
Genetic Disorders of Connective Tissue   

• Marfan Syndrome 

• Osteogenesis Imperfecta 

• Ehlers-Danlos Syndrome  



Types of connective tissue: 

1. Loose (areolar) connective tissue (delicate thin layers between  

   tissues; present in all mucous membranes) 

2. Adipose tissue (fat) 

3. Dense connective tissue (tendons/ligaments) 

4. Hyaline cartilage (nose/ends of long bones/ribs) 

5. Elastic cartilage (outer ear/epiglottis)  

6. Fibrocartilage (between vertebrae/knee joints/pubic joint) 

7. Bone (skeletal system) 

8 Blood (bloodstream) 
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(a)  Connective tissue proper: loose connective tissue, areolar 

Description: Gel-like matrix with all 
three fiber types; cells: fibroblasts, 
macrophages, mast cells, and some 
white blood cells. 

Function: Wraps and cushions 
organs; its macrophages phagocytize 
bacteria; plays important role in 
inflammation; holds and conveys 
tissue fluid. 

Location: Widely distributed under 
epithelia of body, e.g., forms lamina 
propria of mucous membranes; 
packages organs; surrounds 
capillaries. 

Photomicrograph: Areolar connective tissue, a 
soft packaging tissue of the body (300x). 
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(b)  Connective tissue proper: loose connective tissue, adipose 

Description: Matrix as in areolar, 
but very sparse; closely packed 
adipocytes, or fat cells, have 
nucleus pushed to the side by large 
fat droplet. 

Function: Provides reserve food 
fuel; insulates against heat loss; 
supports and protects organs. 

Location: Under skin in the 
hypodermis; around kidneys and 
eyeballs; within abdomen; in breasts. 

Photomicrograph: Adipose tissue from the 
subcutaneous layer under the skin (350x). 
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(c)  Connective tissue proper: loose connective tissue, reticular 

Description: Network of reticular 
fibers in a typical loose ground 
substance; reticular cells lie on the 
network. 

Function: Fibers form a soft internal 
skeleton (stroma) that supports other 
cell types including white blood cells, 
mast cells, and macrophages. 

Location: Lymphoid organs (lymph 
nodes, bone marrow, and spleen). 

Photomicrograph: Dark-staining network of reticular 
connective tissue fibers forming the internal skeleton 
of the spleen (350x). 
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(d)  Connective tissue proper: dense connective tissue, dense regular  

Description: Primarily parallel 
collagen fibers; a few elastic fibers; 
major cell type is the fibroblast. 

Function: Attaches muscles to 
bones or to muscles; attaches bones 
to bones; withstands great tensile 
stress when pulling force is applied 
in one direction. 

Location: Tendons, most 
ligaments, aponeuroses. 

Photomicrograph: Dense regular connective 
tissue from a tendon (500x). 
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(e)  Connective tissue proper: dense connective tissue, dense irregular  

Description: Primarily 
irregularly arranged collagen 
fibers; some elastic fibers; 
major cell type is the fibroblast. 

Function: Able to withstand 
tension exerted in many 
directions; provides structural 
strength. 

Location: Fibrous capsules of 
organs and of joints; dermis of 
the skin; submucosa of 
digestive tract. 

Photomicrograph: Dense irregular 
connective tissue from the dermis of the 
skin (400x). 

Collagen 

fibers 

Nuclei of 

fibroblasts 

Fibrous 

joint 

capsule 



Copyright © 2010 Pearson Education, Inc. 

Figure 4.8f  Connective tissues. 

(f)  Connective tissue proper: dense connective tissue, elastic 

Description: Dense regular 
connective tissue containing a high 
proportion of elastic fibers. 

Function: Allows recoil of tissue 
following stretching; maintains 
pulsatile flow of blood through 
arteries; aids passive recoil of lungs 
following inspiration. 

Location: Walls of large arteries; 
within certain ligaments associated 
with the vertebral column; within the 
walls of the bronchial tubes. 
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(g)  Cartilage: hyaline 

Description: Amorphous but firm 
matrix; collagen fibers form an 
imperceptible network; chondroblasts 
produce the matrix and when mature 
(chondrocytes) lie in lacunae. 

Function: Supports and reinforces; 
has resilient cushioning properties; 
resists compressive stress. 

Location: Forms most of the 
embryonic skeleton; covers the ends 
of long bones in joint cavities; forms 
costal cartilages of the ribs; cartilages 
of the nose, trachea, and larynx. 

Photomicrograph: Hyaline cartilage from the 

trachea (750x). 
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(h)  Cartilage: elastic 

Description: Similar to hyaline 

cartilage, but more elastic fibers 

in matrix. 

Function: Maintains the shape 

of a structure while allowing 

great flexibility. 

Location: Supports the external 

ear (pinna); epiglottis. 

Photomicrograph: Elastic cartilage from 

the human ear pinna; forms the flexible 

skeleton of the ear (800x). 
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(i)  Cartilage: fibrocartilage 

Description: Matrix similar to 
but less firm than that in hyaline 
cartilage; thick collagen fibers 
predominate. 

Function: Tensile strength 
with the ability to absorb 
compressive shock. 

Location: Intervertebral discs; 
pubic symphysis; discs of knee 
joint. 

Photomicrograph: Fibrocartilage of an 

intervertebral disc (125x). Special staining 

produced the blue color seen. 
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(j)  Others: bone (osseous tissue) 

Description: Hard, calcified 
matrix containing many collagen 
fibers; osteocytes lie in lacunae. 
Very well vascularized. 

Function: Bone supports and 
protects (by enclosing); 
provides levers for the muscles 
to act on; stores calcium and 
other minerals and fat; marrow 
inside bones is the site for blood 
cell formation (hematopoiesis). 

Location: Bones 

Photomicrograph: Cross-sectional view 
of bone (125x). 
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(k)  Others: blood 

Description: Red and white 

blood cells in a fluid matrix 

(plasma). 

Function: Transport of 

respiratory gases, nutrients, 

wastes, and other substances. 

Location: Contained within 

blood vessels. 

Photomicrograph: Smear of human blood (1860x); two 

white blood cells (neutrophil in upper left and lymphocyte 

in lower right) are seen surrounded by red blood cells. 
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Extracellular Matrix (ECM) components 

Collagen 

Elastin 

Proteoglycans 

Hyaluronan 

Laminin 

Fibronectin 

Matricellular proteins 

ECM degrading enzymes 

Growth factors / Cytokines  

ECM receptors 

Integrins 

Cell surface proteoglycans 

Discoidin domain receptors (DDRs) 

CD44 (Hyaluronan receptor) 



 



Biosynthetic route of collagen 

MD Shoulders  and RT Raines, Annu. Rev. Biochem. 78, 929-59, 2009  



Collagen cross-linking 



Classification, chain composition, distribution and structural 

features of vertebrate collagens 



Classification, chain composition, distribution and structural 

features of vertebrate collagens 



Madeleine Durbeej, Cell Tissue Res (2010) 339:259–268 

Laminins: localization, structure and functions 



Lisa Nivison-Smith and Anthony Weiss 

Regenerative Medicine and Tissue Engineering - 

Cells and Biomaterials 2011 
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Proteoglycans / Glycosaminoglycans  



Classification of proteoglycans 



Achilleas Theocharis  et al. 

FEBS Journal 277  (2010) 3904-23 

SLRPs: role in collagen fibrillogenesis 

John R. Hassell and David E. Birk Experimental Eye Research 91 (2010) 326-335 



Joanne E. Murphy-Ullrich,  E. Helene Sage, Matrix Biology, Volume 37, 2014, 1–14 



Marfan Syndrome 

• First described in 1896; named in 1902. 

• Common inherited connective tissue disorder 

• Incidence: 1 in 3000-5000; approximately 200,000 Americans 

affected 

• M = F; men with shorter life expectancy 

• Races affected equally 

 

 



• Autosomal dominant; variable expression 

• ~25% spontaneous mutations 

• Genes involved in Marfan Syndrome phenotype: 

– Fibrillin-1 (MFS) 

• Microfibril glycoprotein in both elastic and non elastic 

tissues 

• > 97 different mutations 

– TGFBR (MFS type II or Loeys-Dietz) 

• Works through apoptosis and cell cycle regulation; 

prevents proper incorporation of fibrillin into tissue 

• Other gene mutations may lead to similar phenotypes 

Marfan Syndrome  



Marfan Syndrome: Molecular Mechanism 

Fibrillin structure 



Marfan Syndrome: Molecular Mechanism 
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Marfan Syndrome 
 

Clinical Features 

  • HEENT: 

– Eye: superior lens dislocation (ectopia 

lentis)  

– Oropharynx: high palate and crowded 

dentition 

• Cardiac: 

– Mitral valve prolapse  

– Aortic root dilation  

• Pulmonary:  Spontaneous pneumothorax 

• Neurologic: Dural ectasia 

• Skin: Stretch marks 

 



Marfan Syndrome 
 

Clinical Features 

  • Musculoskeletal:  

– Tall stature (dolichostenomelia)  

– Long digits (arachnodactyly)  

– Thumb sign (distal phalanx protrudes 

beyond border of clenched fist)  

– Wrist sign (thumb and fifth digit overlap 

when around the wrist)  

– Sternal deformity (prominent pectus)  

– Scoliosis  > 20 degrees 

– Joint hypermobility  

– Arm span exceeding height (ratio >1.05)  

– Reduced elbow extension (<170 degrees)  

– Medial displacement of medial malleolus  

 



Marfan Syndrome 

Treatment 
 Beta blockade 

Standard of care for adult patients (no data on children) 

Based on studies of propranolol versus placebo 

Slower rate of aortic dilatation with beta blockade 

Survival at 10 yrs not significantly improved 

 Calcium channel blockers? 

 ARBs 

Recent animal study models of FBN1 mutants demonstrated 

decreased rate of aortic dilatation 

Mechanism is via TGFBR 

One randomized trial of 17 patients is complete: larger study is 

now ongoing 



Marfan Syndrome: Treatment 
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Osteogenesis Imperfecta 

 The most prevalent heritable bone fragility disorder (incidence 1: 

15.000).  

 COL1A1 and COL1A2 are the most frequent causative mutations 

(85-90% of cases), but recently, mutations on 15 other genes 

have been identified, either with autosomal dominant or 

autosomal recessive inheritance. 

 The most frequent abnormality is a mutation in a glycine residue 

in one of the two collagen genes that causes 

i) Quantitative defects (haploinsufficiency of the gene leading to 

production of structurally normal collagen ~ 50% of normal 

amount).  OI type I: mid form of disease.  

ii) Qualitative defects (replace of glycine by another aminoacid 

resulting in the production of abnormal collagen molecule). OI 

type II: Moderate, severe, or lethal form of disease.   



Clinical Types of Osteogenesis Imperfecta 



Clinical Types of Osteogenesis Imperfecta 



Osteogenesis Imperfecta 

Clinical Types 



Osteogenesis Imperfecta: Molecular Mechanism 



Symptoms of Osteogenesis Imperfecta 



Treatment of Osteogenesis Imperfecta 



Ehlers-Danlos Syndrome 

 A group of inherited disorders of connective tissue caused by 
qualitative and/or quantitative abnormalities in collagen 
production 

 Collagen is present in nearly every tissue and organ system in 
the body 

 EDS associated with many widespread complications and 
symptoms; tissues often involved are skin, joints, and blood 
vessel walls 

 There are 6 major types that vary in their specific cause and 
presentation (dependent on the form of collagen affected) 

 Recorded prevalence of 1 in 2,500 (often misdiagnosed) 

 Most cases inherited in autosomal dominant pattern 

 



Major Subtypes of Ehlers-Danlos Syndrome 



Minor Subtypes of Ehlers-Danlos Syndrome 



Mechanism of Ehlers-Danlos Syndrome 

 Reduction of collagen V that has a regulatory role in collagen 
type I fibrillogenesis. Collagen V is embedded within 
collagen fibrils regulating fibril assembly and diameter. 

 Most common mutations results in point nonsense mutations 
that employ a point-nonsense-mediated mRNA decay 
pathway to eliminate mutant mRNA. 

 



Major Symptoms 

 Stretchy, loose, and/or “velvety” skin 

 Flexible joints with hypermobility (causes chronic joint pain, 

damage and reactive muscle pain) 

 Abnormal wound healing 

 Joint dislocations and/or partial dislocations  (aka 

subluxations) 

 Easy bruising 

 Muscle pain and weakness 

 Heart and vascular problems such as aneurysms, MVP, aortic 

root dilatation 

 Organ rupture, hernia 

 

 



Joint and Skin Findings 

   





Classical Type (Types I & II) 

• Generalized hyperextensibility of joints and skin 

• Easy bruising, hemarthroses 

• Poor wound healing and retention of sutures 

• Congenital dislocation of hips 

• Scoliosis 

• Mitral valve prolapse 



Hypermobility Type (Type III) 

• Most common type (reported in up to 1 in 5,000, probably 

MUCH higher) 

• Exact cause unknown; no genetic test available 

• Autosomal dominant inheritance 

• Cardinal feature:  Joint hyper-extensibility 

• Chronic degenerative joint disease with advanced, premature 

osteoarthritis 

• Less skin involvement 

• Mitral valve prolapse 

 



Vascular Type (Type IV) 

 Most serious type (1 in 250,000) 

 Prone to ruptured/dissected arteries and 

aneurysms, intestinal and uterine 

rupture 

 Easy bruising 

 Visible veins beneath thin, translucent 

skin 

 Characteristic facies:  protruding eyes, 

thin nose/lips, sunken cheeks, small 

chin 

 Joint involvement variable 

 Relative deficiency in type III collagen 



Kyphoscoliosis Type (Type VI) 

 Arthrochalasia Type (Type VIIA/VIIB)  

 Dermatosparaxis Type (Type VIIC)  

 

Kyphoscoliosis Type 



Treatment 
• No specific cure available 

• Goal:  Manage symptoms and prevent complications 

• Important EDS screening: 

– Echocardiogram  

– DEXA scan 

– CNS imaging (including vascular scans) 

• Patient education and genetic counseling 

• Rehabilitation and Maintenance – PT/OT, aquatic 

therapy 

• Postural training and body awareness 

• Chronic pain management 

• Orthopedic surgery (in skilled hands) 

 


