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Questions ?
* How can cell be jointed

together robustly?

* Where 1s builder &
architect’s plans?

« How different cell types
produced 1n 1ts proper place?




Outline of Ch 20

 Extracellular Matrix (ECM) & Connective Tissue
* Epithelial Sheets & Cell-Cell Junctions

» Tissue Maintenance & Renewal

e Cancer
LUMEN OF GUT
epithelial cell
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connective _fibroblast
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Extracellular Matrix (ECM) & Connective Tissue
Arabidopsis

 Plant vs. animal cell
e Animal
1. strong & agile (=swift)
2. possess rapid movement &
change shape quickly
3. generate & transmit force

* Plant
1. sedentary
2. weak cell
3. strength comes from cell wall
4. cell wall 1s a type of ECM
that secretes by cell
5. wood: thick & hard
leaf: thin & flexible

Fig. 20-3 plant cell wall



Extracellular Matrix (ECM) & Connective Tissue
- Plant Cells Have Tough External Walls

Naked plant cell

delicate & vulnerable

*with care, can be kept in culture

ecasily rupture

*small maladjustment of osmotic strength can cause it swell & burst

«cytoskeleton lacks the tension-
bearing intermediate filament =

Plant cell wall

*Osmotic swelling cell 1s
limited by resistance of cell
wall

*Swollen chambers forms
semi-rigid tissue

SEM for cells in a crisp lettuce leaf 100 um

Fig. 20-4



Extracellular Matrix (ECM) & Connective Tissue
- Cellulose Fibers Give the Plant Cell Wall Its Tensile

middle
lamella L -

peciin
- \ provide resistance

rima .
(':)ell wam to compression
' cellulose provide tensile
poomar microfibril strength
membrane —
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cross-linking glycan

Fig. 20-5



Extracellular Matrix (ECM) & Connective Tissue
- Cellulose Fibers Give the Plant Cell Wall Its Tensile

e Cellulose fiber =2 resist stretching

turgor
pressure

L
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Fig. 20-6



Cellulose Fibers Microtubules

g ('

distal ends of cellulose
microfibrils being integrated
into preexisting wall

plasma
EXTRACELLULAR membrane
SPACE >

cellulose synthase

CYTOSOL complex

(C) 0.1um  microtubule attached to
plasma membrane

Fig. 20-7



Extracellular Matrix (ECM) & Connective Tissue
- Animal Connective Tissues Consist Largely of ECM
* 4 major types of animal tissue
connective
epithelial
nervous
muscular

* ECM - bone
 Collagen for tensile
strength

osteocyte




Extracellular Matrix (ECM) & Connective Tissue

- Collagen Provides Tensile Strength in Animal Connective Tissues

 mammals have about 20 different collagen (COL) genes
* consist 25% total protein mass in a mammal

—— ——

e structure of COL N\ oo

collagen
fibril

triple-stranded
collagen molecule

single collagen
polypeptide chain

Fig. 20-9



Extracellular Matrix (ECM) & Connective Tissue

- Collagen Provides Tensile Strength in Animal Connective Tissues

Hyperextensible
skin

Improper collagen
assembly by lack of
enzyme to convert
procollagen to
collagen

Fibroblast

—
secret ECM (procollagen)
/

Collagen Fibrils

rat cornea



5 common collagen types:

» Collagen I: skin, tendon, vascular ligature, organs, bone (elastic property)

» Collagen II: cartilage

» Collagen III: reticulate (main component of reticular fibers)

» Collagen IV: forms basal lamina, epithelium-secreted layer of basement membrane
» Collagen V: cell surfaces, hair and placenta

Type I collagen products:

Atelocollagen



Extracellular Matrix (ECM) & Connective Tissue
- Cell Organize the Collagen that they Secrete

Alignment

skin: woven

tendon: parallel bundles along major axis of tension
Tissue Development

*Fibroblast = secrete COL - crawling & pulling on
it = help to compact COL into sheet

Embryonic chick heart (fibroblast & m. cell)

A irne

5um
Collagen fibrils in skin COL fiber 1mm

Fig. 20-12 Fig. 20-13




Extracellular Matrix (ECM) & Connective Tissue
- Integrins Couple the Matrix Outside a Cell to the Cytoskeleton Inside It

N collagen
fiber
s (strong)

fibronectin

collagen binding site
N\

g 5 integrin
cell binding site J plasma

Imembrane

adaptor (weak)
rotein

actin
filament
(strong)
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Fibronectin molecule

* Integrin = transmit stress = cytoskeleton
e Integrin = cell signaling

Fig. 20-14



strong binding to
extracellular matrix

\\\\H///

OUTSIDE-IN
ACTIVATION

>

active
integrin

inactive
integrin

I

(A) > 5nm
a subunit INSIDE-OUT ils
B subunit ACTIVATION strong binding to
cytoskeleton

Figure 20-15 Essential Cell Biology (© Garland Science 2010)
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\ collagen-binding site

i "
fibronectin cell attachment site

(R)

Figure 20-14 Essential Cell Biology (© Garland Science 2010)
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Extracellular Matrix (ECM) & Connective Tissue

- Gels of Polysaccharide and Protein Fill Spaces and Resist Compression

» Proteoglycans: extracellular proteins link to a special class of complex
negatively charged polysaccharides = glycosaminoglycans (GAGs) -

repeating disaccharide

' . Hyaluronan (HA) ) ==
coo 2 . )
\“ M Negative Charge
€60 O i
" B Hydrophilic
glucuronic acid N-acetylglucosamine i

1um aggrecan aggregate  Osmotically active

Suck water

core protein

S T volume
~_link proteins

molecule’ Bear compression

/ &
keratan “1-— _chondroitin sulfate
sulfate "~ -

® Fig. 20-17







Epithelial Sheets & Cell-Cell Junctions
» Cover the external surface of the body
 Line internal cavity
» Sheet = create a barrier
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Epithelial Sheets & Cell-Cell Junctions

- Epithelial Sheets are Polarized and Rest on a Basal Lamina

* Epithelial sheet
apical surface: free & exposed to air or watery fluid

basal surface: rest/attach on other tissue (connective tissue)
« Basal Lamina (COL IV + Laminin)

free surface

SicAl  epithelial s
cells e

basal —| [H. &
lamina A
\
basal lamina
connective tissue coll_ag(_en
fibrils

10 um

Fig. 20-19 Fig. 20-20



Epithelial Sheets & Cell-Cell Junctions

- Epithelial Sheets are Polarized and Rest on a Basal Lamina
« 2 intermingles cell types
absorptive cell: uptake nutrients
goblet cell: secrete mucus to protect & lubricate gut

asymmetrical organize of Golgi apparatus & cytoskeleton
GUT

microvilli
mucus in
secretory
vesicles
goblet
(mucous)
cell

absorptive
cell

basal lamina

Fig. 20-21



Epithelial Sheets & Cell-Cell Junctions
- Tight Junction Make an Epithelium Leak-proof and Separate its Apical &
Basal Surfaces
Epithelial cell junction
* Seal: tight junction
* Mechanical attachment
 Intimate chemical communication

Cme funcion

@ Z : seals neighboring cells together in an
ugt epithelial sheet to prevent leakage

i
11

, mCHon of molecules between them
. . o2 1=1 2 actin o232 4=T2¢ e + 4
junctional #3153 :!*-—1:523 dh joins an actin bundle in one cell
complex H7HHS R T ngtl'pns to a similar bundle in a
: : unction : .
intermediate ' neighboring cell
#_ filaments %EK
- I = - . . . .
- g joins the intermediate filaments
desmosome in one cell to those in a neighbor
- gap allows the passage of small
. junction water-soluble ions and molecules
in the cytosol
\W Yﬁ : anchors intermediate filaments
o . N\ I\ hemidesmosome in a cell to the basal lamina

basal lamina Flg 20-22



Epithelial Sheets & Cell-Cell Junctions
- Tight Junction Make an Epithelium Leak-proof and Separate its Apical &

Basal Surfaces
Tight junction formed by claudins & occludins interacting

plasma membranes
) a .;\f;y " o ;

n"
' ’
" b1 fI'.
B eV ESS
-

-~

‘tlaht  intercellular
space

sealing
strands of
occludin and
claudin
proteins

(A}

Water proof

cytoplasmic
half of
lipid bilayer

Tracer Molecules

0.3 um

Fig. 20-23



Epithelial Sheets & Cell-Cell Junctions
- Cytoskeleton-linked Junctions bind Epithelial Cells Robustly to one
another and to the Basal Lamina

3 main types of mechanical attachments:
1.adherens junctions

2.desmosome junction
3.hemidesmosomes =2 bind to basal lamina

UUYUUUUUL U

: : $4-1 3, actin o238 41 22,
junctional §§§j£ Eif :g;._'?giz
: 3 L34 -

J bind one epithelial cell to another

l Cneme funcion

tight seals neighboring cells together in an
junction epithelial sheet to prevent leakage
of molecules between them

adherens joins an actin bundle in one cell

complex 8418 $tese : . to a similar bundle in a
} intermediate JAEACTS neighboring cell
%é filaments %—
= Jjoins the intermediate filaments
J desmosome in one cell to those in a neighbor
Sg gap allows the passage of small
junction water-soluble ions and molecules
, Y in the cytosol
\ | : S
\%* \ ; : anchors intermediate filaments
L \yﬁ Y hemidesmosome in a cell to the basal lamina

basal lamina Flg 20_22



Epithelial Sheets & Cell-Cell Junctions

- Cytoskeleton-linked Junctions bind Epithelial Cells Robustly to one
another and to the Basal Lamina

adherens junctions
e provide mechanical strength
* linked to cytoskeletal filaments

* insert on plasma membrane

built by cadherin = binding =

1: plasma membrane cytoskeletal
homophilic = A

* binding require Ca2+

linker cadherin
protein molecule
CELL1 CELL 2

Fig. 20-24






mEosFP for Green/Red transformation

Photocovertion fluorescent probe
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Epithelial Sheets & Cell-Cell Junctions
- Cytoskeleton-linked Junctions bind Epithelial Cells Robustly to one
another and to the Basal Lamina

Adhesion belt

. actin filaments
* actin ﬁlament inside microvillus microvilli extending
e near apical end | LUMEN from apical surface

* below tight junction

 potentially contractile |
—> tension |
. . . : { L@
—> shrinking apical surface ] L H-tamtjuncion
(one axis) : =
- rolling into tube adhasipn A [ 2ctin Mlaments
belt cadherins :
f lateral plasma
membranes of
| adjacent

epithelial cells

Flg 20-25 — “ basal surface



Epithelial Sheets & Cell-Cell Junctions
- Cytoskeleton-linked Junctions bind Epithelial
Cells Robustly to one another & to Basal Lamina

sheet of epithelial cells

&b

oHo 8 oio 8le oioio glg[o oio 0 OLOiO oje OHOIO o

INVAGINATION OF EPITHELIAL SHEET CAUSED .

adhesion belt with BY AN ORGANIZED TIGHTENING ALONG
associated actin filaments ADHESION BELTS IN SELECTED REGIONS OF
CELL SHEET

EPITHELIAL TUBE PINCHES OFF
FROM OVERLYING SHEET OF CELLS

LUCOAN 400

epithelial
tube




Epithelial Sheets & Cell-Cell Junctions
- Cytoskeleton-linked Junctions bind Epithelial Cells Robustly to one
another and to the Basal Lamina

desmosome junction
» (Cadherins are anchored to intermediate filament (Keratins)
* Epidermis of skin

e G A S

cadherin

family proteins cytoplasmic
plaque made of
intracellular
anchor proteins

1V T I | N Y VR

keratin' fillaments
anchored to
cytoplasmic plaque

intercellular

\/ space

interacting

(A) ‘ = (B) :
T plasma membranes Flg. 20_27




Epithelial Sheets & Cell-Cell Junctions

- Cytoskeleton-linked Junctions bind Epithelial Cells Robustly to one
another and to the Basal Lamina

Hemidesmosomes
 anchored to the basal membrane by integrin
 1ntermediate filament (Keratins)

« Blister (7K/)=> not enough epithelial cell for cell-cell
junction & attachment to basal membrane

keratin filaments

basal plasma

__—" membrane of

epithelial cell
integrin —
molecules

basal
lamina

Fig. 20-28




Vascular and lymphatic

capillary beds in Hair

superficial dermis ~,_
e

Afferent nerve endings

Small arteriole feeding
vascular capillary bed

Collagen and
elastic fibers
Arrector muscle of hair

Sebaceous gland

Hair follicle
Fat

Cutaneous nerve
Lymphatic vessel \ B

Basal (regenerating)
layer of epidermis

} Epidermis

| r Dermis

| Subcutaneous tissue
(superficial fascia)

Superficial blood vessels \"-«
S

Skin ligament
(L. retinaculum cutis)

Sweat gland

Second D

and blistering.

Burn
Damage to both outer
skin and underlying
tissue layers (epidermis
and dermis), causing
pain, redness, swelkng,

Deep fascia
Skeletal muscle

Bula
(Blesteesd

" Recognizing burns

Use the size and symptoms of the burn to determine its degree.
The cause of the burn will give clues as to severity and whether
the injury is critical.

Second-degree burn
First-degree burn Both layers of the skin
Only the top layer are damaged.

of the skin is damaged.

Second-degree symptoms

+ skin looks raw and is
mottled red in color

skin is moist
blisters contain clear fluid
severe to extreme pain

First-degree symptoms

= skin color is pink to red .

« slight swelling .

» skinisdry .

+ burn can be anywhere from
tender to severely painful

Third-degree burn

The full thickness of the skin,
Including tissues under the
skin are damaged.

Third-degree symptoms

« skin is pearly-white, tan-coloured
or charred

+ skinis dry and leathery

+ blocd vessals and bones may be
visible under the skin

« little or no pain, as nerve endings
are destroyed




Epithelial Sheets & Cell-Cell Junctions
- Gap Junctions Allow Ions & Small Molecules to Pass from Cell to Cell

Gap Junctions

* 2-4 nm gap

 connexon: channel across 2 plasma membrane
* heart m. cell = electrical coupling

large gap interacting plasma small gap

junction membranes junction interacting
| plasma membranes

channel
1.5nmin
diameter
"""" gap of
2-4n

connexon
two connexons in composed of
register forming six subunits
open channel between

adjacent cells

100nm Fig. 20-29



Epithelial Sheets & Cell-Cell Junctions
- Gap Junctions Allow Ions & Small Molecules to Pass from Cell to Cell

Dopamine = J gap-junction communication

(A) before dopamine (B) after dopamine
Fig. 20-30

Rat retina, inject Lucifer yellow into neuron




Epithelial Sheets & Cell-Cell Junctions

- Gap Junctions Allow Ions & Small Molecules to Pass from Cell to Cell
Plant cell
* plasmodesmata
e pass 1ons & small molecules

cytoplasm

smooth
endoplasmic

reticulum desmotubule

cytosol

cell walls
of adjacent
plant cells

plasmodesmata

plasma membrane lining 100 nm
plasmodesma, connecting
two adjacent cells

(R) (B)



Tissue Maintenance & Renewal
- Tissue are Organized Mixtures of Many Cell Types

(A) G [ - - o (Bl m
EPIDERMIS —— Epithelial
loose connective | tissue
tissue of DERMIS E
sensory nerves
. epidermis
dense connective I
tissue of DERMIS — bloodvesse
fatty connective tissue —
of HYPODERMIS  —— A f}_ — i
loose connective tissue dense connective tissue
of dermis of dermis
\Z dermis &
Conne
Tissue

collag'en fiber

fibroblast |

elastic fiber

| coll"agen‘. mast
fiber ; cell | .
fibroblast | lymphocyte

keratinocytes
pigmént cell {melanocyte) |

dendritic cell

{Langerhans cell) macrophage endothelial cell

forming capillary

rboe

ctive

Mammalian SKin

Fig. 20-33



Tissue Maintenance & Renewal
- Tissue are Organized Mixtures of Many Cell Types

Fig. 20-34

1

CELL
COMMUNICATION

SELECTIVE
CELL-CELL
ADHESION

CELL
MEMORY

3 major factors for organization of
structure stability

1.Cell communication
environmental signal = produce &
survive new cell

2.Selective cell-cell adhesion
cadherin

3.Cell memory
autonomously preserve distinctive
character & pass it on



Tissue Maintenance & Renewal
- Different Tissue are Renewed at Different Rates
- Stem Cells Generate a Continuous Supply of Terminally Differentiated Cells

stem cell

|
.

|

I IE —=_m.... What signal for decision
'/ \ making ?

O

SELF-RENEWAL

-

8o

dividing
precursor / \
cells @ @

ireniuied (@ 1@ Fig. 20-35




Stem Cell

Requirement

1. “multipotency”: able to differentiate into multiple mature cell

types
2. “stemness”’: self-renewal

 Embryonic Stem Cell (ESC)
pluripotency: able to differentiate three germ layers of cells
Ectoderm — brain, eyes
Mesoderm — bone, muscle, heart, Kidney
Endoderm — liver, pancreas, lung, GI tract



embryonic
stem cell

.




Tissue Maintenance & Renewal
- Stem Cells can be Used to Repair Damaged Tissues

Embryonic stem cell (ES cell)
e can differentiation into all cell types, including germ cell
* skeletal m. fiber = muscular dystrophy
* nerve cell 2 Parkinson’s disease

« insulin-secreting cell = type I diabetics
e cardiac m. cell =2

heart attack

@ (: Totipotent /‘

In vivo
fertilized egg

8 cell
embryo

Cultured / ( Pluripotent )
undifferentiated
stem cells S/
\v

Blastocyst

pluripotency

cells of inner cell mass

cultured ES cells

early embryo
(blastocyst)

) .
(J

fat cell

(b—b

neuron

-

\ 4

macrophage

smooth muscle cell

A

— amrea.

S —— D
Fig. 20-41 - 2 /§§



| Ectoderm (external layer) |

Skin cells Neuron
of of brain
epidermis

Germ cells
¥ Y

Smooth Pancreatic Thyroid Lung cell
muscle cell cell (alveciar
(n gut) cell)




Adult Stem Cell

v )
. N.

CNS stem cells

Skeletal
muscle

Bone

Bone marrow
stromal cell
; Epithelial

Fat cell

Cardiac muscle

' Glialcell



Other Adult Stem Cell: Cord blood

Cord blood &
Umbilical cord

stem cell Fulminant

hepatitis
Hepatocellular
Carcinoma
Cirrhosis

Spinal Cord
injury
Parkinson's
Disease

. Alzheimer's
Netll'al Cel Disease

Pancreatic cell « Stroke

e

Skin rejuvenation -E)iabetes Cardiac muscle

AdipS‘sé cell

Heart Disease




Other Adult Stem Cell
PDMC (placenta-derived multipotent cells)
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Tissue Maintenance & Renewal
- Nuclear Transplantation Provides a Way to Generate Personalized ES cell:

the Strategy of Therapeutic Cloning

Cloning?

Biology term: a set of individuals that are genetically 1dentical by
virtue of their descent from a single ancestor

Cloning entire multicellular animal = reproductive cloning

Nuclear Transplantation REPRODUCTIVE
CLONING
@ @ m
®@® calf

embryo placed in
foster mother

©®e®
cells from adult tissue \\
containing the genome /}.,f—’\\@& f-—«\ SOTN
L ) <

to be cloned [ - |
meiotic \_ / CELLFUSION \_ /

spindle " ORNUCLEAR o cells from early embryo
ff”"—:;\ % INJECTION early transferred to culture dish
Q ) — ( \ embryo \

\ J \ 4
- - ES cells

unfertilized removal of egg ’ \
egg froman cell DNA ad @@633

adult female . THERAPEUTIC
Fig. 20-42 e



Tissue Maintenance & Renewal
- iPS: induced pluripotent stem cell Fig. 20-43

— fat cell

introduction of —> heuron

! three keygenes @
0——> % —— macrophage

fibroblast from induced smooth
adult skin biopsy pluripotent muscle cell
stem cell
O (iPS cell) — etc.
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Treatment
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l,. \.. ,,> c Research and Application
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Tissue Maintenance & Renewal
- Stem Cells Generate a Contlnuous Supply of Terminally Differentiated Cells

LUMEN OF GUT
epithelial cell migration

from birth at the bottom
of the crypt to loss at the
top of the villus
(transit time in
humansis

3-6 days)

villus (no cell division)

cross section
of villus

villus

epithelial

absorptive i 1

brush-border

cells crypt
cross
mucus- loose section
PP ting connective of crypt
tissue
goblet cells
nondividing
terminally
differentiated
cells
direction of
movement differentiated

secretory cell
dividing

crypt ;,'“q:g,s ‘:—"" precursor cells
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&\‘{"‘? : 223"
e SMNGL
d‘ ‘\ s e
u SR\, dividing
V stem cells
nondividing

terminally differentiated ]
100 pm secretory cells (Paneth cells) Fi g, 20-36



absorptive cell

secretory cell

Wnt
pathway
inactive:

no cell
proliferation

movement

Wnt pathway
active: cell
proliferation

L

stem cell

Figure 20-40 Essential Cell Biology (© Garland Science 2010)



Tissue Maintenance & Renewal
- Stem Cells Generate a Continuous Supply of Terminally Differentiated Cells

dead flattened cells
packed with keratin

CELLS
ARE
SHED
EPIDERMIS
(epithelium)
CELLS
DERMIS ARE
(connective BORN
tissue)
[

e— 30 pm —» basal lamina dividing basal cell

Fig. 20-37



Tissue Maintenance & Renewal
- Stem Cells Generate a Continuous Supply of Termlnally leferentlated Cells

o
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