


















d. The neoplastic tissue was connective tissue neoplasms from generalisations
1' by light and by electron arising from the present discussion? The analyses
ir example, a mesothelioma of made by Abercrombie (1978), Fell (1978), Stockwell
ity contained connective tissue (1978), and Sloper et al. (1978) have done more than
lagen and sulphated glycosa- concentrate our minds on current knowledge of
the preponderant molecular some of the most important connective tissue cells.
ces show that almost all the They have given us a new perspective of the out-
mentioned in this symposium standing problems in the neoplastic and neoplasm-
ear on the difficult question of like disease of the connective tissues. We can begin
us, cartilagenous, and synovial to relate views on the behaviour of normal cartilage
ring new understanding and cells to the natural history of the cartilagenous
cartilagenous neoplasms have neoplasms and of the teratomata and to extrapolate
display endocrine functions from the normal synovial cell to the monophasic

(Mackenzie, 1977) and biphasic synovial sarcomata
r clues to the behaviour of the (Fig. 4).

Fig. 4 Synovial sarcoma,
biphasic. Epithelial cells at upper
right; stromal cells at lower left.
.-The two components are

fseparated by an incomplete-
appearing basal lamina
(reproduced by courtesy of

.is5.........Dr F. E. Dische and the Editor,Joumnal of Pathology) (x 1260).
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Diseases of connective tissue: a consensus

A broad hint comes from analyses of the pheno-
typic expression of the synoviocyte and chondrocyte.
A clone of synovial cells or chondrocytes in culture
might, it could be supposed, behave uniformly
under uniform conditions. But cultural conditions
cannot remain constant. When to changes in pH,
redox potential, metabolite accumulation, and
ageing are added physical, mechanical, or chemical
disturbances we are not surprised that the mor-
phology and physiology of the cultured cells change.
The direction of change is determined by the nature
of the stimulus. If under the influence of inherited,
chemical, viral, immunological, or physical stimuli
synovioblasts begin to multiply in the uncontrolled
and purposeless manner characteristic of neoplasia
is it surprising that in different individuals of distinct
race, age, and sex and in a variety of anatomical
situations the cancer cell should result in gross
morphological disorders of widely differing appear-
ance and behaviour?
Much the -same argument may help us to under-

stand the extraordinary diversity of disease forms
that are identified chemically in or in relation to
cartilage. As Sokoloff (1976) and his colleagues have
shown in their experiments on chondrocyte culture
the alteration from monolayer to spinner culture
conditions determines large quantitative and impor-
tant qualitative changes in the molecular species
manufactured and exported by these cells. The
genetic structure of the cell remains unaltered but a
variety of metabolic, growth, and synthetic pro-
cesses are derepressed, while others are switched-off.
The consequences appear to the biologist to be as
diverse as do the neoplastic or neoplastic-like
cartilagenous diseases to the pathologist.

If it is supposed that all chondrocytes are endowed
with identical genetic programmes then each should
behave in an identical fashion under identical en-
vironmental circumstances. This can reasonably be
assumed for a monoclonal cell culture. If the cells
that come to form, say, a benign ecchondroma of the
second metacarpal head in a young man multiply
without purpose or control then it is entirely logical
to deduce that changes in the local environment have
promoted this disorderly, neoplastic growth. In a
substantial number of instances of cartilagenous
neoplasms there is clinical evidence of an underlying
genetic defect. Although the chondrodystrophies,
chondrodystrophia fetalis, and multiple ecchondro-
matosis all exhibit the criteria of inherited ab-
normality, and although chondroma and
chondrosarcoma may originate on the basis of
inherited disorders of cartilage, it seems certain that
the true cartilagenous (and synovial) neoplasms
are finally promoted by environmental stimuli the
nature of which we are almost entirely unaware.

One explanation for the abnormal expression of
neoplastic synovial and chondroid cells is a fault in
the feed-back mechanisms by which the quantity
or quality, or both, of matrix components regulates
connective tissue cell gene expression. It is established
that the extracellular matrix exerts an important role
in regulating the synthetic and secretory activities
of connective tissue cells (Grobstein, 1975). Much is
now known of the synthesis of the extracellular
matrix components, and there is growing under-
standing of the ways in which synthesis and secretion
are regulated. It is also becoming clear that the
macromolecules of the matrix themselves control
cell activities such as glycosaminoglycan synthesis
(Meier and Hay, 1975) and fibroblast migration
(Toole, 1976). Comparable regulatory mechanisms
affect chondrocyte behaviour, and collagenase or
hyaluronidase, for example, increase macromole-
cular synthesis when added to chick rudiments in
culture (Fitton-Jackson, 1970).

It may be resonable to conclude that under-
standing of the origins and natural history of the
connective tissue neoplasms will grow rapidly in the
coming decade as knowledge of normal connective
tissue cell behaviour increases. Nevertheless, com-
pared with the efforts being expended to understand
rheumatoid arthritis and osteoarthrosis, present
investigations of the pathological physiology of the
neoplastic disorders seem relatively slight.

Classification of connective tissue diseases

The classification (Tables 4-11) and nomenclature of
connective tissue diseases are among the controver-
sial questions that remain of outstanding importance
to diagnostic pathologists. As cell and biochemical
genetics have advanced so more and more of the
disorders attributable to mutant genes of large or
small effect have been defined in terms of faults in
limited parts of single structural or enzymic proteins
or in other molecular species. For many years the

Table 4 Inherited diseases of connective tissue

Disease Examples

Chromosomal abnormalities

Mutant genes
Dominant Achondroplasia,

polydactyly

Recessive Many of the 'metabolic' disorders.
congenital hypophosphatasia

Multifactorial
Some forms of secondary

osteoarthrosis, Perthes's diseas
HLA-related

Ankylosing spondylitis,
the 'reactive' arthritides
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Table 5 Inflammatory diseases of connective tissue

Disease Examples

Acute Behcet's syndrome
Lysosomal

'Storage' diseases
Chronic

Inflammatory Sarcoid, Crohn's disease
Fibrotic Keloid, systemic sclerosis,

Dupuytren's contracture,
(may be familial, dominant
characteristics), Peyronie's
disease

Table 6 Immunological diseases of connective tissue

Disease Examples

Hypersensitivity
Serum sickness, polyarteritis,

nodular vasculitis, temporal
arteritis, giant cell arteritis

Immune deficiency
Agammaglobulinaemia,

Job's syndrome
Autoimmune

Systemic lupus erythematosus,
rheumatoid arthritis,
juvenile polyarthritis,
rheumatic fever

Table 7 Infective diseases of connective tissue

Disease Examples

Viral
Rubella,
mumps, arthritis
variola J

Bacterial
Chlamydial,

gonococcal, .
staphylococcal, (arthritis
tuberculous
'reactive' arthritides

Protozoal
Amoebiasis

Metazoal
Onchocerciasis

Fungal
Candida, athis

nocardia }arthritis

Table 8 Physical diseases of connective tissue

Disease Examples

Traumatic Direct injury,
fracture-associated
haemorrhage (haemophiliac)

Irradiation x -Irradiation,
V -Irradiation, isotopic

Embolic Caisson disease

Table 9 Chemical diseases of connective tissue

Disease Examples

Regional, geographical Kashin-Beck disease,
endemic familial arthritis of
Malnad

Occupational Fluorosis

Therapeutic,
iatrogenic Osmic acid,

radioactive gold,
radioactive yttrium,
bismuth arthropathy

Table 10 Metabolic and nutritional diseases of
connective tissue (many of the metabolic disorders are
heritable)

Disease Examples

Disorders of nucleic acid metabolism
Gout

Disorders of collagen
Faults in hydroxylation Scurvy
Faults in glycosylation ? Diabetic

glomerulosclerosis
Faults in procollagen Floppy mitral valve syndrome

peptidase (Ehlers-Danlos type)
Faults in cross-linking Osteolathyrism,

Menkes's kinky hair syndrome
Faults of uncertain aetiology Marfan's syndrome,

osteogenesis imperfecta,
homocysteinuria,
alkaptonuria

Disorders of proteoglycan The GAG storage diseases
Disorders of elastic material Lathyrism
Disorders of basal laminae Diabetes mellitus
Disorders of other proteins Amyloid
Disorders of amino-acids Alkaptonuria
Disorders of mineralisation Chondrocalcinosis,

apatite-deposition disease

Table 11 Connective tissue diseases of ageing; and
neoplastic, endocrine, and miscellaneous connective
tissue diseases

Diseases Examples

Ageing Osteoarthrosis, intervertebral
disc disease

Neoplastic
(see Tables 1, 2, 3)

Primary
Benign Haemangioma,

Malignant

Metastatic
Neoplastic-like

Endocrine
Pituitary
Adrenal
Thyroid
Parathyroid

Miscellaneous

lipoma,
giant cell tumour

Synovioma,
clear cell sarcoma

Villonodular synovitis

Acromegaly
Hyperadrenal corticism
Hypothyroidism
Hyperparathyroidism

Seronegative arthritides,
relapsing polychondritis,
thalassaemic osteoarthropathy,
hypertrophic pulmonary
osteoarthropathy
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Diseases of connective tissue: a consensus

term 'rheumatism' served a clinical purpose: it is no
longer adequate. The phrase 'collagen disease' con-
veyed Klemperer's (1942) views on the nature of
systemic lupus erythematosus and systemic sclerosis
(Klemperer et al., 1942): it has now been abandoned
because of our failure to shown any primary dis-
turbance of collagen in these and related diseases.
However, understanding of the synthesis, export, and
maturation of collagen, elastin, and the proteo-
glycans has led to the emergence of categories of
disease that are properly termed diseases of collagen,
elastin, the proteoglycans, and basal laminae.
Stimulated by classifications such as those of
McKusick (1972)*, it has become urgently necessary
to rename many of the diseases of connective tissue
to take account of our understanding of the primary
defect. Just as McKusick paved the way with his
concept of mucopolysaccharidoses so Lapiere and
Nusgens (1976) and Levene (1978a) have elegantly
demonstrated that the new knowledge of collagen
synthesis and maturation can be used to reclassify
many other connective tissue diseases. Scurvy
becomes a form of acquired proline hydroxylase
deficiency, type VI Ehlers-Danlos syndrome becomes
one form of lysyl hydroxylase deficiency, Menkes's
disease becomes one of the defects of collagen
cross-linking, and so on. Comparable logic is now
applicable in the case of McKusick's own classi-
fications. The cumbersome old term 'mucopoly-
saccharidosis' can be set on one side, and the in-
herited defects of the lysosomal hydrolases that
culminate in inadequate degradation of the gly-
cosaminoglycans can be grouped as the inherited
glycosaminoglycan storage diseases. These can in-
dividually be termed, for example, c1-L-iduronidase
deficiency (IH), heparan N-sulphatase deficiency,
N-acetylgalactosamine H-sulphatase deficiency
(severe), and so on.
We are nearing the time when osteoarthrosis, gout,

rheumatoid arthritis, and intervertebral disc disease
can be approached in a similar manner. Primary
generalised osteoarthrosis has long been separated
from the so-called common secondary forms. We
can now recognise clearly the pathological character-
istics of such forms as idiopathic avascular femoral
head necrosis, analgesic osteoarthrosis, bismuth
arthropathy, and neurogenic arthropathy. It is, I
believe, only a matter of time before the inclusive
word osteoarthrosis comes to be regarded as no more

*McKusick (1976) claims that while 'the Mendelian
disorders of collagen, elastin and mucopolysaccharide
are the true disorders of connective tissue', others such
as rheumatoid arthritis, systemic lupus erythematosus,
and systemic sclerosis 'are disorders in but not of con-
nective tissue'. I do not believe that is an acceptable
analysis.
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than a synoptic term analogous to 'heart failure' or
'uraemia'-common descriptive names for super-
ficially similar syndromes caused by a wide range of
agents that have in common only an identical end
stage.

Conclusion

Bindegewebe (connective tissues) were seen by
Bichat and described by Johannes Muller. Fifty
years after Bichat they formed the key with which
Virchow unlocked the door of cellular pathology.
In turn, they provided Klemperer with a logical
explanation for common features shared by systemic
lupus erythematosus, systemic sclerosis, rheumatoid
arthritis, dermatomyositis, and polyarteritis nodosa.
The evidence available today allows us to predict
even greater advances in knowledge of the con-
nective tissue diseases during the years to come.

Many of the views expressed in this paper result from
discussions with my colleagues Drs C. G. Armstrong,
R. J. Elliott, 0. Hassan, C. J. Kirkpatrick, R. B.
Longmore, Patricia O'Connor, and H. Friedmann.
I am grateful for their comments and advice.

The investigations described in this paper would
not have been possible without the continued
support of the Arthritis and Rheumatism Council
for Research.
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