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Functions of ECM

D) j’yﬁa‘guﬂ,'fﬂéj ‘s
(1) Mechanical suppori_for Cell anchorage (fixation) + migration
+ Maintenance of cell'polarity. ..o as-r =l
(2) Control of cell growth. R
ECM components can regulate cell proliferation.
(3) Maintenance of cell differentiation. %E’d\iir {:_?’:f P s
Type of ECM proteins affects the degree of differentiation of the
cells in the tissue, acting via cellular receptor of integrin family.

-

(4) Scaffolding for tissue renewal. — () %31 ih Uk s o s apadt al A A2 %
The maintenance of normal tissue structure requires BM for
stromal scaffold.
(5) BM acts as a boundary between epithelium % underlying
connective tissue . bsmut whidanby o<« L'X'@{""M“‘“ < ek

(6)Storage & presentation of GFs like FGF & HGF, both are excreted
&me“d in the ECM in some tissues.
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@O”agen}N wosh abadad plitcia a e ool - (F_J\V\g:;/.o«@;-go)xwd@)

wz}éz Thlsd%s the mo t abundant of the matrix protein, it is synthesized by the

o crty flbrov\_l)lagt\s & osteoblasts—» w( Tos AL 05 & wlio Brosslex,

‘rl‘:" L feXMJ‘ in(C
Collagens are_ that(confer tensile strengt

e collagen s are composed of three separate polypeptide chains braided

e into rope-like . I\W&L@@g@ some of

Colsaon which are unique to specific cells & tissues . ”—“‘f;ﬁ[ jj'fﬁ’g Lﬁ%:&;iﬁ‘?f

Q/tjji < Can be fibrillar collagen like type LII, IIL&V (I /2 /3/5) - infle bove g Jo V51 x
Ebeis Collagen Ejpesi&IIN form a major proportion of the _ in

bll//AP(‘f:j healing wounds & particularlyin scars. plesut in Cutthge — Crlligeh #

1. Thetensilestrengthof the fibrillar _collagen derives from their cross-
;" linking, which i the resultof covalent bonds catalyzed by the enzyme Iysyl-
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That is why individualswith vitamin C deficiency have skeletal deformities.
Other are non- fibrillar & may form :/7%- lisw Cafilge 3 AL "cpm— e~ (3@tu ) o Ult- C V& A
BM (type IV P\ il b (s
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b) orbe componentof otherstructures llke intervertebral discs
P\ epieledmus 2 fpn A3 Wa-‘ /o J
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¢ type IX), ordermal-epidermal ]unctlons (type VII){7)
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Geneticdefects in collagen causes diseases like osteogenesis Imperfecta%

Ehlers-Danlos syndrome. Collgon safed fuie (o A AR
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After physical stress, the ab|I|ty4(P3”f fissue to recoil & return to a

baseline structure is conferred by elastic tissue, especially in the
walls of Iarge®blood vessel (e g aorta,

which must ac@?ﬂ?ﬁé recurrent pulsatile blood flow),
uterus,skin, & ligaments. Morphologically A R

central core Bf surrounded by meshwork o — g ﬁ

glycoprotein . Defectsin fibrillin synthesis leads to weakening of =%

: . ) > )52 B
arterial walls & skeletal deformities likecMarfan’s syndromey . Al
. ulefug /[ skin 2

PROTEOGLYCANS & HYALURONAN gt <ot sese e ol oy
These are highly hydrated compressible gel S B
conferring resilience and lubrication suchas cartilage in
0

— They consistof long polysaccharides, called
glycosaminoglycans , or mtucopolysaccharides ,

(examples are dermatan sulfate & heparan sulfate)

Also serveas reservoirs for Growth Factors s secreted
into the ECM (e. g Fibroblast Growth Factor ).
——————a
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Adhesive Glycoprotein, & Adhesion Receptors
Both are involved in:
(1) cell-celladhesion @ Covbol oF  pelienion,
(2) the linkage between cells & ECM, &  dfuin  vorut
(3) binding between ECM components.
e The adhesive glycoproteins include:
La(a) fibronectin (major component of the

w“%}.’f”inteirj\&/slit\iglECM) , synthesized by fibroblasts
Omono'c es & endothelial cells. Tt

ent of BM).

(b) laminin (major constitu
The , alsoﬁknown as i
CAMs), can




—INTEGRIN\S —— odhegion feseppr.

Are a family of transmembrane glycoproteins thatare the

main cellular féceptorforECM components, like
fibronectins & laminins. Integrinsare presentin the plasma
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Cell proliferation)can be triggered by many
chemical mediators, such as

(1) hormones.

(2) CYtazines, aldh ba e (Esephr) [\ (GFD¥
Y / > J) i) ped XS fesephr) (/) S

(3) growth factors (GF);«*~7—= o«uzw;f B

The first two have many other functions &
are discussed separately.

In this section, we focggn polypeptide GF

whose majorrole is to promotecelbsurvivab &
(0. proliferatiom& which are importantin
regeneration & healing.



Qs (CFYf sy S *
Signaling Mechanisms of GF Receptors -R- (GFR)

The major intracellularsignaling pathways,
induced by GFR are similar to those of many other

cellul%receptor Gthat recognize extracellularligands.

° [ ] F) [ ] [ ] ®
The binding o @to its receptor triggersa
series of events, by which extracellularsignals are
transduced into the cell, leading to the stimulation or

I'epI'eSSion. cl gde e ELP R e 2 s ey (GF) @,@gay}ilé (G‘;gﬁ i;’_@;{*
. .\:,)g|.Q§ %’\"3«\0.\\ ()l/_}‘i’yj
Signaling mayoccur
. . i s s (S F) ks,
(1) directly, in the same cell . Wt s (22
(2) between adjacent cells, sl ekt s (S L3,

e (D N

(3) over greater distances ekl S0 e ot ) (G6) o
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In which a soluble mediatoracts predominantlyon
the cell thatsecretesit. ..} 00 e abso—m ores e
This pathway is important in the
(eg lymphocyte proliferation induced by some

cytokines), & in compensatory epithelial hyperplas1a (e
g liver regeneration).

Paracrine signaling —~ pre-sest Wizt

In which, a substance affect cells in the 1mmed1ate
vicinity of the cell that released the agent.

This pathway is important for recruiting ifflammatory
cells to thessite of infection, and in Woundhealing.
In which aregulatorysubstance, suchasa hormone ,

is released into the blood stream & acts on target cells
atadistance.
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Grawth factor Source Function
1. Epfdermal growth foctor Mﬂwﬂi Fmacrophages-{M2}, his miito .r- es B
(e6F) ol o fadiad, Gindea
keratinocytes migration and
S mulstehyranaiotion Hiase
formation
2. Transforming growth activated macrophages (M2), T It stimulates replication of
factor alfa: { T6F-a ) Wmphocytes and keratinocytes  hepatocytes & epithelial cells

MR SR BT T fibroblasts, stromal cells in the: Enhances proliferation of

fHGF) (scatter foctar) ver and endothelial cells hepatocytes & other epithelial
cells, and enhance eell mobility.

4. Vasculor endotheliol ceft mesanchymal cells (macrophages It stimulates proliferation of

Factor (VEGF) and fibroblasts) endothelial cells & increases
wascular permmeability
{angiogenesis).
TR ST SN S macrophages, mast cells, T it is chemotactic & mitogenic for
(FGF) : mphocytes , endothelial cefls  fibroblasts keratinocytes. it
stimulates keratinocytes
migration , angiogenesis , wound
contraction matrix deposition.
&. Transforming growth platelets , T lymphocytes , it Iz chemotactic for neutrophlls
Factor beta (TGF-8 ) macrophages (M2} . endothelial  macrophages, lymphocytes,
cells , fibroblasts & smooth fibroblasts, smooth muscle celis
muscle cells, and stimulates ECM synthesis
and suppresses acute
inflammation {anti-inflammatary)
7. Keratinocyte growth fibroblasts. !lﬁmmw
factor (KGF) nﬁa‘ﬁﬁﬁﬁn ﬂl’h‘l’h“l:‘i‘ﬂhn and
dﬂﬂmﬁm
R R T platelets , macrophages It is chemetactic to neutrophils ,
Factor (PDGF) endothelial cells , keratinocytes  macrophages fibroblasts &
and smooth muscle cells. smooth muscle celis. Stimulates

the production of extra cellular
matrix protein,




Released from activated macrophages , keratinocytes &
othercells. Itis mitogenic for keratinocytes & fibroblasts

, stimulates keratinocytes migration and stimulates
granulation tissue formation.

Released from activated macrophages, T lymphocytes
& keratinocytes & other cells. It stimulates replication of
hepatocytes & epithelial cells.

Released from fibroblasts, stromal cells in the liver &
endothelial cells . Enhances proliferation of hepatocytes
& otherepithelial cells, and enhance cell mobility.



Released from mesenchymal cells . It stimulates
proliferation of endothelial cells &

increases vascularpermeability.

Released from platelets, macrophaﬁes ,
endothelial cells, keratinocytes & smooth muscle cells.

Itis chemotactic to neutrophils, macrophages,

fibroblasts & smooth muscle cells. Stimulates the
production of extra cellular matrix protein.

Released from macrophages, mastcells, T
lymphocytes , endothelial cells & othercells.
Itis chemotactic & mitogenic for fibroblasts , &

keratinocytes. It stimulates keratinocytes migration,
angiogenesis , wound contraction & matrix deposition.



Released from platelets, T lymphocytes,
macrophages , endothelial cells, fibroblasts & smooth
muscle cells.

It is chemotactic for neutrophils ,macrophages,
lymphocytes fibroblasts & smooth muscle cells &
stimulates ECM synthesis & suppressesacute
inflammation .

Released from fibroblasts.

It stimulates keratinocyte migration , proliferation &
differentiation.
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A Wy ‘~ Regeneration

The relative roles of regeneration & repair
vary between the type o@tissues affected and also
depends on th%ature _the s&Verity & the duration of
the injury.

el by — {ea,w,{alim
| - Type of tissue : b s — fepoie

« ol
The “Proliferative Potential of Different

& thereby, theabilityTof tissues to Fepair
themselves.

The ability of the surviving cells to divide is
the key factor in this response .

e@(Mme' cel —»Elo{o%is
lobile. cells — Nogty (fegpmematvn)
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Saver afbnsis I otchitichlt/s hablild <o i (| 3 102
|- Severity & duration of injury:{m_ﬂwm

Mild injury may be followed by complete
restoration of normal cellulararchitecture ,
especiallyin tissues having labile or stable cells like
skin & liver.

The liver cells have a remarkable capacity to

» O
regenerate .——(Cr)-,2 @ i (L) o) y
5 S A ujév,.w 5.5 sl po ) ez D gz o W ) S B
In experimental animalstp to 9go% of livercan be

removed surgically and the remaining parenchyma
will regenerate to the original mass having normal

cellularstructure & f“n%{g}}\- s

living-donor transplantation in which portion of
the liver is resected from a normal individual & is
transplanted into a recipient with end-stage liver
disease.
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=77 "Patients with liver tumor, treated by partial

hepatectomy, in both conditions thetissueresection
triggers a dramatic, proliferative response of the
remaining hepatocytes (which are normally
quiescent) & the subsequent replication of the
surgical removal of 40% to 60% of the liver, in hepatic
cells.

In humanswhen thereis massive central necrosis
of hepatocytes , with minimal collapse of the matrix
as in viral hepatitis , however, in most cases the
hepatocytes regenerative responses ensure restoration
of the liverarchitecture and function when infection
subsides. w g £H iz U (A) gt = (ol Wupoliic) =S oo X
oiobl Yy 35557 LI 220 (lgurephor) 0P~ S gralald e
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F 66: Regeneration of human
liver. CTS of the donor liver in
living-donor liver
transplantation.

A, The liver of the donor before
the operation. Note the right
lobe (outline), which will be
resected & used as a
transplant.

B, Scan of the same liver 1 week
after resection of the right lobe;
note the enlargement of the
left lobe (outline) without
regrowth of the right lobe.
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amount of fibrosis is quite substantial, the

(e eniotion .
~' in form of fEgeNEratng

tissueasin liver

surrounded by
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It seems that the tendency of chronic
inflammatory process to piodiice excessive fibrosis
is related to continuing production of
macrophages & lymphocytic- derived cytokines

ike interleukin-6<(IL-6) & tumor necrosis factor

NF) & growth factors like HGF "GF & TGF- 6
which act as a mediator of the\nﬁaggcling%?bm
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F 67 : Mechanisms of
tissue repair. In this
example, injury to the
liver is repaired by

regeneration if anly
the hepatocytes are
damaged, or by

laying down of
fibrous tissue
(scarring) if the matrix
is also injured.

Figure 68 : Liver cirrhosis : Liver section stained by reticulin stain
. There are three regenerative liver nodules (double arrow),
separated by broad bands of reticulin fibers (thick arrow) . An
example of healing by combine regeneration & fibrosis which
follows injury to the liver cells & stroma .
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Angiogenesis cells+ vattiontt oy o) 73k o5 gs»w@”“o‘ vesle) op 55 alsc K

Is a process of new blood vessel development from existingvessels
primarily venules .

é’:ﬁ;’ [t is critical in healing at site of injury , in development of collateral
lwlwcirculationatsitesof ischemia,& in allowing tumors to increase in size beyond ‘

asi the constraints of theiroriginal blood supply . e vissue g (15Chimia) > o e Argyoqmesis Ly +
by Rbfesss \lsctedyed Comat cals 753 Ve | T ol iedtonatd 428 2 (=

Steps of angiogenesis include : (I iy gt Vel 5
occuring in response to &?nduced by

, = s
. C Mg-' 2 _Migration of proliferating endothelial cell§of;‘:)m pre-existing blood vessels
v Y .fvtowards the area of tissue injury forming solid tube .

DE jF: 3 Remodelling of proliferating endothelial cells into capillary tubes attached to
i)ﬁg ob‘g}e lumen of the pre-existingvessel .

JEAVIRTES o
qourk 4 Recruitment of periendothelial cells (’f)griéyfe’;) & smooth muscle cells
fachr around the new capillaries. -

%€ 5 Suppressionof endothelial cells proliferation & depo Cﬁu‘m:{ of basement
=

g’DIJ vessi w
oo J"fhembrane . Swioth wus o
&S = pondt

Tube

1
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Lwiolved in ompiogoesis. e



A. Angiogenesis by mobilization o EFUS rom the bone marrow

EPCs 7? Capillary plexus

Mature network
marrow | .

B. Angiogenesis from preexisting vessels

Capillary
sprouting

Figure 69 :Diagrammatic demonstration of steps of angiogenesis .



Here, we specifically describe the healing
of skin wounds. ® ol S5

As it involves both epithelial regeneration
& théformation of connective tissue scar, 1t is - &
thus illustrative of the general principles that "
apply towound healing in all tissues.

Healing of skin wounds : Either

L. Healing by Primary intention.
( Primary union) Or
II. Healing bysecondary |
intention ( Secondary union)



Healing by Pfiffarylitention > >

Occurs in ar%j.lninfec%%d clean sterile e

wound withouttissueloss asin sumgieak- ", 7.
imcisiomapproximated bysurgical sutures .
vl The incision causes only focal disruption

¥+ (loss of continuity) of elpit elial BM & death of
~ relatively few epithelial & connective tissue

cells. . e 5 45»—. O s
As aresult, epithelial regeneration

predominates overfibrosis.

A small scaris formed , but there is
minimal wound contraction.




When an incision is made in the skin &
Plop kol S5 O v’ Jy!
subcutane%s tissue , blood escapes fiom the cut

vessels, it clots on the wound surface & fills the gap

between the wound edges , which is narrow in

sutured wound . (Do Sl i ok & s

Within neutrophils are seen at the
24 hOUr:

incision margin, migrating toward the fibrin clot.

This is called traumatic inf lammator}f rez onse
wadof b& SN 24 l«w AR )

Mean whilé“the B¥%al cells at the cut edge of the
epidermis b$1n to exhibit mitotic act1v1ty

s pm\‘—@»fwn NS

Within 240 48 hours , epithelial cells from both
edges have begun to migrate & E;'o\llff_e\r;\ate along the
dermis, depositing basement membrane

o
components asthey progress . Lo Jo.a o ytW A=
W’J 63(0!’&//040“ \PP\/ \’“"'2 e/() D{Z/JMZ\



botal 3.
, -z\The cellsmeet in the midline beneath the

——~——

Sca 0 ot
«s“surface scaly,yielding a thin but continuous

T e T

>~ épithelial layer .The basal cell proliferation stops

o by(contact INhiDition) .6 ) Loydes baidyi 1 s badatsd pifcin s x
e JS e 2l

By da neutrophilsLﬁgve been largely
re iaceg % - ;

y macrophages ~ , followed by
wspangiogenesis & granulation tissue , which consists
of proilferatmg capillaries & fibroblasts
progressively invades the incision space

&2 Collagen fibers being layed down by the
"%Qqéj;,fﬂalml)_v_,Lag\s are now evident at the incision margins,
¥ but these arevertically oriented & do not bridge
the incision . Loy cddiva o
5> Epithelial cell proliferation continues,
> wyielding a thickened epidermal covering layer.
epidefnas.
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By day 5,angiogenesisreaches its peakas granulation #Galagn Tbims

tissue fills the incisional space & collagen fibrilsb«~ <

become more abundant & begin to bridge the incision.
Ul als = \,«-3&,5’&7
as
differentiation of surface cellsyields a mature epidermal

< o ° ° ° - 5) ’ 4\’._‘,:\ et bﬂ
architecture with surface keratini tlon.»sf‘;ﬁ‘,@f-’i" 2o el e R

During the second week £ 1 . d = 2y /‘é\)gf =

- Z
There is continued collagen accumulation & fibroblasts o
proliferation. The WBC infiltrate, edema, & the G—Yﬁ—fascularitx Mﬁ'«

are substantially . The long process of "blanching*®

(pallor) begins, accomplished by: collagen deposition within

the incisional scar & the fégression of vascularchannels .- ﬁ*ﬁ“"f;ﬁ
By the end of the first month the scar comprises acellular

connective tissue, devoid of inflammatory cells & covered by

an essentially normal epidermis. Sonr 31355l Cologame. Y (temodilin ) $20 %

Hair follicles & sebaceous glands whichare destroyed in

the line of incision are permanently lost. N
> AU AN R ao N 5N XK 2 2 ) N >\ s N R




HEALING BY FIRST INTENTION HEALING BY SECOND INTENTION ~ Glouwulokion | $car Hss""ﬁ
e Scab SR _Fhablost T | i Lobfagt |
e copungoatia T | g 1
{ iy W e | BED,
24 hours : - : '.. = Clot ~ - Qpilerien f B (aP.'(awe/sl
™ G T
' F 70: Steps of
wound healing
.' 5 - witoses : -‘ \: by first
RN tovea DN G second intention
a 7 (right).
In the latter,
note the large
amount of
Weeks | Firous union = ws — granulation
e > g tissue & wound

© Elsevier. Kumar et al: Robbins Basic Pathology 8Se -

www.studentconsult.com

contraction.



F 71: Phases of wound healing Figure 73 : Healed wound: Cornea . The healed wound is visible
as a ‘gap’ in the stroma, filled with a connective tissue & many

fibrocytes (double A), the epithelium covering the gap in it (thin A) is

much thinner than the normal epithelium on each side of the wound.

i : Wound ¥
contraction J.-"
Granukation i i
tizsua o
A Collagen
= accumulation
Inflammation ,"r Remodaling
-
i"rF
s r'l-II
1 T T T T T
0.1 0.3 1 3 10 30 100
Drays

i Ermsss sjrey @ @ bpmewy fuas Feemiogs be s MEisErprasn cem

Figure 74 : A, Granulation tissue showing numerous blood vessels,

edema, & a loose ECM ; minimal mature collagen .
B, Trichrome stain of mature scar, showing dense collagen{blue) with

only scattered vascular channels.

b P g —

Figure7z :Healingof surgical wound by primary intention or

!

unon .
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(3t 5% Rl
. Q) .
When or tissue loss is more extensive,
as in Infarction, Abscess, Ulcer or Lajrge
wound, the repare?tive process is more
complex.

The regeneration of parenchymal cells
alone cannotrestore the original architecture,
therefore, there is an

from the wound margins,
followed by ECM accumulation & scarring.

This is called



)oY g | o _— | |
. laspectst

(I) A* orscab rich in fibrin and fibronectin

formsat the surfaceof thewound.

IRflammationismoreintense because large

tissue defects have a greater volume of necrotic debris,
exudate , and fibrin that must be removed .

Consequentlylarge defects havea greater [potentiald

forsecondary inflammation - mediated injury .

Larger defects requiregféatervolameofs
h to fill in the gaps & provide the

underlying framework for the re growth of tissues
epithelium . A greatervolume of granulation tissue
generally results in a greater mass of scar tissue .




m

(4) Secondary healing involves wound contraction

Within 6 weels large skin defects may be
7 %‘\’ﬁluced to(5%-10%) of their original size
wlargely by contraction .

This process is due to the presence of
myofibroblasts, a modified fibroblasts exhibiting
many of the ultrastructural & functional features
of contractile smooth muscle cells.
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Figure 75 1 Healing by secondary intention of a large wound with
EXCessive [issue necrosis,
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Figure 76 :Healing of skin wound b

Figure 77 :Healing by secondary intention : showing
a large irregWar.




Wound Strength — 8 ¥ 36y dyg. 350

Carefully sutured wounds have approximately
of the strength of unwounded skin, largely because of
the placement of the sutures.

removed r one week, wound
stren of that of unwounded
skin, butt T ly during the nexts , uigiss

10

suble. NAB 0 W07 I X 2079 (shirle) 5 ,» Az
. Mo orh= S ) 053 A=l |
The recovery of tensile strength results from:

Y g@Collagen synthesis exceeding degradation during
v:j)\

= X

, & from

f.z)st.ructur.al modifications of collagen (e . g cross-
inking & increased fibersize) when synthesis
declines atlater times . +prs L ip f

Q):;\

Wound strength reache
months , butusuallydoesno

point. PR ETIy
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Factors that cause delay of healing process :

In wound healing, normal cell growth & fibrosis may be
altered byavarietyof factors, frequently reducing the
qualityor adequacyof the reparative process:

is the single mostimportantcauseof delayin
healing;)by prolonging the inflammation phase of the
process, & potentially increasesthe local tissue injury.

has profound effects on wound healing, for
example protein deficiency & especially, vitamim€
deficiency, inhibit collagen synthesis & retard healing.

— w/?/ﬂé‘ orrl o) Q"DL;’ - .
(steroids): have well-documented anti-

inflammatory effects, & theiradministration may result in
poorwound strength owing to diminished fibrosis.
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suchas increased local
pressure or torsion may cause wounds to pull
apart (separate), or dehisce (e. g abdominal
wound dehiscence after laporatomy).

,dueeitherto

atherosclerosis (which reduce arterial blood
supply), or to obstructed venous drainage,e.g
@Q%aricose veins, both impairs healing.

such as fragments of steel (e. g

gun-shot, glass, wood, or ev/en\bcﬁlg, impede
(delay) healing process .




Healing wounds may also generate excessive
granulation tissue that protrudes above the level
of the surrounding skin & in fact, prevent re-

epithelialization. This is called exuberant
granulation, or proud flesh. ‘%\
Sometimes, the accumulation' of excessive

amounts of collagen can give rise to prominent
raised scars known as Keloids, more commonly
—_— <

seen in blacks :
;\79/‘\ 0/_’\_‘&‘ C/)}> %




F 7B: Keloid, . ; i i i
&, Excess collagen depasition in the skin forming a ralsed scar known Figure 80 : Keloid ina healed wound in the Skin.

as a keloid. B, Thick collagen deposition in the dermis { pink color]. The epidermis Bdermis (thin arrow) appear normal, but the

deeper dermis & subcutaneous i _IIF'. Are r:-pl. ced by wery broad

tlll{l: 'l:. L

SR

[ ‘Dt Wi o8 - Bobbori B l.'l'ﬂ.l.'r 1 - o e il on

4.5 Keloid
Figure 7g : Keloid .

.12 Granulating burn

Figure 81 : Exuberantgranulation tissue .



Figure 82 : Foreign-body granuloma : healed wound of skin ,
showing granulation tissue, consisting of (1) large & greatly dilated
capillaries, (2) lymphocytes & plasma cells, (3) fibroblasts (thin

row), (4) very lamﬂiﬂn”ﬁfcﬂhﬁtﬁ@:utml.
(thick arrow | from original surgical incisio
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Figure 84 : Healing of diabetic skin ulcer.

F 83 : Large old
kidney infarct, now
replaced by a large

fibrotic scar.
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