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Biography of a Keratinocyte??




An Electron
Microscope Study
of Cornification in
the Human Skin.

Arwyn Charles,
1959, J Invest
Dermatol , 33:65-
74.

ABBREVIATIONS UsED

cw, cell wall; hl, horny layer; kh, keratohyalin; mit, mitochondria; n, nucleus; p. prickle; pn, prickle
nodule; sc, s{:on;y cell,

F1a. 1. Cells of the upper eglidermis, The cells at lower left are ordinary Malpighian-layer cells, shove
which oceur flattened p'? ian cells, then cells of the granular layer containing keratohyalin, and
ﬁngll&')bat the top right-hand corner, a cell of the horny layer, The unknown bodies can be seen at (x)
X9,

Fig. 2. Cells of the granular and horny layers. Keratohyalin forms a sheath around the tonofibrils at
(tfs), the light lines (I} probably representing the fibrils; this region, indicated by arrow A, is enlarged
as Fig. 3A. Arrow B indicates a prickle enlarged in Fig. 3B, in which the cell wall remnants appear sz
less-electron-dense lines (pl) with a darker region (pd), the point of intercellular adhesion, between.
Note the increased electron-density of the two upper horny layers. X 17,500
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Skin Functions

EPIDERMIS — BARRIER BETWEEN

EPIDERMIS-DERMIS-SUBCUTIS INSIDE AND OUTSIDE

Physical permeability barrier Compressive, tensile, bending

: : : strength
Protection from infectious agents , ,
Mechanical protection

Thermoregulation Prevents penetration of
pathogenic microorganismes,
allergens, toxins

Physical appearance Protects against damage from
ultraviolet radiation

Sensation

Prevents water loss
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BIOGRAPHY OF A KERATINOCYTE

Overview of epidermal layers
Cornification

Keratinocyte adhesion
Desquamation

Epidermal barrier



Basic structure of the epidermis and major epidermal barriers

[ Physical assauits |
(dessication, imtaton, UV imadiation, heat and cokd shock) |
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Stratum -
| granulosum
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Cell differentiation and continuous cell turnover




| [ﬁ Stratum basale

Basal keratinocytes
°cSmall polar undifferentiated cells
cExpress K5 and K14

> Dogs also express K1 and K6

o Attach to basement membrane at
hemidesmosomes




oy 9 Stratum basale

Theories of epidermal homeostasis

A i Top view / E c
® e L BIK ®|® ® e
EPU
st ;
O ]
.‘é ( [ ||
c [ —— ] Sinal
% - |- RIS Stem n —_—D TA
= progenitor
@, O 0O
TA Stem TA Self- Self- Proliferation
| SN renewal renewal



ﬁi Stratum spinosum

AKA spinous or prickle cell layer
o “Spines” represent desmosomes

Keratinocytes enter terminal differentiation pathway
o Synthesizing K1 and K10

> Dogs also express K4 and K15/16

Start producing other components
° Involucrin

o Profilaggrin

o Lamellar bodies



ﬁ I\~ Stratum granulosum

Keratohyalin granules visible
under light microscopy

Granule components
o Profilaggrin

o Keratin filaments

° Loricrin

3 Iayers: SG3 (deepest) - SG2 -2 SG1




SG2 creates permeability barrier

SG 2 Tight junctions seal intercellular spaces
° Holds H,0 inside

> Prevents entry of antigens from outside




Keratin intermediate filament assembly
SG 1 Cornified cell envelope construction

Lamellar body exocytosis and creation of corneocyte
lipid envelope and intercellular lipid lamellae




| Stratum corneum

Corneocytes in extracellular lipid matrix

Basic structure of the stratum corneum

Corneocyte Intercellular lipid Paracellular route
\ 'ai“e"ae of permeation

m— ] | B—
/

i —
Lipid-enriched Ceramide coat of Protein-based
extracellular matrix  cornified envelope cornified cell
with lipid lamellae  (corneocyte lipid envelope

envelope)

Source: S. Kang, M. Amagai, A.L. Bruckner, A.H. Enk, D.]. Margolis,
A.J. Mcmichael, J.S. Orringer: Fitzpatrick's Dermatology, Ninth Edition
Copyright © McGraw-Hill Education. All rights reserved.

Corneocytes — dead, flattened
terminally differentiated keratinocytes
> Densely packed core of keratin and filaggrin

o Coated in durable protein layer: cornified
cell envelope (CE)

o Loss of nuclei and organelles
o Corneodesmosomes attach corneocytes

Corneocyte lipid envelope (CLE)
attaches corneocytes to lipid lamellae
composed of ceramides, free fatty
acids, and cholesterol




Corneocyte analogy




Basic structure of the epidermis and major epidermal barriers

[ Physical assauits |
(dessication, imtaton, UV imadiation, heat and cokd shock) |
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Cell differentiation and continuous cell turnover




“Bricks and mortar”

Brick-like pattern of the
stratum corneum (skin barrier)

Skin cells (*bricks’)

Lipids {"mortar”)




Stratum corneum analogy -
“M&m’s and caramel”




Cornification - the “bricks”

Keratin intermediate filament (KIF) assembly

Cornified cell envelope (CE) construction




Epithelial cytoskeleton

Intracellular transport
o Microfilaments — actin, 7 nm diameter

o Microtubules — a- and B-tubulin, 20 nm
diameter

Scaffold - keratin

o Intermediate filaments — 7-12 nm
diameter

KIFs span cytoplasm and attach [} eSS

at desmosomes Cultured human epidermal cells
Keratin = red
Arrowheads = desmosomes



Keratin proteins

Structure
o Central alpha-helical rod domain

> Amino (N)-terminal head and carboxy (C)-terminal tail that
exhibit “glycine loops”

a Keratin protein molecule with domains and subdomains
Rod
I 1
Head 1A 1B 2_A 28____ Tail
E1 V1 T U 12 L2 * T H2 V2 E2
him st htm



Keratin proteins

Type | Type |
o Acidic ° Basic to neutral
> Smaller than type Il o Larger than type |
° K9-19 in epidermis o K1-8 in epidermis

Acidic and basic proteins form pairs

b  Heterodimer: Type /Il keratin protein molecules in parallel alignment




B Al o

| Type I | Type II

KIF Assembly: Classic Model e oo

l Heterodimer

Type | and Il keratins=> %%b%

Heterodimers x 2—>

‘ Tetramers
o Staggered, antiparallel . :
POOR ool 08
Tetramers end to end—> .
Protofilaments x 2> e
Protofibrils x 4—> PORARG R 08

KIF

l Protofilaments
Protofibrils




Keratin Intermediate Filaments

Type ll Keratin - 1ype | Keratin  Type Il Keratin

Keratins cross-linked by disulfide Type |Keratin - N-Aerminus C.terinus  Cteyminus
bonds

KIFs aggregated and bundled into
densely packed parallel formation

2-3 nm

Filaggrin plays role in bundling KIFs  prowfiament

A
v

10 nm Intermediate Filament



KIF Assembly: Cubic Rod-Packing and
Membrane Templating Model

Disputes keratin self-assembly

Proposes membrane template
organizes keratin assembly

Explains strength and water-holding
capacity of epidermis

Explains findings with cryo-
transmission electron microscopy on
fully-hydrated epidermis




Fi\aggrin (Filament Aggregating Protein)

Key to epidermal barrier function
> Role in KIF assembly and flattening of corneocytes

o Becomes natural moisturizing factor (NMF)

In SS - synthesis of profilaggrin starts after K1/K10
o Multiple filaggrin units between N- and C- terminal domains
° 10-12 in humans, 12-20 in mice, 4 in dogs

Structure of canine profilaggrin:

. <FLG monometXFLG monomer XFLG monomerXFLG monome) '

N-terminal Truncated (59 kDa) (59 kDa) (59 kDa) (54 kDa) Truncated C-terminal
region FLG monomer FLG monomer region




Filaggrin in SG

Filaggrin bundles KIFs into
tight arrangement

Profilaggrin cleaved into
filaggrin units

Ca?, Phosphatases 4 Proteases

( Keratohyalin \

///

Component of keratohyalin /,/ ’m

granules ////

\
\

/‘/
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/]
I




Filaggrin in SC

Enzymatically degraded into NMF

> Pyrrolidone carboxylic acid (PCA)
o Urocanic acid (UCA)

o Amino acids, lactic acid, citrate, urea,

sugars

NMF contributes to epidermal
hydration and pH

UCA plays role in photoprotection

Peptldylarglmne
delmlnases Ca?*

Ca?*, Phosphatases “ Proteases

Keratohyalin

/ Granule
///'
%




Cornification - the “bricks”

Keratin intermediate filament (KIF) assembly

Cornified cell envelope (CE) construction




Keys:

@) Ervoplakin
Be==mm==l) Periplakin
SA M, Involucrin

as Small proline-rich
proteins

Eq, Loricrin

@ Other proteins
('-\

| } Membrane/desmo-
(| somal proteins

VO Frm—
0 Transglutaminase 3

Is0, ide cross-link/
— Cer%ﬁde ester bond

]_—_—] Keratin filaments

1 Phospholipids
—= W-0OH-Ceramides
=== Free fatty acids,

ree ggg aci

cerami
cholesterol, etc,

Cornified cell envelope
(CE) construction

3 gz Y *‘ “, ',‘:’\ & i-.)~ W ’
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Cornified cell envelope (CE) construction

2002 2020
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CE construction

Envoplakin, periplakin, and involucrin move to
cell membrane

. . . . Keys:
Transglutaminases link involucrin to other
Ol Envoplakin

proteins to form scaffold ——
. S, Involucrin

Small proline-rich
AR Droleitls

™M S
» & Loricrin
LA

@ Other proteins

—
) } Membrane/desmo-

\_,.’ somal proteins

@ Transglutaminase 1
0 Transglutaminase 3

_ Isopeptide cross-link/
Ceramide ester bond

|| Keratin filaments




CE and CLE construction

Lamellar bodies secrete lipids and enzymes Keys:

= Envoplakin
@===mm===={) Periplakin
SR, Involucrin
Small proline-rich
<2 Droteins

z Y Loricrin
Pt

@ Other proteins

U Membranc/desmo-
somal proteins

@ Transglutaminase 1
0 Transglutaminase 3

_ Isopeptide cross-link/
Ceramide ester bond

[——‘ Keratin filaments

1 Phospholipids
= W-OH-Ceramides
== Frec fatty acids,

ceram:des‘
cholesterol, etc.




CE construction

Loricrin
o Cysteine-rich flexible protein with glycine loops

o Major structural component (>70%)

Transglutaminase (TG) enzymes e

. . . . Q=) Envoplakin
o Catalyze formation of N(g)-(y-glutamyl)-lysine isopeptide bonds e repan

o Highly resistant to proteolytic enzymes N?:ﬁ.%JQWMh
o Calcium dependent .;:pw
> TG1 links 1] venprae o
o Loricrin to involucrin scaffold D i
° Involucrin to w-hydroxyceramides to form CLE 0_;2‘;,::;;‘;”;@
I K fers

> TG3 links loricrin to other cytoplasmic proteins



CE construction

CE replaces cell membrane

o Loricrin inside, involucrin outside Keys:
. ‘_.Envoplakin
KIFs linked to CE o reiski
Mlnvolucﬁn

Small proline-rich
AR Droteinss

i 'III rl |_| "I I'I
8‘:, & b




Cornification - the “bricks”

Inside to out: keratin=> loricrin=> involucrin




Cornification - the “mortar”

Composed of ceramides, free
fatty acids, and cholesterol

Extracellular lipid matrix
o Corneocyte lipid envelope (CLE)

° Intercellular lipid lamellae




Keratin intermediate filament assembly

SG 1 Cornified cell envelope construction

Lamellar body exocytosis and creation of corneocyte
lipid envelope and intercellular lipid lamellae




Lipid synthesis is complex

Keratinocytes synthesize lipid
precursors and enzymes

Lamellar bodies deliver lipid
precursors and enzymes to SG1
and stratum corneum interface

Synthetic pathways and key enzymes for cholesterol, free fatty acids, ides, and acyl di
Acetyl-CoA
_l HMG-CoA synthase
HMG-CoA Cholesterol synthesis
| HMG-CoA reductase
Mevalonic acid
Squalene Deficiencies in
il enzymes
Acetyl-CoA Lar 1 Dihydrol ol
carboxylase| NSDHL / NSDHL /, CHILD syndrome
MSMO1 MSMO1 MCCPD
71
Dehydrod ol 7-Dehydrochol
7-Dehydrocholesterol
reductase Ultraviolet B
| | Previtamin D
Ceramide synthesis
Fatty acid
synthase
Malonyl-CoA =———————e——p | Falty acids - ULC-fatty acids <—— 'As:g:
- holipid Phospholipase A2 T
Serine + Palmitoyl-CoA
e Ceramide synthase = = ARCI9
- y | Chanarin-Dorfman
Food intake —————— Linoleic acid | syndrome
(Essential S v ARCI10
fatty acids) Acylceramides ARCI2
ARCI3

Source: S. Kang, M. Amagai, AL Bruckner, A M. Enk, D.). Margols,
A.). Mcmichael, ).S. Orringer: Fitzpatrick’s Dermatology, Ninth Edition
Copyright © McGraw-Hill Education. All nghts reserved




CE and CLE construction

Lamellar bodies secrete lipids and enzymes Keys:

= Envoplakin
@===mm===={) Periplakin
SR, Involucrin
Small proline-rich
<2 Droteins

z Y Loricrin
Pt

@ Other proteins

U Membranc/desmo-
somal proteins

@ Transglutaminase 1
0 Transglutaminase 3

_ Isopeptide cross-link/
Ceramide ester bond

[——‘ Keratin filaments

1 Phospholipids
= W-OH-Ceramides
== Frec fatty acids,

ceram:des‘
cholesterol, etc.




Formation of the comified cell envelope, corneocyte lipid envelope, and intercorneocyte
lipid lamellae

Déferansation from stratm granulosum celis 10 comeocytes

O 4\ a . (X

Conversion from periphoral ™ Lok lamettar] ] Conversion trom desmosome
o | formation | 10 Comeodesmosomo

ol memdrane | y
o onvolope \ — Lamellar body contents
Desmosome Comeodesmosoma . .
I ' \
s J’&%‘”&f‘sﬁ; i = g l Lipid precursors
coll mombrane 1 \ - T\"' == — -Intorcorneoccyte EnzymeS

a pos Lipid hydrolases
\\Z . ﬁ’lllll)llllllll. — me Steroid sulfatase

«'__'

g“ > OO L Comified oot Kallikreins
envelopo .
ws:nu J (=10 nm thickness) Cathepsins

Corneodesmosin
Antimicrobial peptides

Scurce: S. Kang, M. Amaga, AL Bruckner, A M. Enk, D.). Margolis,
A, Mcmichaes, 1.5, Ominger: Fitrpatrck’s Dermatology, Ninih EGtion
CopyngMt D McGraw-Mill Education. AR rights reserved




Extracellular lipid matrix

Corneocyte lipid envelope (CLE)

° w-hydroxyceramides

Intercellular lipid lamellae
o Ceramides, free fatty acids, and cholesterol

Lipid-enriched extracellular
Corneocyte-bound matrix with lipid bilayers

lipid envelope
\

Corneocyte-bound
protein envelope —”
Lipid-depleted




What is a ceramide?

Type of sphingolipid: amide-linked fatty acid attached to
sphingoid base

Sphingoid base: long-chain amino alcohol

OH
/_/'\/CHZOH
P e e NP — f Sphin QOSInNg
sphingosine NHa OH
oH AANAAANAA CHO TR
/\/‘\/\/\/\/“\/\/!\/CHZOH B
dihydrosphingosine I\I-Iz W |
OH Fatty acid Ceramide
e e A CHEOH
phytosphingosine OH N-Iz



Corneocyte lipid envelope (CLE)

Layer of w-hydroxyceramides bonded
to CE

o Unigue to stratum corneum

o Ultra long chain (ULC) fatty acids

° Linoleic acid (w-6 EFA) is component
° Bonded to involucrin in CE

Forms scaffold for intercellular lipid
layers of stratum corneum

Key structure for skin barrier
function and ichthyosis pathogenesis

/V
P




(dessication, irritation, UV irradsation, heat and cold shock)

[ Physical assauits ] Stratum corneum

Microbial assaults

Source: S. Kang, M. Amagai, A.L. Bruckner, A.H. Enk, D.]. Margolis,
A.). Mcmichael, .S. Orringer: Fitzpatrick's Dermatology, Ninth Edition
Copyright © McGraw-Hill Education. All rights reserved.
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BIOGRAPHY OF A KERATINOCYTE

Overview of epidermal layers
Cornification

Keratinocyte adhesion
Desquamation

Epidermal barrier



Keratinocyte adhesion

Desmosomes
o Link neighboring keratinocytes

Corneodesmosomes

° Link neighboring corneocytes

Tight junctions
° Permeability barrier

> Found only in SG2




Desmosome structure

Desmoglea — extracellular portion
between adhered keratinocytes
o Cadherins: desmogleins, desmocollins

Within keratinocyte cell membrane
o Quter dense plaque (plakoglobin)

° Inner dense plaque (desmoplakin)
connects to KIFs

Provides structural strength

Constantly rearranging




Corneodesmosome structure

Corneodesmosin

. . . (@ wmidiine

> Serine and glycine rich e —— -

protein ggm:‘: vig o [

) er plaque LI I 1 i % »
> Forms glycine loops L | o
. : -

> Secreted from lamellar Km""mams: :

bodies | s T

i

o Attaches to desmoglea

o Key to stratum
corneum cohesion

v

®
§



Keratinocyte adhesion

Desmosomes
o Link neighboring keratinocytes

Corneodesmosomes

° Link neighboring corneocytes

Tight junctions
° Permeability barrier

> Found only in SG2




Function of tight junctions

Very close intercellular contacts
o Seal intercellular space

Control paracellular movement of molecules
o Semipermeable size and ion-specific barrier

Tight junction barrier and cell polarity in simple and stratified epithelial cellular sheets

J

Outside T4 Simple epthotium | | Outside T Corniied epidermis
el -«/‘,/_—‘: ':”;:_:;ﬂm |

W — -

L
Stratum
comeum

Ji

Apical

1
Stratum granulosum

Basolateral
membrane

Inside TJ




Function of tight junctions

Occlusion of
. paracellular channel
Perform “fence function” @ Apical membrane
° Restrict molecule diffusion - T T
within cell membrane CELLT %{, )
- Tight junction

Membrane proteins—
Occludin, Claudin-1,

o Demarcate apical and

S Claudin-2
. e, ;
basolateral regions o g
: il \ 7 Actin
»-a F y % ter o
(?) m:::t?ra':eou € - Z0-1, Symplekin
20-2, ZH-6
leaflet Z0-3, Rab3b, Rab8, Rabl3
PKC

Basolateral membrane

Stratum o:anuoem\




Tight junction structure

Transmembrane molecules
o Claudins — critical component
o Occludin
> Junctional adhesion molecules (JAMs)

Intracellular proteins
o Zonula occludens (ZO) proteins
o Interact with claudins, occludin, actin

Create “zip lock” seal
> Holds H,0 in, antigens out




Spatial location of the stratum corneum, tight junctions, and Langerhans cells

Strat:m . Ag uptake
]— Outside of
Stratum = —. TJ barrier
granulosum
Stratum -
— Inside of
Spiostiu TJ barrier
Stratum — :
basale :
Basement —{_ :
membrane :

Source: S. Kang, M. Amagal, A.L. Bruckner, A.H, Enk, D.). Margolis,
A.J. Mcmichael, ).S. Orringer: Fitzpatrick's Dermatology, Ninth Edition
Copyright © McGraw-Hill Education. All rights reserved.
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Basic structure of the epidermis and major epidermal barriers

~ Physical ass
dessication, imtation, UV iradiation, heat and coki shock)

Cell differentiation and continuous cell turnover

BIOGRAPHY OF A KERATINOCYTE

Overview of epidermal layers
Cornification

Keratinocyte adhesion
Desquamation

Epidermal barrier



Desguamation

Lamellar Tight
body junction

Shedding of corneocytes

Scale desquamation
Cornified lipid envelope

. T ey E=— e |ipidbilayers
RegUIated enzymatic SG—{: = N Comified cell envelope wit
Cleava ge Of - " involucrin, loricrin, filaggrin
CorneOdeSmosomeS Keratohyalin granule
. . . i Cytokeratin K1/K10
Maintains epidermal e
homeostasis s
Desmosome
Re moves SB —| Cytokeratin K5/K14
MICroorganisms

)

preventing colonization



Enzymatic Cleavage of
Corneodesmosomes

Enzymes and inhibitors Superficial SC

released from lamellar PH45-63
> Proteases — kallikreins (KLK) - v, Jo o0

and cathepsins

° Inhibitors — LEKTI
(lymphoepithelial Kazal-type-
related inhibitor)

Complex pH dependent
network of enzymes and
their inhibitors Deep SC § e




Selective degradation of corneodesmosomes

Source: S. Kang, M. Amagai, A.L. Bruckner, A.H. Enk, D.). Margolis,
A.). Mcmichael, .S, Orringer: Fitzpatrick's Dermatology, Ninth Edition
Copyright © McGraw-Hill Education. All rights reserved.



Complexity of Desquamation

kallikreins

serine proteases
M
ENaC D
activation
TSLP KLK5 ) ﬂ
~induced
inflammation Kikr
Filaggrin ELA2
occludin * L ﬁ @

PTsing @

PAR 2

KLK14
KLK6,8,10,11,13

cathepsins
cysteine proteases

CAP 1 MT-SP 1
PRSS 8 CAP 3

prostasin - matriptase
cascade




Basic structure of the epidermis and major epidermal barriers

[ Physical assauits |
(dessication, imtaton, UV imadiation, heat and cokd shock) |

D

Stratum -

Stratum -
| granulosum

i;i il
v, P / ; ‘/ ' | < .,
Cell differentiation and continuous cell turnover




Mammalian Epidermis

“outside-in” barrier S
Air-liquid Interface Barrier

Stratum Corneum (SC) |

Stratum Granulosum (SG) e R e s

Stratum Spinosum (SS)

Stratum Basale (SB)

“Langerhans Cell Network”
Immunological Barrier “Tight Junction” “inside-out”

Liquid-liquid Interface Barrier barrier




Thank you! Any questions?
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