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Connective tissue fibers

There are basically 3 types of fiber structures

• Collagen Fibers

• Reticular Fibers

• Elastic Fibers



Collagen Fibers and Fibrils

• They are the most common type of fibers in connective tissues.

• They are flexible, they are also tensile resistant.

• Under light microscope they observed wavy, indeterminate length and 
in variable thickness

• Stained with eosin and other acidic dyes

• Stained with aniline blue in Mallory connective tissue dye,

• Stained in light green in Masson dye



• When examined with the TEM, collagen 
fibers appear as bundles of fine, threadlike 
subunits. These subunits are collagen fibrils 

• The diameter of the collagen fibrils may be 
from 15 to 300 nm thick, depending on the 
type of tissue.

• When the collagen strands are stained with 
osmium for TEM examinations, they show a 
transverse band sequence at 68 nm, along 
their length.

• Due to the structure of the collagen 
molecule, this band sequence can also be 
observed on Atomic Power Microscopy.



The collagen molecule

• Formerly called tropocollagen.

• Unit molecule measures about 300 nm long by 1.5 
nm thick and has a head and a tail..

• Consists of 3 helix-encoded polypeptide chains = α (alpha) 
chains



Alpha chains

One quarter- molecule slip



• Alpha chains; organize in helix structure.
• Glycine is one out of every three amino acids in the alpha chain. However, glycine 

cannot be the last amino acid of the chain.
• The glycine is usually chained first to hydroxyproline or hydroxylisine followed by the 

proline amino acid.
• In the collagen molecule hydroxyproline, proline and glycine are essential for the triple 

helix structure.
• There are sugar groups bound to the collagen molecule, so collagen is actually a 

glycoprotein structure.

• To date, over 40 alpha chain structures and their chromosomal loci for synthesis have 
been discovered



Fibril = telcik
Fiber = tel
Bundle = demet

The strength of
the fibril is created by 
the covalent bonds 
between the collagen
molecules of adjacent 
rows, not the head-to-
tail attachment
of the molecules in a 
row.







Collagen types

• There are at least 28 types of collagen, formed with different 
alpha chains, which are numbered according to the order of 
discovery in Roman numerals (I to XXVIII).

• Homotrimeric: consisting of three identical  chains.

• Heterotrimeric: consisting of two or even three genetically
distinct alpha chains).

• Type I collagen: Found in loose and tight connective tissue. 
Heterotrimeric. Expressed as [α1 (I)]2 α2 (I). It is found in the 
bone, tendon, dentin, skin and provides tensile strength.

• Type II collagen : Homotrimeric. It is found in hyaline and 
elastic cartilage in the form of very fine fibers. Expressed as 
[α 1(II)]3



Collagen types

• Type III collagen: Located in the reticular lamina of the basement 
membrane. They are called reticular fibers. They are the first 
structures produced during the wound healing process and later 
converted to type I collagen.

• They are argyrophilic. (=having an affinity for silver). Selectively 
reduce silver salts to metallic silver, stained black by silver salts.

• Type IV collagen: Located in the basal lamina. Connects to laminin.

As reticular fibers and collagen in 
general, are in glycoprotein structure,
can be well visualized by periodic acid-
Schiff (PAS) reaction (because of the 
carbohydrate content)

PAS (+) si
lv

er
 im

p
re

gn
at

io
n



Collagen groups according to
function and polymerization pattern

• Fibrillar collagens: Type I, II, III, V, XI.

• Fibril-associated collagens with interrupted triple helixes (FACITs): 
Accessory collagens that provide flexibility by their interrupted triple
helix structure. Type IX, XII, XIV, XVI, XIX, XX, XXI, XXII

• Hexagonal network–forming collagens are represented by collagen 
types VIII and X.

• Transmembrane collagens are represented by types: XIII (found in the 
focal adhesions), XVII (found within the hemidesmosomes), XXIII (found 
in metastatic cancer cells), and XXV (a brain-specific collagen).

• Multiplexins (collagens with multiple triple-helix domains and 
interruptions) comprise collagen types XV and XVIII, which reside in the 
basement membrane zones.

• Basement membrane–forming collagens: Type IV, VI, VII collagen















Collagen Biosynthesis
• Collagen producing cells:

• Fibroblast (connective tissue)

• Reticular cells (type III, bone marrow, lymphoid organs)

• Osteoblast (bone)

• Chondroblast (cartilage)

• Odontoblast (tooth)

• Epithelial cell (Type IV)

• Pericytes (blood vessels)

• It is a series of events that take place inside and outside of fibroblasts.

• Inside fibroblast, the production of protocollagen, the precursor of the collagen 
molecule, is carried out.

• Fiber formation is then carried out by the activity of enzymes present in the cell 
membrane outside the cell.

• The construction required for fiber formation occurs under the supervision of 
the cell in the extracellular matrix.

Transforming growth factor β (TGF- β) and platelet-
derived growth factor (PDGF) increase collagen
synthesis while glucocorticoids (steroids) reduce.



Collagen Biosynthesis
• Nuclear mRNA formation from the relevant DNA 

sequence

• Translocation of mRNA from the nucleus to GER 
and formation of pro-α chains (pre-procollagen)

• Hydroxylation of the proline and lysine residues
takes place before the formation of the helix. 
(prolyl hydroxylase and lysyl hydroxylase enzymes) 
(Vitamin C dependent-Scurvy-skorbüt) (required
for hydrogen bonds)

• Glycosylation of specific hydroxylysyl residues

• Formation of the procollagen triple helix structure
from the C-terminus to the N-terminus

• Procollagen transport to the Golgi body and
transport outside the cell



• Cutting the globular C-terminus 
and helical N-terminus of 
procollagen carried outside the 
cell by «procollagen N- and C-
peptidase»

• Polymerization (self-assembly) of
collagen molecules into collagen 
fibrils (in cove of fibroblast) with 
development of covalent cross-
linking

• Addition of other collagen 
(FACIT)

Collagen Biosynthesis



• Formation of type V and XI 
collagen is the first step in the 
production of type I collagen.

• Type I is added to this fibrillar
mold

• Type II and III collagen form an 
integrated structure to type I 
collagen

• Type V and XI control the 
thickness and prevent the 
addition of fibers when the 
thickness is sufficient

• Collagen production and destruction is an ongoing event. Proteinases break down collagen 
and these fragments are removed by phagocytosis.

• It is performed by matrix metalloproteinases in the extracellular matrix (MMPs).
• Tissue inhibitors of metalloproteinases (TIMPs) limit MMP effects
• They are secreted by fibroblasts, chondrocytes, monocytes, neutrophils, macrophages, 

epithelial and cancer cells.
• Collagenase (cleaves I, II, III, X), gelatinase (degrades laminin, fibronectin, elastin, 

denatured collagen), stromelysin (degrades proteoglycan, fibronectin denatured collagen), 
matrilysins (degrades IV and proteoglycan fragments), macrophage metalloelastases
(degrades elastin, IV, laminin)



Collagenopathies

Ehlers–Danlos Sendrome

Osteogenesis imperfecta





Reticular Fibers

• Reticular fibers are composed of 
type III collagen.

• exhibit a 68-nm banding pattern

• have a narrow diameter (about 20 
nm)

• exhibit a branching pattern, and 
typically do not bundle to form 
thick fibers

• reticular fibers cannot be identified
in H&E preparations, 

• Since they contain more sugar
groups than collagen, they are 
observed by PAS reaction.

• They are argirophilic (silver 
precipitation methods)

Lymph node, silver impregnation



• Found abundant on the border of epithelium and 
underlying connective tissue, around adiposites and
small blood vessels

• It is found in embryonic tissues and areas of healing 
tissue (replaced with type I)

• It forms the supporting connective tissue in 
hematopoietic and lymphatic organs (except thymus). 
It is synthesized by reticulum cells in these organs.

• Except in peripheral nerve endoneurium (Schwann hc) 
and tunica media (smooth muscle cell) of blood vessels
it is produced by fibroblasts

Reticular Fibers



Elastic Fibers
• They are finer fibers than collagen 

which are organized in a branching 
structure to form a three-
dimensional network structure.

• The fibers are interwoven with 
collagen fibers to limit the 
distensibility of the tissue and 
prevent tearing from excessive 
stretching

• Since it is stained eosinophilic in 
H&E, it is indistinguishable from
collagen. They are examined with 
special dyes such as orsein, 
resorcin-fuxin.

Mesentery, resorcin-fuxin



The elastic property of the elastin molecule is 
related to its unusual polypeptide backbone, 
which causes random coiling.
Elastic fibers are produced by many of the 
same cells that produce collagen and reticular 
fibers, particularly fibroblasts and smooth 
muscle cells. 
They have two major structural component

• Central core of elastin
• Surrounding network of fibrillin
• Fibulin connects these two

Elastin: 
• It is rich in proline and glycine like 

collagen 
• Less hydroxyproline
• Hydroxylysine is never found.
• Glycine was randomly located. The 

molecule is therefore hydrophobic and 
tends to randomly curl.

• Elastin-specific desmosin and 
isodesmosin covalently bond 4 elastins
together



Fibrillin-1:
• is a glycoprotein that forms fine microfibrils measuring 10 to 12 nm in diameter
• Elastin-associated fibrillin microfibrils play a major role in organizing elastin into fibers
• Without fibrillin, microfibrils during elastogenesis results in the formation of elastin 

sheets or lamellae, as found in blood vessels.

Abnormal expression of the fibrillin gene (FBN1) is linked to Marfan’s syndrome, a 
complex, autosomal dominant, connective tissue disorder



Elastic Fibers
• It is the main component of 

extracellular material in vertebral 
ligaments, larynx and elastic (large) 
arteries.

• Lig. flava is rich in elastic fibers. The 
fibers here are thicker and associate 
with collagen.

• The fibers are thin in the larynx.

• In elastic arteries, the elastic material is 
in the form of fenestrated lamellae, 
sheets of elastin with gaps or openings. 
They are synthesized by smooth 
muscle cells.





Extracellular matrix

• It is a complex, intricate network that surrounds 
and supports cells in connective tissue.

• It contains reticular, elastic and collagen fibers.

• In addition; It contains the following 3 groups of 
substances that make up the ground substance:

• Proteoglycans (aggrecan, syndecan)

• Multi-adhesive glycoproteins (fibronectin and 
laminin)

• Glycosaminoglycans (dermatan sulfate, keratan 
sulfate, hyaluronan)



• The extracellular matrix composition may be different in each 
tissue. Cartilage, bone, loose connective tissue components are 
not the same. It is secreted by cells in a tissue-specific manner.

• Its function is communication between the cells with mechanical 
and structural support.

• It regulates and locates the metabolic functions of cells. Provides 
the essential routes for migration.

• Cell-ECM linking complexes stabilize cells.

• It has regulatory tasks for embryonic development and 
differentiation. Growth factors are bound and maintained.

Extracellular matrix = Ground
substance + fibers



Ground substance

• Ground substance is a viscous, clear substance with 
a slippery feel and high water content.



Glycosaminoglycans (GAG)

• Creates the physical properties of the ground substance

• Highest amount of heteropolysaccharide in ECM

• It is a polysaccharide consisting of long chain, non-
branching, repeating disaccharide units.

• Disaccharide units consist of one of 2 modified sugars: N-
acetylgalactosamine (GalNAc) or N-acetylglucosamine
(GlcNAc) and a uronic acid (glucuronate or iduronate).

• They take basic dyes because they are negatively charged 
(sulfate and carboxyl groups)

• They draw water into the environment and form a jelly 
consistency.



• Since the glycosaminoglycan molecule has many negative 

radicals (polyanion), it can combine with a large number of 

cations.

• The most cation bound to glycosaminoglycan is sodium.

• Glycosaminoglycans have an important role in regulating 

the amount of water in the connective tissue due to the 

aforementioned properties.

• Since almost all of the water in the ground substance is 

bound to glycosaminoglycans, the water in the connective 

tissue does not move by changing the body posture.





Hyaluronan (hyaluronic acid)
• A very long, rigid GAG consisting of thousands of sugar molecules (a free

carbohydrate chain) *

• They are produced by enzymes on the cell surface, they do not undergo post-

translational modification *

• Has a very intensive water holding capacity

• Sulfate free *

• They are not bound to proteins, they are free, so they do not form proteoglycans.

• It forms the binding region for many growth factors.

• Limits diffusion and inhibits passage of macromolecules (eg plasma proteins)





GAGs

• Water 
retention

• Lubricant
• Shock 

absorbers
• Substance

exchange
• Growth 

Factor 
Binding



Proteoglycans

• Proteoglycans are composed of GAGs covalently 
attached to core proteins

• Single GAG  decorin

• GAGs can be uniform (figroglican or versican), or
multple type (aggrecan, sindecan) on a proteoglycan

• Sindecan is a transmembrane proteoglycan. Binds
cells to ECM. (eg. B lymphocytes ve plasma cells)



• Aggrecan is another important extracellular 
proteoglycan.

• Its molecules are noncovalently bound to the long

molecule of hyaluronan



Proteoglycans



Multiadhesive glycoproteins

• They stabilize ECM and bind to 

cell membranes.

• They bind to both ECM elements 

(PG, GAG, collagen) and cells 

(integrin).

• Fibronectin
• Laminin
• Tenascin

• Osteopontin



Glycoproteins

• Fibronectin:

• The most abundant glycoprotein in connective 
tissue. Dimer structure.

• There are many binding centers on it for 
different ECM elements. (heparan sulphate, 
collagen type I, II, III, fibrin, hyaluronan, 
fibronectin)

• It binds to integrin on cells.

• Nearly twenty varieties have been identified

• Activated by binding to the cell surface creates 
a fiber structure.



• Laminin:
• Found in basement and external laminea

• Connection points:
• Collagen type IV

• heparan sulfate

• Heparin

• Entactin

• Laminin receptors on the cell surface

Glycoproteins





• Tenascin:

• It plays an active role in embryogenesis, and its synthesis 
ends with the maturation of tissues.

• Takes part in wound healing

• Located in muscle-tendon junction area and malignant 
tumors

• Molecules it binds:
• fibrinogen,

• Heparin

• EGF-like growth factors

• Enables cell binding to ECM

Glycoproteins



• Osteopontin:

• Plays an important role in ECM of the bone

• It binds osteoclasts and fixes them to the bone 
surface.

• Plays an important role in calcium release and 
calcification

• It plays a role in the development of many 
malignant tumors

Glycoproteins



Multiadhesive glycoproteins


