Connective tissue

1. Connective tissue -
terminology and classification

2. Cells of the connective tissue
3. Extracellular matrix:

v ground substance

v' protein fibers

4. Connective tissue proper:

v loose connective tissue
v dense connective tissue
> regular

> irregular

5. Mononuclear phagocyte system



v’ cells of mesenchymal origin
v extracellular matrix
attin

= connective tissue features: oje|o fo |

v' interior location -
never found at the surface

v’ cellular polymorphism

v’ abundant amounts of
extracellular matrix -
determines the species
diversity

v' absence of cell polarity

v' high adaptive and
regenerative capabilities

v metaplastic abilities

v specialized structures:
> intracellular
> extracellular

/ ' N

NB: most abundant of the basic tissues — Y2 of fhe human body mass
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el ' Functions of connective tissue
! ) R

£ 27 v binding together other tissues in the formation
2k of organs — capsules

v' structural support (mechanical role) — bones,
ligaments and tendons

v nutritive role (homeostasis) — blood

v defensive functions (barrier and immunologic -
P N R antibodies)

Osteon

'
o i
(Haversian 3
system) =~z
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ir . r‘
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N =
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o Chondroitin
@) (@) sulfate matrix

Loose connective tissue Nuclel of 5@
fibroblasts

Fibrous connective tissue
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» synthesize and secrete
the extracellular matrix

» regenerative and repair
abilities

v defense cells:

v pigment cells:

» presence of
specialized structures

Adipocyte
Osteocyte Osteoblasts Chondrocytes Chondroblast (fat cell)
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> fibroblasts, chondroblasts,
osteoblasts, odontoblasts

> fibrocytes, chondrocytes,
osteocytes

v Undifferentiated
mesenchymal cells — stem cells
@eg®s. v Nutritive cells:
5 Y > lipocytes (adipocytes, fat cells)

e unilocular
e multilocular

Fibroblast Lipoblast

Fat Droplets

Lipoblast

— in TR
Weight ga 0 /
: # ' ﬁ ()‘y . ‘
=  Weight loss
< Immature fat cell Mature fat cell Cell swollen with fat Multilocular Unilocular

adipocyte adipocyte
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> fixed (histiocytes) = tissue macrophages
» migrated macrophages = dendritic cells

v plasma cells (plasmocytes) -
differentiation from B-lymphocytes

» produce antibodies (immunoglobulins)

v" mast cells (mastocytes, Gr. masto, I feed) — e
metachromasia:

» connective tissue mast cell - heparin, ECF-A, SRS-A

» mucosal - chondroitin sulfate
» primary and secondary mediators
» immediate hypersensitivity reactio
- anaphylactic shock
v" blood cells:
» granulocytes
e neutrophilic - microphages
e eosinophilic
e basophilic
> lymphocytes

Vesicles

Antibodies
attach to
mast cell

Mast cell with
histamine granules
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v melanin-containing cells:

» melanocytes - dermis,
choroidea, meninges

» melanophores - skin
v chromatophores:
» chemosiderophores

eumelanosome

> lipochromophores

Pigment granules Nucleus Cytoelastic
\ oo /Ssacculus

~ 7‘.-?..77-"
— % \ " 5_1 g! J { x " .)\'L 4
Prima s “Q ﬁ! N | N7 D, .
ary . (> S - Dendrite
Infoldings Y T &CY 5 SN \
and Pouches & '.p*,, | )
——— s -

Premelanosome

Mitochondria R muscle
Muscle cell

Melanocyte
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~++ Functions of connective tissue cells
Connective tissue cells & functions

Fibroblast (res) ECM production/structural
Macrophage Phagocytosis/defense
Plasma cell Antibody production/immuno
Mast cell Chemical mediators/defense
Adipose cell (res) Fat storage/energy, heat
White blood cells Immuno & defense

lymphocyte, neutrophil, basophil, eosinophil (later lecture)
Reticular cell* (res) reticular fib/delicata.sunrort
Mesenchymal cell*(res) precursor to CT, mainly embryo

Table 5-1. Functions of Connective Tissue Cells.

Cell Type Representative Product or Activity Representative Function
Fibroblast, chondroblast, |Production of fibers and ground substance Structural
osteoblast
Plasma cell Production of antibodies Immunological (defense)
Lymphocyte (several Production of immunocompetent cells Immunological (defense)
types)
Eosinophilic leukocyte Participation in allergic and vasoactive reactions, modulation of mast cell activities and the [Immunological (defense)
inflammatory process
Neutrophilic leukocyte Phagocytosis of foreign substances, bacteria Defense
Macrophage Secretion of cytokines and other molecules, phagocytosis of foreign substances and Defense
bacteria, antigen processing and presentation to other cells
Mast cell and basophilic Liberation of pharmacologically active molecules (eg, histamine) Defense (participate in
leukocyte allergic reactions)
Adipose (fat) cell Storage of neutral fats Energy reservoir, heat
production

Prof. Dr. Nikolai Lazarov e



e e e e e S e e i i e S
- -

v amorphous substance
(ground substance,
tissue fluid)

v connective tissue fibers -
protein fibers - types:

» collagen fibers
> elastic fibers

> reticular fibers

e
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component of the matrix:
v viscous, gel-like

v highly hydrated

v transparent

v’ colorless complex mixture

= molecular components: LZ=S

v glycosaminoglycans
(acid mucopolysaccharides)

v proteoglycans

v structural glycoproteinsjis

- tissue fluid
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disaccharide unit:
v' non-sulfated - hyaluronic acid

v’ sulfated:

» heparan sulfate
> chondroitin-4-sulfate
> chondroitin-6-sulfate

> dermatan sulfate

> keratan sulfate

Table 5-1. Composition and distribution of glycosaminoglycans in connective tissue and their interactions with collagen fibers.

W54 B3R+ 3P4 3 B4<S A3l B4S 13

Hyaluronan (HA)

4s6S
E]B“QB3 [:IB4Q133|:IB4083 l:IB‘iQB3 [:IB“QBS

Chondroitin sulfate (CS)

6S 4s 4S 48 4S
WA P4 @olifigos R4 o p4SH3
Dermatan sulfate (DS)

6S 6S
I0t490t4IG4QB4IG4QB4IO!4®0¢4.&4QB4
NS 2S NS

Heparan sulfate/heparm (HS)

6S 6S 6S 6S
IB3O[34IBSOB4IBSOB4IBSOI34IBBOB4

Keratan sulfate (KS)
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I glycosamlnoglycans - long unbranched
polysaccharides consisting of a repeating

CORE
PROTEIN

H

i

i3

- il /
7 Y 2t
»!

& __KERATAN
L ¥ SULFATE

]
—SUBUNIT
H

\
¢ HYALURONIC
| ACID

f CHONDROITIN
SULFATE

LINK PROTEIN

PROTEOGLYCAN
AGGREGATE

Repeating Disaccharides

Electrostatic Interaction

Glycosaminoglycan Hexuronic Acid Hexosamine Distribution with Collagen
! b ) Glucuronic acid o-Glucosamine Umbilical cord, synovial 2 el
Hyaluronic acid o e '
cartitage
4-sulfate o-Glucuronic acid o-Galactosamine | Cartlage, bone, comea, | High levels of interaction,
Chondroitin oy : ' el <
|
Chondroitin 6-sulfate o-Glucuronic acid o-Galactosamine Cartilage, umbilical cord, | High levels of interaction,
skin, aorta (media) r:wnty with collagen type
|
Dermatan sulfate L-iduronic acid or o-Galactosamine Skin, tendon, aora Low levels of interaction,
D-glucoronic acid (adventiba) mainly with collagen type |
Heparan sulfate o-Glucuronic acid or o-Galactosamine | Aorta, lung, liver, basal Intermediate levels of
L-iduronic ackd laminae interaction, mainly with
coliagen types Il and IV
Keratan sulfate o-Galactose o-Galactosamine | Comnea T
(comea)
Keratan sulfate o-Galactose o-Glucosamine Cartilage, nucleus
(skeleton) pulposus, annulus
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substance

i o = -a— Keratan sulfate
proteoglycans - glycoproteins N Livageroger
that are heavily glycosylated: ) ~%— Chondroitn sulfate
. Proteoglycan subunit
‘/ a COre proteln 1 pm proteoglycan aggregate
r. 1

v’ one or more covalently attached
glycosaminoglycan(s) - 80-90%:
» heparan sulfate

Syndecan » chondroitin-4-sulfate
@m » chondroitin-6-sulfate
momavens > dermatan sulfate
¢ > keratan sulfate

2,
N7/ score protein
"r/f’ 1]

hyaluronan =15
molecule 3
(GABG)

= extracellular matrix

i
proteoglycans: e
v/ aggrecan
e v perleqan
S s v decorin
v biglycan
s " Cell-surface proteoglycans:i: '
v’ syndecan
v fibroglycan
MR v glypican
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m
proteins that contain oligosaccharide
chains (glycans) covalently attached
to polypeptide side-chains: QA
v' a protein moiety - predominant 0

\)

&

[ Collagen binding

v’ attached carbohydrate ﬁ (3 Gt binding
. . S5 [l Heparan binding
> fibronectin (Lat. fibra, fiber + s$
nexus, interconnection) T
» chondronectin ) _chaina

> laminin

Proteoglycan
Heparan \ Collagen
sulfate B
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Tissue fluid

tlssue fIUId - 10-12 | (60-70% of the matrix):

v similar to blood plasma

v’ contains:
> plasma proteins of low molecular weight
> ions and diffusible substances

v hydrostatic and osmotic pressure = edema

L mml‘ml
[ RMONC BRES 0 lm

Lymphatic l
‘ capillary
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v collagen
v’ elastic
v reticular

’/N "

y,". i Nl l
' :

,-‘ Elastic fibers ')

Collagen fibe

NB: in many cases, the predominant fiber type is responsible
for conferring specific properties on the tissue!
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A single collagen molecule

> - fibra Co//agenosa Gr. kolla, glue

v' most abundant (30% of dry b.w. ) T et
low elasticity - 5% ‘ W;{‘ 58 = o
strength - sustain 500 kg/cm? « , o A\ .

acidophilic collagen fibers - 1-20 um thick
collagen fibrils - 0.1-0.5 pm in diameter
collagen microfibrils - 50-90 nm; 68 nm periodicity

collagen molecules - molecular mass 360000 Da
«# Lacunar region-; ; Overlapping region

o Collagen
> ‘ k-| —
= collagen: 0=~ ——— <
y — — — Bundle of
~ tropocollagen - Y omr—rye— S
280 nm/1.5 nm s === (5] -
=

) . Collagen fiber
» 3 subunit a-polypeptide ® ==———— ————

chains - triple helix
» amino acid content:
~ glycine (33.5%) EE S %
» proline (12%) ' Collagen fibril

r d
~ hydroxyproline (10%) Lacunar region -3+ £ Overlapping region (about 10%
/ ' ¥ of collagen length

: » hydroxylysine ¢ _of colagen ength)
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€

f . Steps of collagenogenesis:

v" intracellular synthesis - rough ER

~ hydroxylation of prolyl and lysyl residues

~ glycosylation of hydroxylysine

~ pro-alpha chains = procollagen molecule

v’ secretion = exocytosis

v extracellular assembling:

~ propeptide removal = peptidases
~ tropocollagen - telopeptides

Fibrcbiast TFETET
A Lo o o {} v ‘_.'
() _.-’ﬂ ¥, (:"n
: £
R 7 flough
%, o red u?‘c
N \\. /.‘
..‘\T\ ’-"./.
DNA transcption — e ~
mA P-l;l:da;t’: as the
Feahic achan ‘
corfigurancn 7 R 3 from the fitrotl st
Hydromyiation I / — Tamnal peptides
0COUIS On the A / | g removed by peptidasee
nbosome (with G,),/ P —i |I e
/ /_/ \\\ l \ .’/,.« N . Trepocaliagen signs
Trarefer RNA adds i \| \ \ .~ by hydrogen bonding
pealic amino acds | F I /f
duning transport tothe \ E - - -H|
e o N / /  Sablecceslinks
’J'_;»\ A Y, /  wsfumed
Pd;pemgsmarc aggag:de L 5k 2 R
e o Tropocciagen Adf'ﬁ'gﬂscn o
P i én fibeils
Joned by galactoes " — ~
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Gal-Glu

.U Transfer
i vesicles

\f\r\/\
A -—//\\,._

.t

Formation of mRANA for each type of « chain.

¥ (Synthesis of  chains of preprocollagen with
registration peptides. Clipping of signal peptide.

¥ ..'\/"\'\H._ [Hydroxylalbn of specific pmlyi and |ysy1 residues

oH [Aﬂachmsnl of soluble galacmyl and glucosyl to
specific hydroxylysy! resid

)
)
J
)

OH Gal-Glu

y of procollag (triple helix).

(
[Terrn'nal propeptides

[Trar\spon of soluble procollagen to Golgi complex.

)
)
)
J
J

g . ing of soluble p
—— Golgi [ n secrelory vesicles.
Centrioles
. Secretory y vesicles and
87 vesicles micr
molswlas to cell surface
O Extracellular
\ environment
\ Procollagen
Di of i to
o t P 1 space. Proooliegen peptvdases cleave most ofthe
id: which
aggregaws to lorm collagen fibri rils.
BXOESLE &
Collagen

Fibrillar re is reinforced by the formation of
link

yzed by the enzyme lysyl oxidase.

|
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Collagen types

28 types of collagen:

Table 5-3. Collagen Types.

Molecule
Composition

Type

Structure

Optical Microscopy

Representative Tissues

Main Function

Collagen that forms fibrils

I (1 (D], [«2 (D]

no |l (],

300-nm molecule, 67-
nm banded fibrils

300-nm molecule, 67-

nm banded fibrils

Thick, highly picrosirius
birefringent, nonargyrophilic
fibers

Loose aggregates of fibrils,
birefringent

Skin, tendon, bone, dentin

Cartilage, vitreous body

Resistance to tension

Resistance to pressure

m |l (10)],

67-nm banded fibrils

Thin, weakly birefringent,
argyrophilic fibers

Skin, muscle, blood vessels,
frequently together with
type |

Structural maintenance in
expansible organs

Vv (x1 (V)l3 390-nm molecule, N- Frequently forms fiber together |Fetal tissues, skin, bone, Participates in type I collagen
terminal globular with type | placenta, most interstitial function
domain tissues

X1 [feed (XD)) [ex2 300-nm molecule Small fibers Cartilage Participates in type II collagen

(XD)] [ee3 (x1)]

function

Fibril-associated collagen

ix |[el (IX)] [@2 200-nm molecule Not visible, detected by Cartilage, vitreous body Bound glycosaminoglycans;
(1X)] (&3 (1X)] immunocytochemistry assoaated with type 1l collagen
x| el (X)), Large N-terminal Not visible, detected by Embryonic tendon and skin |Interacts with type I collagen
domain; interacts with |immunocytochemistry
type I collagen
Xiv (=1 (XIV)], Large N-terminal Not visible; detected by Fetal skin and tendon

domain; cross-shaped
molecule

immunocytochemistry

Collagen that forms an

choring fibrils

vir  |[=1 (VID],

450 nm, globular
domain at each end

Not visible, detected by
immunocytochemistry

Epithelia

Anchors skin epidermal basal
lamina to underlying stroma

Collagen that forms ne

tworks

v fee1 (IV)), [x1
(1v)]

Two-dimensional cross-
linked network

Not visible, detected by
immunocytochemistry

All basement membranes

Prof. Dr. Nikolai Lazarov NB: collagen = 25-30% of all proteins in the human body 18
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Retic_:ula

&

) y
-

) " % 0 f K, -
0 -\ 3 ey
> I - o T 0-'5'
o) T B - e
i o} . b e o
: - b/ale T A/
. .“ 1 b ‘ o . iy © y ¥

J &

S=. v extremely thin - diameter 0.2-2 ym P 24 L5~
v form a network (rete = network) ("" B[, O
v’ resistant to acids and trypsin : I ‘
v' PAS-positive - carbohydrates .
v argyrophilic - selective affinity for siIver',__. =
salts (Gr. argyros, silver + philein, to love) S

v 68 nm periodicity 3

v’ content:

> collagen type III

* rich in cystine,
Eoor of proline and
ydroxyproline

* 6-12% hexoses
» glycoproteins
» proteoglycans

v build up the reticular tissue:
» framework of hemopoietic organs |

g > smooth muscles, endoneurium
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‘ f"'- ‘\/thinner — diameter 0.2-4 um "B
- v highly resistant to tension - 150%|.

v lower force of strain -
sustain 20-30 kg/cm?

v’ resistant to boiling, acid and alkali
extraction, digestion by proteases

v’ selective staining -
orcein, resorcin-fucsin

v content:

e glycine and proline
e desmosine and isodesmosine
(4 lysine residues)

» microfibrils - 10-12 nm Single elastin molecule
e polar amino acids / Cross-link
e absent OH-lysine and -proline

e fibrillin ~5%

e fibromoduline I and II
e 0.5-2% proteoglycans

Stretch Relax

e

Prof. Dr. Nikolai Lazarov
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3 types of fibers - stages of development:

v' oxytalan fibers - 10 nm (Gr. oxys, thin)
» fibrae zonulares of the eye
» dermis ?
» glycoprotein-containing microfibrils (fibrillin)

v' elaunin fibers (Gr. elaunem, to drive)
» around sweat glands, dermis
» aorta

» elastic cartilage
» secretion of proelastin

v' elastic fibers:
» centrally - elastin
» peripherally - microfibrils

Elastic Fibers Elastic Network Elastic Membrane

2R e R g
"::i . ; .u-!:_'o.._g 28w a
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’, Classification of connective tissue

mast cell
macrophage
plasma cell
adipocyte
hbroblasl

\” ,/)"

elastic fiber
reticular fiber

.....

collagen

Dense Regular Dense Irregular

chondrocyte — chondrocyle elastic hber
' V/’:" - 2
%@@% L Lo
Q@ '

Classification of Connective Tissues g 2on ,%" ‘@
<

Embryonic Connective Tissues HyeRne Cortinge Fibrocartiage
Mesenchymal connective tissue OHASEIER
Mucous connective tissue

Adult Connective Tissues (Connective Tissues Proper)
Loose (areolar) connective tissue
Dense irregular connective tissue

. . platelet
Dense regular connective tissue CR(OD% ; Mhmm_/.
@ Elastic connective tissue PO OD@e0€ Soubiooyie @

osteocyte

} osteon

Spongy Bone

%_ Adipose connective tissue b {ﬁ; O macrophage
. Reticular connective tissue Blood iohagyte Lymph
Connective Tissues
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<« Classification of connective tissue

Connective tissue Connective tissue with Supporting connective
proper special properties tissues
Loose | Adipose tissue Cartilage
Dense -
— Elastic tissue Bone
Regular =
Hematopoietic
— (lymphatic and myeloid)
Irregular -
g — Mucous tissue
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text onnectivus fibrosus laxus:

v’ most widespread type of connective tissue
v' cells and extracellular matrix:

i+ elastic ; . . ”
A fiber v fibers: LN (SRR
= \ 4 - e /N Lymphocyle) sulstance
collagenous fibers > collagen o i ;-’Lw\E:.f Ea J'{,\."f?'l:itloaas:u'-h
) ,‘ | { 5,-‘:. Py ! ) 1 M/ Colagen "nr_ne;,”
> elastic s @MYL e P
fibroblast Wiy~ SN “v]‘“’u > AL 5N 49
> reticular @ QL Wt s
@\“\ . :_)" :& .‘--ﬁ’/ o ’@
v' amorphous O 3"’3 w &4
TYPE: Loose = — < AL X AN
round substance ey L 0 S
COMMON LOCATIONS: 9 N B AN
Under skin, most epithelia Newaoht Sl },.;M” 3 ii‘*‘a""” -
g Plasmacel” S/ /F % neficular 00— P/
FUNCTION: Support, elasticity 5B, B e |\ % ¥4
e, .'.’f‘{:’a“.}“ f \ l/ Copllay t——71W \

= (Cells - productive, nutritive and defense:

v proper (fixed):

> fibroblasts and fibrocytes

v free:
» macrophages (histiocytes) - phagocytosis
> plasma cells - unmature and mature (Russell bodies) gl
» mast cells
> leukocytes - granular and agranular
» melanocytes
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textus connect/vus fibrosus compactus:

v widely distributed - resistant to stress
v ceIIs and extracellular matrix - collagen fibers

NS N N 5 e e R T e Y.
hil% collagenous fibers [-*. \\‘ S & 3‘ 3 ;—-.:“t e,
‘:"...- ) — 2 < ﬁ\‘ L \__‘:__'-_-:"_t‘,-
e e \ '.\.."_*‘ ‘ L_( ) v, =N 3 - "i-,
| B 2 "'ﬁ__‘ - A \ - ,\ = \\ > l\:
~—— D.&:e lrregula’rconnecﬂve‘ﬂssue : ‘:.ﬁ
fibroblast P SR e S
- £ . AN ) \ ~ R g <l gl
\ s, X ; \ "\.:\: e & : ‘-L‘ ; \i‘t
‘ “ - ' ) ~ N x;“ ‘:\ - o2
e N -~ ~ ! -t
PRy o ‘\\ﬂproblastnuc!élw-\\\\‘ : S -‘:--
TYPE: Dense, regular NS AN TN S R
"] - - v - -“ - : y...__e:_‘_ﬁ_'.

COMMON LOCATIONS:
Tendons, skin, kidney capsule

FUNCTION: Support, elasticity
= Cells - relatively few:
v fibroblasts and fibrocytes
= Types:
v' dense irregular connective tissue:
> sclera
> reticular layer of the dermis
» capsules of the organs
v' dense regular connective tissue:
» tendons
> ligaments

> parallel, closely packed bundles of collagen
> fibrocytes = alar cells
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v widespread distribution - aponeuroses and fascia of
the muscles, dura mater

= Cells - relatively few:
v’ fibroblasts and fibrocytes

= Intercellular matrix:

v numerous collagen fibers

v’ |lesser elastic fibers:
> layers
. > lamellae
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Aschoff, 1924
v Synonym: Reticulohistiocyte system
Table 5-4 Components of the Reticuloendothelial System

Sinus lining macrophages
Lymph sinuses
Blood sinuses

Karl Albert Liver (Kupffer cells)
Ludwig
Aschoff Spleen

(1866-1942) Bone marrow

Adrenal cortex

Anterior pituitary
Microglia (central nervous system)
Reticular cells of lymphatic tissues
Tissue macrophages (histiocytes)
Blood macrophages (monocytes)
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Mononuclear phagocyte system

MONONUCLEAR
PHAGOCYTES

: Macrophages in different organs

FUNCTIONAL .

-5 Derived from stem cells of the bone marrow

PART I, II . . u

Intense phagocytic activity
RALPH VAN o -
FURTH Activity mediated by Igs or serum complement
Characteristic morphology
irregular surface, well-formed Golgi,
RER, many lysosomes

Generally long-lived cells

Includes: macrophages of CT, lymph nodes, spleen, lung, serous
cavities, Kupfer cells of liver, osteoclasts of bone, microglial cells

e
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» Ludwig Aschoff, 1924
v Reticulohistiocyte System (RHS)

v Mononuclear Phagocyte System (MPS)

> Van Furth, 1969 1866-1942

Table 5-2. Distribution and Main Functions of the Cells of the Mononuclear Phagocyte System.

system

Cell Type Location Main Function

Monocyte Blood Precursor of macrophages

Macrophage Connective tissue, lymphoid organs, |Production of cytokines, chemotactic factors, and several other molecules that participate
lungs, bone marrow in inflammation (defense), antigen processing and presentation

Kupffer cell Liver Same as macrophages

Microglia cell Nerve tissue of the central nervous Same as macrophages

Langerhans cell

Skin

Antigen processing and presentation

Dendritic cell Lymph nodes Antigen processing and presentation
Osteoclast Bone (fusion of several macrophages)|Digestion of bone

Multinuclear Connective tissue (fusion of several |Segregation and digestion of foreign bodies
giant cell macrophages)

€
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to be continued ...
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