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WHAT IS
EHLERS-DANLOS SYNDROME?

400 B.C.: Hippocrates' Airs, Waters and Places

1657: Dr Job Janszoon van Meekeren's case history of
George Albes, a boy with hyperextensible skin

1892: Dr AN Chernogubov's detailed association
between hypermobile joints and skin findings

1901: Dr Edvard Ehlers' a case history describing a
distinct disorder including lax joints, hyperextensible skin,
and bruising

1908: Dr Henri-Alexandre Danlos' case history describing
a disorder much like that described by Ehlers

1936: Frederick Parkes-Weber suggested "Ehlers-
Eduard Ehlers Henri-Alexandre Danlos Danlos Syndrome"

1998: Dr Peter Beighton et al's publication of the
Villefranche nosology classifying Ehlers-Danlos
Syndromes



BUT...
WHAT IS EHLERS-DANLOS SYNDROME?



EHLERS-DANLOS SYNDROME IS A
HERITABLE DISORDER OF CONNECTIVE TISSUE

From the National Institute of Arthritis and Musculoskeletal and Rare Diseases, National
Institutes of Health Fast Facts: "What Are Heritable Disorders of Connective Tissue?"
(http://www.niams.nih.gov/Health _Info/Connective_Tissue/connective tissue_ff.pdf)

Heritable Disorders of Connective Tissue (HDCTs) are passed from parent to child.
HDCTs affect the "cellular glue" holding tissues of the body together.

HDCTs change the look, growth, or function of tissues such as skin, bones, joints,
heart, blood vessels, and numerous other organ systems.

More than 200 HDCTs are known.
Ehlers-Danlos Syndrome (multiple types)

Marfan Syndrome, Osteogenesis Imperfecta, Loeys-Dietz Syndrome, Stickler Syndrome,
Alport Syndrome, Beal's Syndrome, Epidermolysis Bullosa, and many, many more.


http://www.niams.nih.gov/Health_Info/Connective_Tissue/connective_tissue_ff.pdf

WHAT IS CONNECTIVE TISSUE?

Connective tissue is one of four types of tissue that combine to make the body.
epithelial tissue: barrier, allows selective passage (e.g. bodily surfaces, glands)
muscle tissue: contractile strength (e.g. skeletal, smooth, cardiac muscle)
nervous tissue: information highway (e.g. brain, spinal cord, peripheral nerves)
connective tissue: supports, connects, and separates other tissues

Organs are made of various combinations of epithelial, muscle, nervous, and
connective tissue.

Connective tissue fills the spaces between the organs.



STRUCTURE OF
CONNECTIVE TISSUE

Cells (e.g. fibroblasts, adipocytes, chondroblasts,
osteoblasts, erythrocytes, leukocytes, thrombocytes, mast
cells, macrophages)

Extra-Cellular Matrix

Ground Substance: clear, colorless gel-like fluid containing
hyaluronic acid, glycosaminoglycans (e.g. chondroitin
sulfate, dermatin sulfate, keratin sulfate), proteoglycans,
water, and many other molecules such as fibronectin,
laminin, chondronectin, and osteonectin.

Fibers: proteins

collagen: thick unbranched bundles of collagenous
fibers promote tissue flexibility (e.g. tendons, ligaments,
cartilages), while thin bundles of reticular fibers fill
spaces (e.g. liver, spleen, lymph nodes, haematopoietic
organs).

elastin: branched elastic fibers allow for stretch and
recoil (e.g. lung, urinary bladder, skin, aorta)

Microfibrils: fiber-like strands of glycoprotein and cellulose

fibrillin: the glycoprotein essential for formation and
support of elastic fibers



DIVERSITY OF
CONNECTIVE TISSUE

Dense Connective Tissue: fibroblasts, fibers > ground substance

Regularly arranged fibers provide strength in one direction, such
as in tendons, ligaments, and aponeuroses

Irregularly arranged fibers distribute tissue strength in multiple
directions, such as in fascia, joint capsules, dermis, heart valves, and
digestive tract.

Different fibers predominate in different tissues. For example,
collagen provides tensile strength to the dermis, tendons, ligaments,
and organ sheaths, while elastin gives the aorta and ligamentum
flavum elasticity.



DIVERSITY OF
CONNECTIVE TISSUE (CONT'D)

Loose Connective Tissue: fibroblasts, ground substance > fibers

alveolar: wraps/cushions organs, surrounds vessels and nerves, fills
mucous membranes, plays a very important role in inflammation and
immune function 0 sequestration of tissue fluids (i.e. edema),
chemical signhaling via mast cell degranulation, and phagocytosis of
bacteria by macrophages

adipose: provides reserve fuel in the form of fats, insulates against
heat loss, supports and protects organs

reticular: lymphoid organs such as lymph nodes, bone marrow,
spleen



DIVERSITY OF
CONNECTIVE TISSUE (CONT'D)

Cartilage: chondrocytes, fibroblasts, chondroitin sulfate, fibers

elastic: stretchy (e.g. external ear, epiglottis)

hyaline: tough, hard (e.g. ends of long bones In joints, rib
cartilage, nose, trachea, larynx)

fibrocartilage: areas of high stress (e.g. intervertebral discs,
pubic symphysis, meniscus of knee)



DIVERSITY OF
CONNECTIVE TISSUE (CONT'D)

Specialized Connective Tissues

Bone: osteoblasts/osteocytes in osteoid matrix, with
predominately Type | collagen fibers

Blood: erythrocytes, leukocytes, and thrombocytes in a
plasma matrix, which lacks fibrous proteins but has many
non-fibrous proteins (e.g. immunoglobulin, fibrinogen,
albumin, transferrin)

Lymphatic: leukocytes (especially lymphocytes) in lymph
matrix, with non-fibrous proteins



A FEW WORDS ABOUT
AUTOIMMUNE CONNECTIVE TISSUE DISORDERS

Autoimmune Connective Tissue Disorders
(also called Systemic Autoimmune Diseases,
Collagen Vascular Diseases):

depend on a triad.
genetic factors
environmental triggers

Autoimmune : Immune dysregulation
disease

iInclude Systemic Lupus Erythematosis,
Rheumatoid Arthritis, Scleroderma, Sjogren's
Syndrome, Mixed Connective Tissue Disorder,
Psoriatic Arthritis, Ankylosing Spondylitis,

Immune Py T
regulation 06 ¢ Dermatomyositis, Polyarteritis Nodosa, and

many others.




A FEW WORDS ON DIETARY DEFICIENCIES
AND CONNECTIVE TISSUE

Vitamin C (ascorbic acid): required for collagen synthesis; also
required for conversion of folic acid to its active form and as a cofactor
in synthesis of carnitine, catecholamines, peptide hormones,
corticosteroids, and aldosterone

Citrus fruits, many other fruits, berries, vegetables, and liver offer
vitamin C.

Preserved meats and carbohydrates contain no Vitamin C.
The human body can not make its own Vitamin C.

Scurvy: The Disease of Early Explorers and Pirates

First became significant with the Age of Discovery

Vasco de Gama: 116 of 170 lost in 1499

Magellan: 208 of 230 lost in 1520

Early symptoms include malaise, lethargy, joint pain, spongy gums,
discoloration of skin, easy bruising, poor wound healing.

Late symptoms include tooth loss, halitosis, edema, anemia,
hypotension, convulsions, extreme weakness and extreme pain.

bone pain (i gsteopemido )gl as s
muscle pain (reduced carnitine production)

Death is often from fatal vessel rupture.




A FEW WORDS ON DIETARY DEFICIENCIES
AND CONNECTIVE TISSUE (CONT'D)

Sk

Vitamin D (The Sunshine Vitamin): among other things, responsible for enhancing
intestinal absorption of calcium, iron, magnesium, phosphate and zinc

Vitamin D3 is produced in humans when ultraviolet irradiation (UV) acts on 7-
dehydrocholesterol present in the skin.

Fatty fish (e.g. salmon, tuna, and mackerel), fish liver oils, beef liver, cheese, and egg
yolks provide vitamin D3 (cholecalciferol). Some mushrooms provide vitamin D2
(ergocalciferol). Fortified foods provide most of the vitamin D in the American diet.

Dietary supplementation and/or sunlight exposure is necessary for certain
persons to obtain sufficient vitamin D (e.g. breastfed infants, older adults, persons
with limited sun exposure, dark skin, or fat malabsorption, and persons who have
undergone gastric bypass surgery).

Rickets (lack of adequate bone mineralization during development):
classical Vitamin D deficiency of infancy and childhood

Failure of bone tissue to mineralize results in skeletal deformities, soft bones with risk
of fractures, dental problems, and muscle weakness/spasticity.

Osteomalacia (de-mineralization of bone):
classical Vitamin D deficiency of adulthood

Bone demineralization weakens bones and may lead to increased risk of fractures,
bone deformation, severe bone pain, and muscle weakness/spasticity.

Osteoporosis (loss of bone mass)

Vitamin D deficiency is associated with increased parathyroid hormone (PTH)
production. PTH increases bone resorption, leading to loss of bone mass.

Undifferentiated Connective Tissue Disorders (UCTD)

Research suggests that vitamin D deficiency in UCTD patients may play a role in the
subsequent progression into well-defined connective tissue disorders.




A FEW WORDS ON DIETARY DEFICIENCIES
AND CONNECTIVE TISSUE (CONT'D)

Magnesium: responsible for many diverse biochemical reactions in
the body (e.g. ATP utilization, glycolysis, the citric acid cycle,
gluconeogenesis, lipid metabolism, and protein synthesis); mandatory
for regulation of synthesis and degradation of collagen, elastin,
proteoglycans, and glycoproteins.

Green leafy vegetables, legumes, nuts, seeds, whole grains,
avocados, potatoes, bananas, salmon, raisins, fiber-rich foods,
fortified foods, and mineral waters are some sources of magnesium.

Only about 30-40% of dietary magnesium consumed is absorbed by
the body.

The World Health Organization estimates that 75% of persons in
the United States have dietary magnesium intake that falls
below the recommended intake.

Osteoporosis/Osteomalacia

The mechanisms whereby magnesium deficiency affects bone
metabolism are not clear but are probably multifactorial.

The formation of 1,25 dihydroxyvitamin D involves a magnesium-
dependent hydroxylase enzyme. Without adequate magnesium
stores, humans are unable to fully activate vitamin D for
healthy bone metabolism.

The hydrogen/potassium-ATPase pump in the cells of periosteum
and endosteum are magnesium dependent. The pH of
extracellular fluid in bone may fall in magnesium deficiency,
resulting in demineralization.




IMPORTANT DISTINCTIONS
REGARDING EHLERS-DANLOS SYNDROME

Ehlers-Danlos Syndrome IS a Heritable Disorder of
Connective Tissue.

Ehlers-Danlos Syndrome IS NOT an Autoimmune
Connective Tissue Disorder. (Likewise, Ehlers-Danlos
Syndrome IS NOT a Systemic Autoimmune Disorder or a
Collagen Vascular Disorder.)

Ehlers-Danlos Syndrome IS NOT a connective tissue
disorder arising from dietary deficiencies.



BUT... REMEMBER HICKAM'S DICTUM:
P AT ENTS FCAN - BAME “AS ]
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Individuals who have Ehlers-Danlos Syndrome and also have comorbid conditions or
modifiable/unmodifiable factors directly impacting connective tissues (e.g. autoimmune disorders or
certain nutritional deficiencies) are very likely to be more severely affected overall.

In order to minimize the toll taken on connective tissues, treatable comorbidities and modifiable factors
specifically affecting connective tissues must be recognized and maximally addressed.

Allergic/autoimmune triggers must be avoided.
Autoimmune disorders must be addressed.
Healthy diet and exercise habits are essential.

Nutritional supplementation may be necessary to support connective tissue health (e.g. in the setting of
increased nutrient requirements, malabsorption, food intolerances, or allergies).

enteral (i.e. orally or by feeding tube)

parenteral (e.g. IV, injection, topical)



NO TWO ZEBRAS HAVE
THE SAME STRIPES

Ehlers-Danlos Syndrome occurs in tandem with comorbid conditions and
modifiable or unmodifiable factors, all combining uniquely to affect each
Individual as a whole.

other heritable conditions (including predispositions to allergy or autoimmunity)
congenital conditions

acquired medical conditions

Injuries (acute or chronic)

effects of diet (nutritional status), exercise

poly-pharmacy and varied pharmacogenetics

factors affecting access to care (e.g. geographic barriers, financial limitations,
logistical issues, variable motivation and compliance)
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NO TWO ZEBRAS HAVE
THE SAME STRIPES

Heterogeneity of EDS 0 and heterogeneity of people in general 0
ultimately leads to:

a broad spectrum of clinical presentations
widely variable disease progressions
treatments varying in efficacy from person to person

"Penetrance is believed to be 100%, although expressivity is extremely
variable, and careful examination may be required to demonstrate typical
features, especially in adult men who have never experienced a major

joint complication or significant pain." & Levy HP. Ehlers-Danlos syndrome,
hypermobility type. In: Pagon RA, Bird TD, Dolan CR, Stephens K, Adam MP, editors. GeneReviews.
Seattle, Wash, USA: University of Washington; 2010.



EHLERS-DANLOS SYNDROME IN PRACTICE:
THE FOREST AND THE TREES

Many clinicians lack reasonable knowledge of EDS, its associated conditions, or
patterns of clinical progression and have little or no direct clinical experience with

EDS diagnosis or care.

Clinicians very often focus entirely on individual issues ("the trees") 8 e.g.
hypermobility, cutaneous, gastrointestinal, vascular, or autonomic concerns 0 and fail

to acknowledge the disorder as a whole ("the forest").

Clinicians who are unfamiliar with the existing body of knowledge regarding Ehlers-
Danlos Syndrome are unaware of a predictable progression of the disorder
throughout the phases of life.

"...statistically significant differences by age at presentation were registered for
fatigue, myalgias, muscle cramps, strains/sprains, dislocations, tendon ruptures,
tendonitis, gastroesophageal reflux, chronic gastritis, constipation/diarrhoea and

abdominal hernias." 8 M. Castori, I. Sperduti, C. Celletti, F. Camerota, and P. Grammatico, A Sy mpt or
joint mobility progression in the joint hypermobility syndrome (Ehlers-Danlos syndrome, hypermobilityt y pe ) , 0
Clinical and Experimental Rheumatology, vol. 29, pp. 9981 1005, 2011.



EHLERS-DANLOS SYNDROME IN PRACTICE:
THE FOREST AND THE TREES



