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The aetiology and pathogenesis of sarcoidosis
OM P. SHARMA, SHUNSAKU OSHIMA

INTRODUCTION
The cause of sarcoidosis is unknown. Some physicians
believe it to be a syndrome, like bronchial asthma, with
many causative agents (such as tuberculosis sarcoid,
fungal sarcoid, beryllium sarcoid, and talc-induced
sarcoid), whereas others hold that sarcoidosis is a single
disease. The sarcoid granuloma has mystified physicians
for decades, and from time to time many agents have been
incriminated in the aetiology of sarcoidosis.

SARCOID GRANULOMA
The histological lesion of sarcoidosis is a well-defined
round or oval granuloma made up of compact, radially
arranged, epithelioid cells with pale-staining nuclei (Fig.
la, b, c). The latter appear pale because the growth ofthe
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chromatin does not keep pace with the growth of the
cytoplasm. The epithelioid cell, a modified macrophage,
acquires its name because of its vague resemblance to an
epithelial cell. A typical giant cell of the sarcoid
granuloma is of the Langhans' type, in which the nuclei
are arranged in an arc or a circular pattern around a cent-
ral granular zone. Lymphocytes may be found within the
'tubercle' but are usually seen at the periphery. Caseation
is absent; occasionally fibrinoid necrosis occurs.' The
latter is prominent in areas where several granulomas
have coalesced and can be distinguished from caseation
by the presence of a fine reticulin pattern on silver staining. 2

What does this organized mesh of inflammatory cells of
different origin guard so zealously? It has been suggested
that the shape of a granuloma is the result of perimeter
defence which occurs when the inciting agent is small or
circular as in tuberculosis, histoplasmosis, coccidioido-
mycosis and in talc and beryllium granulomatosis.t The
sarcoid granuloma shrouds the mystery of a persistent,
poorly degradable 'antigen' of low potency. This agent, if
there is one, has an excellent survival record; it rarely kills
the host!

Recently developed monoclonal antibody techniques
and indirect immunofluorescence methods have given us
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Fig. la Sarcoid granuloma showing compact epithelioid cells,
scanty rims of lymphocytes and multinucleate giant cells
(X 160)

Fig. Ib A Schaumann body inside a granuloma (X 160)

Fig. lc Late stage granuloma with hyalinization (x 240)
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a glimpse of the dynamic relationship between the various
. components of the granuloma and the putative causative
agent. At the centre of the granuloma are macrophage-
derived cells and OKT4 helper lymphocytes, whereas the
periphery has a large number of antigens presenting inter-
digitating (ID) macrophages and OKT8 suppressor
lymphocytes. The lymphokines from the inflammatory
cells recruit blood-borne monocytes, prevent macrophage
migration, and keep the chronic inflammatory reaction
alive and efficient (Fig, 2). It is probable that this arrange-
ment, that is ID-OKT8 cells in the periphery and the
epithelioid cells OKT4 pattern in the centre, does indeed
provide an efficient response to a persistent antigenaemia.
We and others have found this efficient architectural
arrangement in tuberculoid leprosy as well, where the
efficient immune system keeps the bacillary load to a
minimum; in lepromatous leprosy, on the other hand, the
immune cells are disorganized and haphazard and bacteria
flourish.t-'

NATURAL HISTORY OF A SARCOID
GRANULOMA
If the granuloma does not resolve spontaneously or after
adequate therapy, it develops into avascular, almost acel-
lular, connective tissue. Granulomas that persist longer
than a year or two show peripheral hyalinization and some
fibrosis, which matures in late stages and results in tissue
scarring.

The mechanisms regulating the development of fibrosis
are not well understood, but it is reasonable to assume
that if the 'antigen' is eliminated, the granuloma will dis-
appear; if it persists, fibrosis will occur. In this drama, the
alveolar macrophage seems to play an important role by
producing a number of active mediators including a
macrophage factor or alveolar macrophage-derived
fibroblast growth factor (AMDGF) that activates fibro-
blasts, fibronectin, biologically active factor VII, and
interleukin-l. The role of lymphocyte products, inter-
leukin-2 and gamma interferon is not clear. Prostaglandins
(PGE2) appear to modulate fibroblast growth. Neutrophils
seem to be involved in the pathogenesis of fibrosis. The
cells are recruited from peripheral blood by a macrophage-
derived factor. These neutrophils may contribute to the
development of fibrosis either by producing superoxide
anion or by influencing immune cornplexes.s

ORGAN INVOLVEMENT AND FUNCTIONAL
DERANGEMENT
No tissue of the human body is exempt from sarcoidosis.
The granuloma or fibrosis causes functional disturbances
and physiological abnormalities in the affected organ.

Lungs
The lungs are affected in more than 90% of patients with
sarcoidosis. Pulmonary granulomas have a predilection
for peribronchial, subpleural and interlobular septal con-
nective tissue. The alveolar septa, when infiltrated with
inflammatory cells and fibroblasts, become firm and
distorted. The blood vessels are involved in as many as
92% of all cases, but clinical pulmonary hypertension is
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Fig. 2 Pathogenesis of sarcoidosis: A schema

rare. The bronchial and bronchiolar mucosae are com-
monly involved. Extensive fibrosis in the advanced stages
results in honeycomb lung and cor pulmonale. Aspergil-
loma may occur in cystic bronchiectatic cavities or bullous
emphysema.

A large number of physiological studies have emphasized
functional changes characteristic of restrictive impairment.
Vital capacity, residual volume and total lung capacity are
reduced, and the loss of diffusing capacity remains,
perhaps, the most common abnormality in sarcoidosis.
The diffusing capacity is reduced even in patients with
hilar adenopathy without any associated parenchymal
infiltrates on chest X-ray (stage 1).7 Severe abnormalities
of gas exchange are also more frequent than is generally
realized. However, no single test or combination of lung
function tests, arterial blood gas analysis or pulmonary
symptoms can precisely predict exercise limitation in
patients with sarcoidosis. The obstruction of airways-
large and small-is quite common in sarcoidosis. The
abnormality may result from either one or any combina-
tion of the following three factors: (1) endobronchial
granulomas and bronchiolitis; (2) fibrosis and disruption
of the supporting structure around the airways; (3) release
of chemical mediators, complement products and
anaphylatoxins from activated alveolar macrophages.s "
Raised histamine concentrations are recorded in lavage
fluid from patients with sarcoidosis. The presence of
airway obstruction may indicate persistent and extensive
disease. 12

Lymphatic System
Involvement of the peripheral and other lymph-node clus-
te.rs, such as retroperitoneal nodes, varies from 32% to
78%. Higher figures for lymph node involvement are
observed at autopsy (Fig. 3). In lymph nodes the
granulomas may replace the whole gland structure or may
show patchy involvement with areas of relatively normal

lymph node structure. Lymphatic obstruction simulating
elephantiasis is extremely rare.

Liver
The liver is palpable in only 20% of patients with sarcoi-
dosis, but granulomas are observed in 63-87% depending
on the stage and activity of the disease. The differential
diagnosis of hepatic granuloma, particularly in the absence
of any evidence of multisystem sarcoidosis, requires an
extensive search for acid-fast organisms, other bacteria
and fungi, cytomegalovirus, schistosomiasis, primary
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Fig. 3 Frequency of various tissue involvement in 111autopsied
cases of sarcoidosis as compared with 350patients attending
the Sarcoidosis Clinic at Los Angeles County, University
of Southern California Medical Center
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Fig. 4 Liver function fluctuations in a woman with asymptomatic
granulomatous hepatitis. Even a small dose of prednisone
may induce normalization of the various tests. Mildly
abnormal liver function tests in an asymptomatic person
do not constitute an.indication for cortico-steroid therapy.

biliary cirrhosis, lymphoma, and neoplastic disorders.
Mild elevations of alkaline phosphatase and serum biliru-

~bin are common; severe jaundice is infrequent; and portal
hypertension is extremely rare (Fig. 4).

Spleen
The incidence of palpable splenomegaly varies from 1%
to 42%; however, splenomegaly is noticed' more fre-
quently at autopsy. Splenic involvement is usually silent;
very occasionally, it may cause pressure symptoms or
hypersplenism.

Myocardium
At autopsy myocardial granulomas are found in aoout
one-fourth of all patients with sarcoidosis. The
granulomas most commonly involve the left ventricular
septum. The aorta, pulmonary artery, superior vena cava,
and pulmonary veins are infrequently affected. The
pericardium and the valves are rarely involved. Because
of the patchy distribution of the granulomas, endomyo-
cardial biopsy is of limited value.

Eyes
The most common of the eye lesions is granulomatous
uveitis. Acute uveitis tends to clear spontaneously but
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progressive uveal tract inflammation may cause adhesions
(between the iris and the lens), glaucoma, cataract, and
blindness. Periphlebitis retinae haemorrhage, retinitis
proliferans, band keratopathy, proptosis and exophthal-
mos are some of the other uncommon manifestations of
ocular sarcoidosis.

Skin
The most specific cutaneous sarcoidosis lesion is lupus
pernio. It consists of raised violaceous indurated
plaques-affecting the nose, the nasal mucosa and the
surrounding areas of the face. Ulceration is rare.

Other Organs
Almost any organ can be involved. Kidney involvement
may lead to the nephrotic syndrome, uraemia, and renal
failure. Hypercalcaemia or hypercalciuria may result in
nephrocalcinosis or frank renal stones. The bones and
joints are affected but crippling arthritis is uncommon.
Sarcoid bone cysts are collections of granulomas surroun-
ded by a zone of osteoclastic re-absorption. Bone lesions
are not related to either serum protein or calcium levels.
Sarcoid granulomas may also be found in the meninges,
brain substance, hypothalamus, pituitary gland, spinal
cord, and cranial and peripheral nerves. The rare associa-
tion of thyroiditis, Addison's disease, Sjogren's syndrome
and sarcoidosis is popularly known as the TASS
syndrome. 13,14

AETIOLOGICAL AGENTS
Mycobacterium tuberculosis
Originally, the disease was considered to be an unusual
type of tuberculous infection. Schaumann suggested that
sarcoidosis represented an infection by a non acid-fast
variant of the tubercle bacillus.P Pinner believed that
sarcoidosis was a non-caseating type of tuberculosis. 16

The theory of tuberculous aetiology became popular
because of the histological similarity between sarcoidosis
and tuberculosis; the occurrence of tuberculosis before,
during or after clinical sarcoidosis; and occasional identi-
fication and isolation of both Mycobacterium tuberculosis
and the atypical mycobacteria from non-caseating
granulomas in a few patients with sarcoidosis.FJs-"
However, in an extensive study, Bowman and his associates
were unable to isolate any bacteria, fungi, mycoplasma or
acid-fast organisms from sarcoid granulomas.P Further,
acid-fast organisms in sarcoidosis are only found in the
lungs and lymph nodes (the two organs most commonly
affected by tuberculosis). The eyes, lachrymal glands, and
muscle (organs seldom affected by tuberculosis) have
only rarely shown any acid-fast bacilli. Most authorities
now agree that sarcoidosis is aetiologically different from
tuberculosis because of obvious epidemiological, clinical,
radiological and immunological differences.

Mankiewicz and van Walbeck suggested that sarcoidosis
results from invasion of the tissues by phage-infected
lysogenic mycobacteria that produce a granulomatous re-
sponse in individuals who lack the capacity to form phage-
neutralizing antibodies. Their hypothesis was based on
the findings of mycobacteriophages in the stools of
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patients with tuberculosis and with sarcoidosis, but not of
control subjects. They also found antimycobacteriophage
activity in the sera of patients with tuberculosis, but not in
those with sarcoidosis.v-P Kozmin-Sokolow and Kostina
found mycobacteriophages in only 2 of 40 samples
(serum, sputum and faeces) from 22 patients with sarcoi-
dosis and in 1 of 26 samples from 9 patients with tuber-
culosis.P There are two objections to the mycobac-
teriophage hypothesis: (1) Although cutaneous immunity
is impaired in sarcoidosis, the humoral or circulating
antibody system is intact and hyperactive; (2) experimental
studies show that the inoculation of M. tuberculosis alone,
mycobacteriophage D56A alone, or a mixture of both and
cortisone subcutaneously do not produce granulomatous
reactions similar to sarcoidosis.e'v" Furthermore, the
studies of Mankiewicz did not reveal whether the phage-
infected mycobacteria were the primary causal agents or
whether they represented superinfection.

Atypical Mycobacteria
Chapman and Speight investigated the possibility that a
hypersensitivity response to atypical mycobacteria might
be responsible for sarcoidosis.P The serum of 90% of .
their patients with sarcoidosis had detectable antibodies
to atypical mycobacteria against only 30% of control sub-
jects. Reid and Wolinsky, on the other hand, found no
evidence of precipitating antibodies to atypical mycobac-
teria in 29 patients with clinical sarcoidosis. 27

Virus
A viral cause of sarcoidosis was, considered by Lofgren
and Lundback, who isolated mumps influenza Newcastle
group virus from six cases of sarcoidosis in which skin
lesions showed typical non-caseating granulomas."
Regan and associates demonstrated virus-like particles
similar to the viruses of measles and infectious mononuc-
leosis attached to the red cells of a patient with sarcoido-
sis." Richters and colleagues have noted arrays or lattices
.of ovoid bodies within mitochondria measuring 10 to 13
nm in their largest diameters without tubular forms. They
did not resemble inclusions seen in lupus erythematosus
in any other way. The same investigators also described
linear densities of membranes of dilated cisternae that
resembled the partial expression of indigenous organisms. 30

Hirshaut and associates found significantly high serum
titres of antibody to herpes-like viruses (HLV or Epstein-
Barr virus) in 131 patients with sarcoidosis, the titres
being highest in the chronic stage. They regard HLV as a
passenger virus that possibly causes proliferation of the
lymphocytes in which it is found. 31 Biglino and co-workers
did not detect any circulating interferon in any of the 45
patients with sarcoidosis, suggesting that a viral cause of
sarcoidosis was unlikely. 32

Mycoplasma
Homma and colleagues found that mycoplasma from
throat swabs of patients with sarcoidosis could be isolated
more frequently than from control subjects. 33 Jansson and
co-workers could isolate an organism resembling Mycop-
lasma ovale from four of seven skin biopsy specimens

from each of two lymph nodes from patients with sar-
coidosis.>'

Fungi
Uesaka- and associates isolated Nocardia-like organisms
from the scalene and mediastinal lymph nodes of sarcoi-
dosis patients. 35

Propionibacterium acnes
Abe and associates examined 40 sarcoidosis lymph nodes
for P. acnes, and 31 (77.5%) cultures showed the organism.
At the same time, out of 180 non-sarcoidosis tissues 38
(21%) also revealed P. acnes in culture. This difference
was significant (p<O.OOl). 36

Although these findings indicate the possibility that a
variety of bacterial, fungal and viral organisms may exist
as 'passengers' in sarcoidosis tissue, there is not enough
evidence to suggest that they cause the disease.

Transmissible Agents of Mitchell and Rees
The elegant experimental studies of Mitchell and Rees
provide evidence for a viable transmissible agent from
human sarcoid tissue.37,38 Taub and Siltzbach found that
homogenates of sarcoid lymph node tissues were capable
of inducing epithelioid granulomas in the mice." Further
studies are needed to determine the nature of such an
agent and its role in causing sarcoidosis.

Allergy to Organic or Inorganic Agents or Chemicals
The occurrence of sarcoidosis in the pine tree growing
regions of the southeastern United States has indicated
allergy to pine pollens as an aetiological factor. 40,41 Skin
test studies showed that pine antigen produced a delayed
type of reaction in patients who live in these areas. Baer
therefore proposed that the habit of chewing pine needles
might be a cause.F Pine pollen is acidfast and contains
lipid components capable of inciting localized epithelioid
granulomas in animals. Vogel and Thrash administered
pine pollen intranasally to guinea pigs and mice. Foreign
body granulomas appeared in the lungs two months later.
However, no granulomas were observed in the liver and
spleen.f

Cummings and Hudgins found that intradermal injec-
tion of pine pollen extract in tuberculin-sensitive guinea
pigs produced epithelioid granulomas, both at the site of
injection and in the neighbouring lymph nodes." However,
epidemiological studies from countries other than the
United States have not confirmed the relationship between
the distribution of sarcoidosis and pine forests. Likewise,
the role of clay eating, inhalation of peanut dust and
hairsprays have never been defined as causative factors of
sarcoidosis.v= Merritt and his colleagues" distributed a
questionnaire to 41 black patients with ocular sarcoidosis
and 110 control subjects asking, particularly, about burn-
ing and chewing pine products (bark, gum, sap), and
employment in local weed, lumber, textile and tobacco
industries. Male patients chewed pine products more
often and were employed in the lumber and textile indus-
tries; whereas tobacco industry employment was frequent
in female sarcoidosis patients. Thus, the hypothesis that
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non-biodegradable substances might, in some way, be
related to sarcoidosis remains of interest.

Beryllium causes pulmonary granulomas that are histo-
logically indistinguishable from sarcoidosis. Case registers
in both the United States (Sprince and associates, Boston)
and United Kingdom (Jones Williams, Cardiff) emphasize
the continuing occurrence of berylliosis and the impor-
tance of immunological studies.P-" During the last 30
years, sources of exposure have changed from fluorescent
lamp manufacture, atomic bomb production and beryllium
extraction to the production of beryllium alloys and their
use in ceramics and tubes. Despite the similarity of beryl-
lium granulomatosis to sarcoidosis, there are differences
between the two diseases.

Zirconium and silica are known to produce granulomas
in sensitized individuals, but other elements, except
beryllium, do not have the same granuloma-producing
properties.v-P However, there is a fundamental differ-
ence between multisystem sarcoidosis and the sarcoid
reaction. Systemic sarcoidosis has never been produced
by injecting or inhaling the agents that provoke local sar-
coid reactions, and not a single case of typical multisystem
sarcoidosis has been shown to be caused by substances
that produce local lesions.

Phenylbutazone, sulphonamides and methotrexate are
some of the drugs which cause granulomatous reaction. 54

Goldstein reported a patient who had developed fever,
rash, lymphadenopathy, and hepatosplenomegaly after
six weeks of treatment with phenylbutazone. His liver and
scalene node biopsies showed non-caseating granulomas
and positive skin tests to phenylbutazone. 55 Lebacq and
Desmet, and Thurston and co-workers described patients
with sarcoid-like involvement of the liver and the
lungs.56•57

AUTOIMMUNITY
A relationship between autoimmune disorders and
sarcoidosis has been proposed above but reports of sar-
coidosis coexisting with connective tissue diseases are
rare. In an extensive review of the literature, Wiesenhutter
and Sharma found one case of sarcoidosis coexisting with
progressive systemic sclerosis and two cases of sarcoidosis
with systemic lupus erythematosus (SLE). They added
four additional cases of sarcoidosis occurring in association
with collagen vascular diseases. 58

Telium noted similarities between SLE and sarcoidosis
and stated that the common features were hyperglobuli-
naemia, a specific development of hyalinosis in the
reticuloendothelial system (which was sometimes found
in direct relation to an accumulation of plasma cells),
epithelioid cell granuloma without any tendency to nec-
rosis, and periarterial hyaline zones in the spleen. He
believed that the hyalinosis represented deposition of
gamma globulin and postulated that sarcoidosis was the
result of an immunity reaction.59,60 However, the inclu-
sion of sarcoidosis among autoimmune disorders has not
been generally accepted because the disease does not
meet the criteria of Milgrom and Witebsky for these
diseases."
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Volpe contends that most, if not all, of the organ-
specific immune disorders, such as Hashimoto's
thyroiditis, Graves' disease, idiopathic Addison's disease,
idiopathic hypoparathyroidism, Sjogren's syndrome,
idiopathic thrombocytopaenic purpura, and myasthenia
gravis are a result of a specific defect in suppressor T cells
permitting the liberation of a 'forbidden' clone of organ-
specific self-reactive T cells, and the activation of B cells,
resulting in both cell-mediated and humoral hypersen-
sitivity.s- The freeing of more than one 'forbidden' clone
would result in additional disorders and would explain the
frequent occurrence of these disorders. If sarcoidosis
shares an immunoregulatory defect, it might be assumed
that autoimmune disorders would occur in association
with sarcoidosis in greater frequency than predicted by
chance alone. There are several immunological features
that might be acceptable indicators of an autoimmune
disease.

Uveitis
Both infectious and immunological mechanisms have
been considered to be the aetiological basis of human
uveitis. Since double-stranded DNAand double-stranded
RNA are found in uveitis and discoid lupus erythematosus,
this has been used as evidence to suggest that they have
similar immunological or infectious, or both, mechanisms. 63

Uveitis is present in 20% to 25% of sarcoidosis patients.

Sjogren's Syndrome
This is a chronic, inflammatory autoimmune disorder
characterised by dryness of the eyes, mouth, and other
mucous membranes. As many as 50% of these patients
have an associated connective tissue disease.v' James
found four cases of Sjogren's syndrome in one series of
200 patients.v' However, using the Schirmer test and eye
instillation of Bengal pink, Crick and associates found
evidence of dry keratoconjunctivitis in 70% of their cases
of sarcoidosis.v Parotid (6%) and lachrymal (3%) gland
enlargement in sarcoidosis should not be confused with
Sjogren's syndrome.v? .

Endocrinological Disorders
The association of sarcoidosis and thyroiditis has received
little attention. Mayock and co-workers mentioned that
only 2 out of 145 (1.4%) patients had clinical features of
Hashimoto's thyroiditis.P Karlish and MacGregor descri-
bed 4 (1.3%) patients with clinical thyroiditis in their
series of 300 sarcoidosis patients.s? Hancock and Millard
reported 5 cases with thyrotoxicosis and sarcoidosis from
their hyperthyroid clinic comprising 2100 patients. One
case had sarcoidosis, thyrotoxicosis, vitiligo and perni-
cious anaemia, and another case had sarcoidosis and
thyroiditis.?" They felt that such an association could
result from an autoimmune disturbance resulting from the
loss of T-cell control. In animal models of spontaneous
thyroiditis, the underlying factor appears to be a deficiency
of suppressor T cells. A combination of thyroiditis, Addi-
son's disease, Sjogren's syndrome and sarcoidosis (TASS
syndrome) has been reported. 13
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Haematological Disorders
Thrombocytopaenia has not been adequately studied in
sarcoidosis. Dickerman and associates presented 2 cases
and reviewed 37 more of sarcoidosis complicated by
thrombocytopaenia." The bone marrow examination
revealed increased megakaryocytes, suggesting that the
reduction in the number of platelets was due to a shor-
tened life span. Swaak and associates have demonstrated
IgG deposits on the platelets by the direct immunofluore-
scence technique.F

There are several other autoimmune and related dis-
orders that have been associated with sarcoidosis.
However, these reports are sporadic and their incidence
has not been systematically analysed.

CANCER AND LYMPHOMA
It is well known that sarcoid reaction or sarcoid-like
granulomas may be found in regional lymph nodes drain-
ing a carcinoma or a lymphoma.P:" Granulomas have
also been found in carcinomatous tissue, which have been
treated by radiotherapy or chemotherapy. This local reac-
tion should not be confused with multisystem sarcoidosis. 76

Occasionally, a neoplasm may produce bilateral hilar
lymphadenopathy and create a diagnostic problem.
Rarely, sarcoidosis and cancer may coexist in the same
patient. By applying strict diagnostic criteria, most
reported cases can be separated into local granulomatous
reactions and multisystem sarcoidosis.Z'i'"

In a small number of cases, the coexistence of systemic
sarcoidosis and Hodgkin's disease has been reported.
Brennan and associates, using strict diagnostic criteria for
both diseases, found 11 acceptable cases of sarcoidosis
and lymphoma and added one more to the list. 79 In almost
all these cases sarcoidosis was diagnosed first. 80 Although
a connection between sarcoidosis and Hodgkin's disease
has been postulated on the basis of similar clinical and
immunological features, so far no convincing evidence of
any aetiological relationship has been found. 81-84

Whether the immunological defect in sarcoidosis leads to
the development of Hodgkin's disease or vice versa or
whether the same virus is responsible for both disorders
remains speculative, and prospective epidemiological and
clinical studies using strict diagnostic criteria are needed
to provide a clue to the nature of such an unusual relation-
ship. Brincker, and Brincker and Wilbek found that
malignant lymphoma occurred eleven times more fre-
quently than expected in sarcoidosis.s=? Recently,
Romer critically re-examined the data and failed to show
any excess of lymphoma occurrence in patients with
sarcoidosis compared with the general population.f
James reported that he had not observed any increased
incidence of malignancy in the 1000 patients with sarcoi-
dosis who were under his care in London.P

AMYLOIDOSIS
The occurrence of secondary amyloidosis during the
course of chronic disease, including tuberculosis, leprosy,
rheumatoid arthritis and osteomyelitis, is well known. 89,90

There are a few sporadic case reports that describe the

unusual association of amyloidosis and sarcoidosis.P'-"
Four of our 116 autopsied cases had amyloidosis." The
diagnosis of amyloidosis was based on the presence of
typical amyloid deposits in various organs, including the
lungs, lymph nodes, kidney, liver, and the myocardium.
In three of the four cases sarcoidosis might have been the

, factor responsible for the development of secondary
amyloidosis; however, in the fourth, amyloid was found
only in the myocardium and probably represented primary
or senile cardiac amyloidosis. But why is amyloidosis so
rare in sarcoidosis? Amyloidosis tends to occur in
hyperactive immune states and sarcoidosis is charac-
terized by a hyperactivity of the cellular as well as the
humoral antibody systems. Serum IgG values are elevated
in about one-half of all patients with sarcoidosis, IgM in
25% and IgA in about 10% of the patients. One reason
why amyloidosis is so rare in sarcoidosis may be that as
many as 80% of patients recover within a two year period.
However, this explanation is probably not valid because
amyloidosis may develop within a short time. Further
studies assessing the activity and control of serum amyloid
A gene expression in sarcoidosis patients should provide
some insight into the development of amyloidosis in
sarcoidosis.P'

HOST FACTORS
The search continues for factors, inherent or acquired,
that govern and modify the immunological response of
the host to various antigens resulting in granuloma
formation.

Is smoking a risk factor in sarcoidosis?
Using a case control protocol, Harf and associates com-
pared the smoking habits of sarcoidosis patients with control
subjects matched for age, sex and birthplace. There was a
four-fold greater chance for non-smokers to have sarcoi-
dosis than smokers.f In another study a weak negative
association between sarcoidosis and smoking was found.
The risk of developing sarcoidosis decreased with increas-
ing levels of smoking, particularly in black women. To
examine the relationship further Lawrence and associates
performed bronchoalveolar lavage in 12 sarcoidosis
patients (5 non-smokers, 7 smokers) and 15control subjects
(8 non-smokers, 7 smokers). The percentage of totallym-
phocytes (T3), helper T lymphocytes (T4), and helper:
suppressor (T4 : T8) ratio were reduced in normal smokers
but not in sarcoidosis patients who smoked. Non-smoking
sarcoidosis patients showed a decreased percentage of
suppressor (T8) lymphocytes and T4 : T8 ratio compared
with non-smokers without sarcoidosis. An increase in
IgA, C3, alpha-l-antitrypsin, fibronectin and B2-macrog-
lobulin have been found in the bronchoalveolar lavage
fluid in non-smoking sarcoidosis patients." These findings
warrant further study to determine whether or not smoking
offers protection against the development of sarcoidosis.

H LA and Sarcoidosis
During the last 15 years, conflicting reports concerning
the association of HLA phenotypes and sarcoidosis have
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appeared. Moller and associates and Kueppers and col-
leagues found no relationship between the HLA-B7
phenotypes and sarcoidosis in a German population.w-"
Brewerton and associates reported that in sarcoidosis
patients with arthritis, there was an increased incidence of
B8 and the haplotype AI-B8.99 Among black patients,
there was no increase in the frequency of HLA in the A
and B 10ci.lOONewill and colleagues demonstrated an
association of the disease with HLA-A W30 and with a
group of cell surface antigens that serologically cross-
react with AW30.101 According to Tachibana and his col-
leagues, there is an increase in HLA-DR-MT2 and HLA-
B-W61 in Japanese sarcoidosis patients. 102 Thunell and
colleagues, on the other hand, found a significant increase
in HLA-B8 in patients with erythema nodosum and HLA-

. B27 in Swedish patients with advanced sarcoidosis. 103.104

CONCLUSION
There are many unanswered questions about sarcoidosis.
In which organ does the disease originate? How does it
disseminate? Considerations are that sarcoid spreads
through either a haematogenous or a lymphatic route, or
that it originates from either a hypersensitivity reaction or
a vasculitis. It is possible that the initial alveolar injury
that results in the formation of the immune and inflam-
matory reaction in sarcoidosis is caused by an inhaled
antigen. After this stimulus the alveoli tis may either
resolve or remain dormant indefinitely, or it may become
chronic resulting in persistent granuloma formation and
fibrosis. The exact antigen or antigens that cause the initi-
ation of the alveolitis remain obscure, but the formation
and perpetuation of the granuloma is carried out by
activated T cells. 105-107 The presence of hyperglobulinae-
mia, defective suppressor T-cell function, loss of self-
tolerance to self antigens with the appearance of auto-
antibodies, uveitis and the favourable response to
immunosuppressive therapy suggest that an autoimmune
mechanism plays an important role in the pathogenesis of
sarcoidosis. 108.109

The expression of the sarcoid granuloma may be influ-
enced by hormonal or environmental stimuli. A genetic
predisposition or genetic abnormality may playa role in
the expression of the disease. Okabe et al. have recently
demonstrated chromosomal aneuploidy in the granuloma
cells.'!" It can be speculated that the stimulus for the for-
mation of the aneuploidy chromosomes formation origi-
nates from a chromosomal abnormality or the desuppres-
sion of some virus, or it may be due to a bacterial phage
that has not yet been isolated. It is conceivable that an
environmental agent may stimulate the formation of the
aneuploidy cells and the formation of sarcoidosis. On the
other hand, it is just as possible that chromosomal aneup-
loidy may be totally unrelated to granuloma formation.

The pathogenesis of sarcoidosis is still undefined but
with the current facilities that are now at our disposal in
the fields of electron microscopy, virology and immuno-
logy, we should be able to identify the aetiological agent
in the not-too-distant future.
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The neurotoxic disease lathyrism
DWIJENDRAN. ROY

INTRODUCTION
Human lathyrism, or neurolathyrism, is caused by the in-
gestion of certain Lathyrus species, namely L. sativus
(chickling vetch), L. cicera (flat-podded vetch) and L.
clymenum (Spanish vetchling).

In certain areas of the world, L. sativus provides a com-
paratively nutritious and inexpensive diet among poor
people. During natural calamities such as flood and
drought, when other general food crops are damaged or
destroyed, the hardy crop, L. sativus becomes a survival
food for humans and domestic animals. Under these con-

Institute of Neurotoxicology, Department of Neuroscience,
Albert Einstein College of Medicine, Bronx, New York, USA

© The National Medical Journal of India, 1988

ditions, when L. sativus constitutes approximately two-
thirds of the daily diet, humans and domestic animals de-
velop lathyrism. 1-7

The search for a causative factor or group of factors in
Lathyrus presumed to be responsible for the onset of the
disease has resulted in the identification of various chemi-
cals having potential toxic properties, all of which have
been generally termed 'lathyrogens'.

THE DISEASE LATHYRISM
Historical and General Background
The ancient Hindu treatise, Bhavaprakasa, mentions that
'the triputa pulse causes a man to become lame and it crip-
ples and irritates nerves'. 8 Hippocrates (460-377 B.C.)


