (green) migrating

W =00 Qusih of 2ap) U Ll Asl s

along a tract of laminin (red) from the
dorsal mesentery to the developing gonad.
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7.1 | Dynamic Properties of the Extracellular
Matrix

= ECM can exhibit dynamic properties both in space and time
= Spatially, ECM fibrils can stretch several times their normal length
= Matrix metalloproteinases degrade ECM materials

= The physiological roles of MMPs are thought to be involved in
tissue remodeling, embryonic cell migration, wound healing, and
the formation of blood vessels

= Abnormal expression of MMPs linked to a variety of diseases

Examples:
v" Wound healing: ECM is broken down and rebuilt to repair tissue
v’ Angiogenesis (blood vessel formation): cells must degrade ECM to form new vessels

Copyright ©2020 John Wiley & Sons, Inc.



Dynamic Properties of the Extracellular Matrix

ECM degradation is accomplished by a family of zinc-containing
enzymes called matrix metalloproteinases (MMPs) secreted into
the extracellular space or anchored to the plasma membrane.

As a group, MMPs can digest nearly all of the diverse ECM
components, although individual family members are limited as
to the types of extracellular molecules they can attack.

The physiological roles of MMPs are thought to be involved in
tissue remodeling, embryonic cell migration, wound healing, and
the formation of blood vessels.

Inappropriate MMP activity has been implicated in arthritis, tooth
and gum disease, formation of blood clots and heart attack, and
tumor progression.

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.3 | Interactions of Cells with Extracellular
Materials (1 of 4)

Integrins

= Family of membrane proteins
unique to animals.

= Composed of two membrane- (@
spanning polypeptide chains, an a
chain and a B chain. — wi o Cowtas bond

= The bent conformation of integrin
oo corresponds to its inactive state,

=" Integrins with a bound ligand are
found in an upright conformation.

Source: Electron micrographs from Junichi Takagi et al., Cell 110:601, 2002; with permission from Elsevier.

(b)

® The transmembrane domains of EMs and ribbon drawings of the extracellular

the two subunits are in close domains of an integrin (o, ;) in the “bent”/inactive
proximity. and “upright”/active conformation. Changes driven
by divalent metal ions.

Copyright ©2020 John Wiley & Sons, Inc.



7.3 | Interactions of Cells with Extracellular
Materials (2 of 4)

Integrins

" |ntegrins have two major activities: adhesion of cells to their substratum
(or to other cells) and transmission of signals between the external
environment and the cell interior.

Outside-in signals can induce a conformational change in talin.

= Cytoplasmic protein kinases (e.g. FAK and Src) can be activated to
phosphorylate other proteins. Outside-in signals transmitted by integrins
can influence differentiation, motility, growth, and cell survival.

= Most malignant cells are capable of growing in liquid suspension.

= Normal cells can only grow and divide if they are cultured on a solid
substratum.

Copyright ©2020 John Wiley & Sons, Inc.



* Integrins nave a glopular extracellular head and legs extending
through the membrane.

* Each subunit crosses the membrane as a single helix and ends with a
short cytoplasmic domain.

T.V\\e_%r'm A \gewmd N Bvs ) sy
'Kn\-c%ﬁv\ A (3 C’_\ué‘ru"\va e 25

= X-ray structure revealed that integrin is bent at = wsi sui cs cinca o ser G 1o
the "knees" , not upright. g b B0 oS
* This bend positions the head close to the plasma
Imembrane surface.

» Most cells possess a variety of different integrins;

conversely, most integrins are present on a variety of
different cell types.



= Integrins have been implicated in two major types of activities:
1. Adhesion of cells to their substratum (or to other cells).
2. Transmission of signals between the external environment
and the cell interior.

Outside-In Signaling

1. Initiation (Binding)

Begins when the extracellular domain of an integrin binds to a ligand such
as:

fibronectin ,collagen

2. Conformational Change

This binding induces a conformational change at the cytoplasmic end of
the integrin, especially in the: B subunit

3. Intracellular Effects

The change at the cytoplasmic end leads to: altered interactions between
integrin and cytoplasmic proteins modification of their activity

4. Key Example (Talin & Actin)

Outside-in signals can:

induce a conformational change in talin initiate a cascade of events
leading to actin filament polymerization in the cytoskeleton

5. Activation of Kinases

Integrin binding to an extracellular ligand can activate:

protein kinases such as: FAK ,Src

These kinases: phosphorylate other proteins trigger a chain reaction

6. Signal Transmission to the Nucleus

In some cases:

the signaling cascade reaches the nucleus leading to activation of specific
genes

7. Effects of Outside-In Signaling on Cell Behavior

It influences:differentiation ,motility ,growth,survival

8. Example: Effect on Cell Survival

Normal Cells:

Require:

attachment to a solid substratum

If placed in suspension: they die

Malignant Cells:

Can: grow even when suspended in a liquid medium

Activation mechanism: — &
* In the inactive state, the two transmembrane subunits are close together and -
held by noncovalent interactions. '%w}x

* The protein talin causes separation of the subunits and activates integrin.
* This conformational change allows ligand binding.

* Increased activation is associated with clustering of integrins on the cell
surface _/
* This process is called inside-out signaling.
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11.6 | Anchoring Cells to Their Substratum

Since it is easier to study the cell
interactions with a culture dish than
with an ECM inside an animal, in
vitro experiments have been
instrumental in understanding cell- | g : S
matrix interactions. ' - —LLL

nd L. A. Culp, Exp.

nd L. A. Culp, Exp.
Cell Res. 107:141, 1977 with

Elsevier.

n from

om J. J. Rosen al

Cell Res. 107:141, 1977 with
from E

permission from Elsevier.

From J. J. Rosen al
permissior

41,1977 with

At first, the cell has a rounded
morphology, but once the cell makes
contact with the substratum, it sends ,
out projections that form increasingly | “
stable attachments.

and L. A. Culp,

Exp.Cell Res. 107:141, 1977 with
from E

permission fror Isevier.
J. Rosen and L. A. Culp,

From J. J. Rosen

[Steps in the process of cell spreading.}

Over tlmg, the cell flattens and 5020 S s e (et} 1 ] o 51 s S
spreads itself out on the substratum. ) " l5ie S i bl S5

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.3 | Interactions of Cells with Extracellular
Materials (3 of 4)

Focal Adhesions

= Cultured cells are
anchored to the surface
of the dish only at
scattered, discrete
sites, called focal
adhesions.

Cultured cell: actin
filaments (gray-green),
integrins (red); sites of
focal adhesions

= Focal adhesions play a
key role in cell

locomotion.
= Focal adhesions are
dynamic structures. Amphibian cell processed
for quick-freeze, deep-etch
analysis

.5 um

Copyright ©2020 John Wiley & Sons, Inc.



Focal Adhesions

integrin cytopliasmic domains HA
connected 1o Cyloskeietal acClin

maments througn stratifiea layers
o1 adaptor proteins (e.qg., talin, a-
aClurir ard viriGuiir

Pullﬁg of the ECM can lead to
activation of protein kinages, sucr}ﬁ
as FAK or Src, to dramatically alter

cell behavior. <. s Foncen L
(S0 Bos gz fc)

Plasma membrang
Integrin extracellular domain
ECM

Focal adhesions are sites where
cells adhere to their substratum and
send signals to the cell interior

U /
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7.3 | Interactions of Cells with Extracellular
Materials (4 of 4)

Hemidesmosomes

= Cell-matrix attachment in vivo is seen at the basal surface of epithelial cells,
anchored to the underlying basement membrane.

= Hemidesmosomes contain a dense cytoplasmic plague with keratin filaments.
= Keratin filaments are linked to the ECM by integrins.

Intermediate
filaments

Plaque containing
membrane protein plectin

Integrin
(ogBy)

Basement
membrane
&= Anchoring
filament

(Laminin-5)

= :-((' "
Extracellular 0y

‘ p\\vi
‘((.((’ l({\ " [ /((. «4(((‘(‘
V‘

(@Y

Collagen
fibers

(b) Type VII collagen fibrils

Hemidesmosomes: EM and schematic diagram.
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Hemidesmosomes

In the autoimmune disease bullous
pemphigoid, antibodies are made
towards proteins present in these
adhesive structures.

epidermal layer to lose attachment to
the underlying basement membrane
and result in severe skin blistering.

These auto-antibodies cause the
[Hemidesmosomes: EM}

and schematic diagram.

Intermediate
filaments

Plasma
Plaque containing

Epidermolysis bullosa results from g |

genetic alterations in hemidesmosomal b oy
proteins, including the a6 or 4 integrin =
subunit, collagen VII, or laminin-5. ey >‘; e

Basement
membrane

Collagen
fibers

Type VII Collagen fibrils

Copyright &
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7.4| Interactions of Cells with Other Cells
(1 of 2)

Mesoderm

= Organs have a complex architecture involving ~ SRR
. . %,ﬁ&—bg_t;_b_ra‘d—r bogn °L3% QAG
a variety of different cell types. o ane QBT

= Dependent on selective interactions between . .. ciwoves
cells of the same type, as well as between == ;:9
cells of different types.

= Experiments demonstrated that separated — XN

Aol e L= gla s\

. TS &\ :
cells would redistribute themselves so that c .- = wes ¢ 2 §
>N AP wR W el

each cell adhered only to cells of the same & 77 =" *

e odd) W) e
type (Gsnt Logesh Lo

Ectoderm and mesoderm from an
early amphibian embryo re-associate
after initial random dissociation

Source: P. L. Townes, J. Holtfreter, Journal of Experimental Zoology 128:53, 1955;.
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Interactions of Cells with Other Cells

Over time, cells would redistribute
themselves so that each cell adhered
only to cells of the same type.

Ay

Once segregated, cells would
differentiate into many of the
structures they would have formed
within an intact embryo.

Four distinct families of integral

membrane proteins play a major role

in mediating cell-cell adhesion: (1) 100m

selectins (2) certain members of the

immunoglobulin superfamily (IgSF),

(3) certain members of the ntconn
“family, and (4) cadnernns,

~Precartilage
cells

From Malcolm S. Steinberg, J. Exp. Zool. 173:411. © 1970. This
material is used by permission of John Wiley & Sons, Inc.

Light micrograph: mixed pre-cartilage
cells from a chick limb and chick heart
ventricle cells re-sort based on cell type

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.4| Interactions of Cells with Other Cells

(2 of 2)

Selectins (g coproiem

= Selectins are a family of
membrane glycoproteins that
bind to specific oligosaccharides.

= “Lectin,” is a term for a compound
that binds to specific
carbohydrate groups.

= Selectins have a small cytoplasmic
segment, a single membrane-
spanning domain, and a large
extracellular portion.

< e

N

2

N
o™

ao

L-selectin

E-selectin

Ligand

Fuc) sO A
. Gal
GlcNAc

remainder of
oligosaccharide

e \_ P-selectin

i

Lectin-like

i “domain

EGF-like
domain

[_—_]Structural
domain

~ N

s, EQM

—> C_ON'\OS

Schematic of the three selectins and

their CHO ligand
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Selectins

/\&\W\hw N CPone 2= F2SSia) tug )

“Lectin,” is a term for a compound that
binds to specific carbohydrate groups.

Selectins have a small cytoplasmic
segment, a single membrane-spanning
domain, and a large extracellular portion.

Three cell-specific selectin types:
E-selectin, endothelial cells;

P-selectin, platelets and endothelial cells; ) T
L-selectin, leukocytes (white blood cells).
Schematic of the three
selectins and their ligand

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.




Selectins

Binding of selectins to their
carbohydrate ligands requires calciun.

As a group, selectins mediate transient
interactions between circulating
leukocytes and vessel walls at sites of
inflammation and clotting.
YR ws /

s99>90 :1g (Six Ig domains) OBU diw .1
29 (N-terminal) (uig,udd =yl Wylall wie

6331 L3I 2o "ddlaoll" e dggumoll

Segments) (wiSwigpud| anic gbd .2
Jobdl puigdl Ghei ((resemble fibronectin

.dojMI digallg
Transmembrane) slisl) ple cj=> .3 :
Adsdl cline (8 gl Cud :(segment [ Schematic of the three J
_ Small cytoplasmic) sk wejilisisw Gl .4 selectins and their ligand

Dbl Jad 4l Yo 9920 :(domain ght © 201'RJohn Wiley & Sons, Inc. All rights reserved.



7.4 | Interactions of Cells with Other Cells
(1 Of 4) (V Onribody 4 Cell-ell adMesion

v

The Immunoglobulin Superfamily

= The human genome encodes 765

distinct Ig domains.
Fn il L1 protein IgSF
= These are members of the domais
immunoglobulin superfamily.
IgG
" Immune functions for most domains
integrin

Original function likely cell-
adhesion mediators (Ca?*
independent)

L1 protein

Source: Inset from E. Yvonne Jones et al., Nature 373:540, 1995; ©
1995, reprinted by permission from Macmillan Publishers Ltd.

= Developmental roles in neuronal
growth and circuitry

Cell—cell adhesion from homotypic
interactions of two L1 molecules through
lg domains at the N-termini.

Copyright ©2020 John Wiley & Sons, Inc.



The Immunoglobulin Superfamily

VCAM (vascular cell-adhesion 3,:';:;‘%? LY proteiy
molecule), NCAM (neural cell- |"
adhesion molecule), and L1
(also called L1CAM), mediate cvrare |
adhesion between nonimmune

cells.

NCAM and L1 have roles in
nervous system development.

Various types of proteins serve )
as ligands for IgSF cell surface

molecules, such as integrins.
EoM Souoddy ) Cell—cell adhesion from homotypic
TIF 5 L b oS interactions of two L1 molecules o

) 'uln\sgse_,\
through Ig domains at the N-termini.

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.4 | Interactions of Cells with Other Cells

(2 Of 4) CodWherng - wosk Wwiportonk Q- Ce\l adhesion  Protin \oesous

o CorrdoXion polfh  Aigordest . Ll e W GLW TLlo g o\ o
Jesiy eelpde

Cadherins

Glycoprotein famil
ycop Y Coamecins witn Cothnng )

= Cadherins typically join cells of =7 <=~

similar type to one another R
(Ca%* dependent).

= Possibly the single most .
important factor in moldlng
cells into cohesive tissues in the
embryo and holding them
together in the adult.

Cadherin

JF\AMwe—— J—N
= Cadherin loss associated with
malignancy -\t cas ahas S Schematic of two adhering cells due to
ST Sty &) interactions between cadherins projecting

from the plasma membrane of each cell

Copyright ©2020 John Wiley & Sons, Inc.



Cadherins

Cadherins are family of
glycoproteins that mediate Ca?*-
dependent cell—cell adhesion and
transmit signals from the ECM to
the cytoplasm.

Cadherins typically join cells of
similar type to one another and do
SO predomiﬁEntly by binding to the
same cadherin present on the
surface of the neighboring cell.

Cadherins may be the single most
important factor in molding cells into
cohesive tissues in the embryo and Schematic of two adhering cells due to

holding them together in the adult. interactions between cadherins projecting
from the plasma membrane of each cell

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.4 | Interactions of Cells with Other Cells
(3 of 4)

Cadherins Foce o

Stereocilia )

= Over 100 cadherins have been
identified in humans.

Kinocilium

LA . .
= Usher syndrome is characterized by ®
. TRV Ohals . e C
deafness and gradual loss of vision e crbrane
and can result from mutations in Cadherin 23

LAZN e ) 5 (ks CHie
non-classical cadherins. — Casscay + von - clasical

Note: Cadherins play a role in maintaining the
rigidity of the extracellular portion of the
protein

~170 nm

Protocadherin 15

Memb!
CT embrane

Cadherins form tip links of stereocilia - "

Source: From M. Sotomayor et al., Reprinted by permission from Macmillan Publishers Ltd: Nature 492:128-32, 2012.

Copyright ©2020 John Wiley & Sons, Inc.



7.4 | Interactions of Cells with Other Cells
(4 of 4)

Adherens Junctions and Desmosomes

= Cadherins are also
found in specialized
intercellular junctions.

= These are calcium- -
. junction filaments
dependent linkages.

= The network of

i i i Gap ¢

intermediate filaments e 80 e S

prowde\s structural osmosome gt M J
QI)N e & b,

continuity and tensile

strength. == .0

(a) ECM (b)

Source: (b) From E;eline E. Schneeberger and Robert D. Lynch, Am. J. Physfél. 262:1648, 1992.

© The American Physiological Society (APS). All rights reserved.

0.1 pm

Diagram and EM showing the junctional complexes on
the lateral surfaces of a simple columnar epithelial cell

Copyright ©2020 John Wiley & Sons, Inc.



Adherens Junctions and Desmosomes

Cadherins are found in specialized
intercellular junctions: adherens
junctions (AJs) and desmosomes.

g -
junction

Actin
filaments

AJs are commonly found in -
epithelia as “belts” (zonulae

adherens) that encircle cells near |
their apical surface, binding a cell poctin g W memene S| e

to its surrounding neighbors.

f

S T A S R 5 % i |
From Eveline E. Schneeberger and Robert D. Lynch, Am. J. Physiol. 262:1648, 1992.

© The American Physiological Society (APS). All rights Reserved.

These calcium-dependent linkages ===
formed between the extracellular
domains of cadherin molecules that Diagram and EM showing the junctional

bri_dge th.e 30—nm gap between complexes on the lateral surfaces of a
neighboring cells. oo K simple columnar epithelial cell

(b) 0.1 um

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



Adherens Junctions and Desmosomes

The cytoplasmic domain of

cadherins is linked by a- and B-
catenins to cytoplasmic proteins ; : Bl .
including actin filaments. e - ?

o—Ccatenin g - Cadherins

Similar to integrins of a focal CERTPOS— g s o 2= E——
adhesion, the cadherin clusters of e B ST S e e
an adherens junction: - Sl
(1)Connect the external

environment to the actin
cytoskeleton and

(2)Provide a pathway for signals to
be transmitted from the exterior to

the interior

x> : Intermediate
Plakoglobin filaments

Adherens junctions situated that — =~
0 Al s G
line the walls of blood vessels ” [
transmit signals that ensure the

survival of the cells.

Cadherins link the two cells across
a narrow extracellular gap

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



Adherens Junctions and Desmosomes

o—-catenin g - Cadherins

Desmosomes (or maculae adherens)
are disk-shaped adhesive junctions

found in a variety of tissues subjected
to mechanical stress, such as cardiac
muscle, epithelial layers of the skin (@
and uterine cervix.

binding
protein

Desmosomes contain cadherins with
a different domain structure and
are referred to as desmogleins and
desmocaollins.

Intermediate
filaments

[Model: molecular architecture | banlss

Plakoglobin

Dense cytoplasmic plaques serve as
sites of anchorage for looping
intermediate filaments.

of a desmosome

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.5 | Tight Junctions: Sealing the Extracellular

Space

= Tight junctions occur
between neighboring
epithelial cells.

= Prevent solute distribution
where different solute
concentrations are in
adjacent compartments

= The points of cell—cell
contact are sites where
integral proteins of two
adjacent membranes meet
within the extracellular
space.

Plasma membranes

Membrane proteins
that form tight junctions

¥ Paracellular,
pathwa

EM: apical
region of
adjoining
epithelial
cells

Tight junction model
showing intermittent
contact points
between proteins
from two apposing
membranes

of adjacent cells v

Copyright ©2020 John Wiley & Sons, Inc.



Tight Junctions: Sealing the Extracellular Space

F Paracellular

Tight junctions (zonulae occludens), pathway_ E /Eml\
occur between neighboring epithelial 2| region of
cells, and are located at the very :| adjoining
apical end of the junctional complex i| epithelial
between adjacent cells. i\ cels

E\«\fn\\mmch&
EM reveals that the adjomlng

memBFﬁnes make contact at
intermittent points, rather than being

fused over a large surface area.

Three-dimensional view of tight junctions

ﬁghtjunction moda
showing intermittent
contact points
between proteins
from two apposing

k membranes /

Tight junctions

The points of cell-cell contact are
sites where integral proteins of two T admont ool
adjacent membranes meet within N
the extracellular space.

Membrane proteins
that form tight junctions —__

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.6 | Intercellular Communication (1 of 4)

Gap Junctions Cirousper: wmatecal

= Plasma membranes of a gap
junction contain channels that
connect the cytoplasm of one cell
with the cytoplasm of the
adjoining cell.

0.15 um

= Gap junctions are sites between EIec'Fron micrograph qf a section through a
animal cells that are specialized gap junction perpendicular to the plane of
. P T the two adjacent membranes
for intercellular communication.

= Plasma membranes come very
close to one another but do not
make direct contact at gap
junction

Copyright ©2020 John Wiley & Sons, Inc.



7.6 | Intercellular Communication (2 of 4)

Gap Junctions

= Gap junctions are molecular
“pipelines” that pass through the
adjoining plasma membranes and
open into the cytoplasm of the
adjoining cells.

= They are composed of an integral
membrane protein connexin, and
organized into multisubunit
complexes, connexons, that span
the membrane.

Cytoplasm  Gap junction particles
(connexons)

Intercellular
space
Cytoplasm  Hydrophilic channel /

Connexon

i
Connexin

subunit

Schematic model of a gap junction
showing the arrangement of six
connexin subunits to form a connexon

Copyright ©2020 John Wiley & Sons, Inc.



Gap Junctions

Plasma membranes of a gap junction
contain channels that connect the
cytoplasm of one cell with the
cytoplasm of the adjoining cell.

The passage of ionic currents through
gap Junctlons plays a plvotal role in

LERV (Y

numerous physiologic processes.

From Camillo Peracchia and Angela F. Duhunty, J. Cell Biol. 70:426, 1976,
Fig. 5; Reproduced with permission of the Rockefeller University Press.

Gap junctions are sites between
animal cells that are specialized for Electron micrograph of a section through

intercellular communication. a gap junction perpendicular to the plane
of the two adjacent membranes

Gap junctions come very close to one

another but do not make direct
contact,  wtto Gop Techen L Lih Az 5B\

3\;::_3\'\@:_“9.\% {,.\,Jﬁap ?\é,\,z:

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



Gap Junctions

Cytoplasm Gap j(unction par)ticles

Gap junctions are molecular
“pipelines” that pass through the
adjoining plasma membranes and open
into the cytoplasm of the adjoining
cells.

They are composed of an integral
membrane protein connexin, and
organized into multisubunit complexes,

Connexon

connexons, that span the membrane. ey
A connexon is composed of six ii}m
connexin subunits arranged in a ring

E}ﬂg&g\tﬂq\ a centra_nl opening, or annulus, Schematic model of a gap
around 1.5 nm in diameter at its junction showing the
extracellular surface. arrangement of six connexin

subunits to form a connexon

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.



7.4 | The Human Perspective (1 of 3)

The Role of Cell Adhesion in Inflammation and Metastasis

= Inflammation is one of the primary responses to infection, but can
produce adverse side effects like fever, swelling, redness, and pain.

= Following a puncture wound to the skin, white blood cells (leukocytes)
from the bloodstream are stimulated to traverse the endothelial layer
that lines the smallest veins (venules) and enter the tissue.

= Leukocytes recruitment has focused on three types of cell adhesion
molecules: selectins, integrins, and IgSF proteins.

\?ﬁju@ g Conger M %\@ g

Cell aolheSion (g yo o=
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7.4 | The Human Perspective (2 of 3)

The Role of Cell Adhesion in Inflammation and Metastasis

= Endothelial cells that line venules become more adhesive to circulating
neutrophils through display of P- and E-selectins.

= Platelet activating factor (PAF) on endothelial cells stimulates an
increase in the integrin binding activity on neutrophils.

= Bound neutrophils then change their shape and squeeze between
adjacent endothelial cells into the damaged tissue.

? - ICAM o (2] © (4] (5]

' - Selectin Endothelial Neutrophil trapping Neutrophil activation Neutrophil adhesion Neutrophil invasion
activation

@ — Platelet activating factor
B - Integrin (unactivated)
I I- Integrin (activated)

/7
Invasion

Movement of neutrophils during inflammation

Copyright ©2020 John Wiley & Sons, Inc.



7.4 | The Human Perspective (3 of 3)

The Role of Cell Adhesion in Inflammation and Metastasis

= Cancer cells escape the p—

normal growth control RS RS -

mechanisms and SO DA D e BM

proliferate in an Gancer oA Y

unregulated manner. el /8 o .
= Most malignant tumors " =

are not readily contained.  vascular L7 E

BM
= Metastatic cells are
Cancer

thought to have special coll
cell-surface properties
that are not shared by

1 . . ’ﬂl "l /.o-—\
most other cells in the Steps leading to spread hov. ini

tumor.

Science. Trends in Cell Biology by Elsevier Ltd. Reproduced with permission of Elsevier Ltd. in the format Journal

Source: R. G. Rowe, S. J. Weiss, Trends Cell Biology 18:562, 2008, Copyright 2008, with permission from Elsevier
via Copyright Clearance Center.

QSConJ tumer-  more 0/4%57“0“5
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Note: Adheren junctions and tight junctions circle the cell, while desmosomes and ga
junctions are in specific sites. Hemidesmosomes are at the basal membrane of a cell.

Note: Catenins have dual roles: they tether
cadherins to the cytoskeleton, and transmit signals to the nucleus and cytoplasm.

In adheren junctions, integral membrane proteins bind to cadherins through actin
filaments using adapter proteins (vinculin, alpha catenin and beta catenin)

Adherens junctions situated that line the walls of blood vessels transmit signals that
ensure the survival of the cells.

Both desmosomes and adheren junctions use cadherins.

Desmosomes (or maculae adherens) are disk-shaped advesive junctions found in a

variety of tissues subjected to mechanical stress, such as cardiac muscle, epithelial layers

of skin and uterine cervix.

Desmosomes contain cadherins with a different domain structure and are referred to
desmogleins and desmocolins.

The network of intermediate filaments provides structural continuity and tensile
strength.

In desmosomes, cadherin is connected intracellularly with intermediate filaments
through adapter proteins called desmoplakins (plakins in desmosomes)

Dense cytoplasmic plaques serve as sites of anchorage for looping intermediate

filaments.
ions and small RNAs, as well as glucose and fructose and small proteins (Molecules

under the molecular weight of 1000 daltons)

Note: Short-range communication
between cells is carried out by gap
junctions, while mid-range

communication is carried out by long “T0a5um
From Camillo Peracchia and Angela F. Duhunty, ). Cell Biol. 70:426, b

tubules that stretch between cells, and P epondund it permtiee ol Ao ety P,

long-range communication is carried out

using extracellular vesicles. Electron micrograph of a section through

A~ man imabtian narnandiciidla taA A o AlAanAa

The passage of ionic currents through gap
junctions plays a pivotal role in numerous physiologic processes.

Plant cells have plasmodesmata which has same function of gap junctions.

as



