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Sarcoidosis is a multiorgan granulomatous disease of unknown 
etiology. The initial description of the disease by Jonathan 
Hutchinson in 1877 focused on skin involvement and a report in 
1910 by Bering observed eye involvement (1). However with the 
advent of chest roentgenograms in 1915 two Swedish physicians 
Jorgen Scheumann, a dermatologist and Sven Lofgren, a chest 
physician, defined the characteristic involvement of mediastinal 
and hilar lymph nodes with noncaseating granulomata. Although 
many organs may .. ..be involved .in sarcoid, the .lung is most commonly 
affected and accounts for the majority of morbidity and mortality 
from the disease. This review will focus primarily on current 
concepts concerning the immunopathogenesis and management of 
pulmonary sarcoid. 

Epidemiology 

Sarcoidosis has been reported from virtually every corner of 
the globe, though some populations demonstrate a markedly 
increased incidence. In Sweden, screening roentgenograms 
suggested an incidence of 64/100,000 though autopsy studies 
indicated that the incidence might actually be ten fold higher 
(2). In Japan, the incidence was less than 1/100,000 and cases 
were clustered in northern and central Japan (3). In the United 
States the prevalence of disease is approximately 5/100, ooo in 
whites and 40/100,000 in blacks (4). A similar six-fold increase 
in the black population has also been reported in South Africa. 
Interestingly the disease is uncommon in Chinese and American 
Indians. 

Most series report a 2:1 female:male predominance in the 
United states while some series from Europe have demonstrated an 
even distribution. Although the majority of cases are diagnosed 
between age 20-40, 10% of cases make their initial presentation 
after age 60 and the disease is well described in pediatric 
populations. Some studies comparing the incidence in monozygotic 
versus dizygotic twins have suggested a familial form of the 
disease though this appears to be uncommon (5,6). 

Based on most epidemiologic studies it is apparent that the 
majority of patients with sarcoidosis are either asymptomatic or 
have such minor symptoms that medical attention is not sought. 
Thus it has been estimated that 80% of all cases of sarcoid go 
undetected. 

Clinical Presentation 

Patients who develop symptoms related to sarcoidosis may 
present with generalized complaints, symptoms attributable to 
extrapulmonary involvement, or findings localized to the 
respiratory tract. In several large series (7-9) (Table 1) 40-
50% of patients complain of constitutional symptoms including 
malaise, weight loss, fevers, sweats and myalgias. Approximately 
15-30% of patients display signs of peripheral lymphadenopathy, 
splenomegaly or hepatic enlargement. 
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Table 1 

Clinical symptoms at Presentation 
In 448 Patients With Sarcoidosis 

Number 1 

Asymptamatic 

Respiratory 

Skin 

Constitutional 

31 

226 

137 

210 

7 

50 

30 

47 

Skin lesions may be found in at least 15% of sarcoid 
patients {10). These lesions may be either specific or 
nonspecific for sarcoid. Lupus pernio, the most classic skin 
lesion in sarcoid is a violaceous indurated lesion which 
preferentially involves the ear, lips, and nose. The nasal 
lesion is usually associated with granulomatous involvement of 
the nasal mucosa. This lesion is most common in women with 
extensive pulmonary and extra-pulmonary involvement. 

Other common skin lesions include: a) plaques usually 
located on the limbs, face and back in a symmetrical 
distribution; b) maculopapular eruptions on the face and upper 
back which occur more frequently in black patients; and c) 
subcutaneous nodules {Darier-Roussy lesions) representing dermal 
and subcutaneous granulomata. Erythema nodusum is quite common 
in European patients but occurs in less than 10% of American 
patients. This lesion is commonly associated with fever, malaise 
and polyarthralgia. Of note this syndrome of a marked 
inflammatory response in patients with sarcoidosis is generally 
viewed as presaging a benign clinical course. 

A variety of other organs may be involved with sarcoid 
including the eyes, central nervous system, heart and joints. 
Considerable morbidity may result from these processes, though 
symptoms related to involvement of these organs are rarely the 
cause for presentation. 

Eye involvement occurs in 5-10% of patients {11) . A 
granulomatous uveitis may present acutely with redness of the 
eyes and blurred vision. Chronic uveitis may present with pain 
or may be subclinical. Opthalmologic evaluation should thus be 
performed on all sarcoid patients. Retinal involvement has been 
described but is rare. Anterior uveitis can often be treated 
with topical steroid drops but posterior involvement requires 
systemic therapy. 

Central nervous system involvement may present with signs of 
a basilar meningitis, psychiatric dysfunction, or a space 
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occupying lesion ( 12-14) • CNS involvement occurs in <10% of 
patients. The basilar meningitis may be associated with cranial 
nerve palsies, or hypothalamic/pituitary dysfunction. Peripheral 
neuropathy may also complicate sarcoid. High dose corticosteroid 
therapy is the treatment of choice for neurosarcoid. 

Cardiac sarcoid is an important and largely undiagnosed 
complication. Although clinically evident cardiac involvement is 
rare, autopsy series -disclose a 25-30% incidence of cardiac 
involvement (15-19). Although the literature often stresses the 
infiltrative nature of involvement, overt restrictive or 
constrictive disease is rare. Unfortunately ventricular 
fibrillation may be the initial presentation of cardiac sarcoid 
and this diagnosis should be entertained in young African 
Americans with unexplained ventricular ectopy. 

Involvement of the respiratory tract produces symptoms in 
30-50% of individuals with sarcoidosis. Characteristic 
complaints include dyspnea on exertion, chest pain, and a 
nonproductive cough. More importantly 40-70% of patients with 
sarcoidosis display reductions in lung volumes or diffusion 
capacity for carbon monoxide (DLCO). Significant resting 
hypoxemia is uncommon in sarcoid, though arterial desaturation 
may occur with exercise (20-22). 

Granulomatous involvement of the airways may be found in 
both the upper and lower respiratory tract (23). Although overt 
sinusitis is present is only 5% of sarcoid patients, 
endobronchial involvement is common. In approximately 20% of 
sarcoid patients significant reductions in expiratory flow rates 
indicating airways obstruction may be noted on spirometry. Some 
authors contend that all sarcoid patients display evidence of 
obstruction if sensitive techniques are utilized and many 
patients with sarcoid demonstrate abnormally hyper-reactive 
responses to methacholine. 

Chest Roentgenograms 

Radiologic studies have contributed considerable insight 
into the course of sarcoid (24,25). The most commonly utilized 
staging system has been developed by Siltzbach (Table 2). Stage 
o, a normal radiograph occurs in less than 10% of patients at 
presentation. Stage I, indicating bilateral hilar adenopathy 
without parenchymal involvement, occurs in 35-45% of patients. 
Mediastinal adenopathy without hilar involvement or unilateral 
hilar involvement can occur but is relatively uncommon. 
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Table 2 

Frequency of Chest Roentqenoqraphic Findinqs 
in 764 Patients With sarcoidosis 

Stage 0 

Stage I 

Stage II 

Stage III 

8% 

37% 

34% 

21% 

Stage II sarcoid demonstrates both hilar adenopathy and 
parenchymal lung disease. Stage II disease is present in 
approximately 35% of patients at presentation. stage III 
disease, defined as parenchymal disease only, occurs in 20% of 
presenting patients. At its extreme, Stage III disease may show 
cystic changes consistent with pulmonary fibrosis. 

High resolution CT (HRCT) scanning may provide more 
definitive description of alveolar architecture. However in most 
studies HRCT and plain roentgenograms provide similar assessments 
of disease severity and the role of HRCT in sarcoid thus appears 
limited (26-28). Longitudinal studies have demonstrated that 
Stage I disease may progress to Stage II disease, and that as 
Stage II disease progresses hilar adenopathy may regress until 
Stage III sarcoid is present. Although there is a wide variation 
between series it is generally agreed that radiographic stage at 
presentation is an important prognostic sign (Table 3). 
Spontaneous radiographic resolution occurs in 50-80% of Stage I 
disease, 50-60% of Stage II disease and 30% of Stage III disease. 
Radiographic resolution occurs within 12-24 months of diagnosis 
in 85% of patients ultimately demonstrating radiographic 
clearing. 

Table 3 

Frequency of Radioqraphic Resolution 
in sarcoidosis 

Stage I 

Stage II 

Stage III 

50-80% 

50-60% 

20-30% 

It is important to note, however, that abnormalities of the 
chest radiograph correlate poorly with either pulmonary function 
testing or clinical symptoms (29,30) (Table 4). Radiographic 
abnormalities may thus be of limited use in following a patient 
with sarcoid once the diagnosis is established. Nevertheless, 
studies which have evaluated the clinical course of sarcoid 
suggest that the initial stage at presentation correlates with 
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ultimate outcome. In a study from a primary care setting (Table 
5), Reich (31) reported a favorable outcome in over 80% of Stage 
I or II patients, but only 56% of Stage III patients. 

stage 

I 

II 

III 

Table 4 

correlation of Radioqraphic staqe 
With Pulmonary Function Testinq 

Range of FVC (% pred) Range of DLCO (% pred) 

62-140 44-120 

53-120 24-100 

27-97 17-108 

Table 5 

Proqnosis of Patients With Sarcoidosis 
In a Primary care Settinq (52 month F/U) 

Stage I 

Stage II 

Stage III 

same or Improved 

88% 

83% 

56% 

Am. J. Med. 78:61, 1985 

Diagnosis of sarcoid 

The currently accepted diagnostic standard for sarcoidosis 
involves the demonstration of non-caseating granulomas in one or 
more organs in the setting of radiographic or clinical findings 
consistent with sarcoid. Because granulomas may be found in a 
variety of diseases including infection, malignancy, 
hypersensitivity lung diseases and local reactions to inert 
foreign substances it should be recognized that sarcoid in many 
instances is a diagnosis of exclusion. 

However, the finding of bilateral hilar adenopathy (BHA) is 
uncommon in diseases other than sarcoid. In a series (Table 6) 
from the pre-HIV era sarcoid (32) accounted for 74% of 
consecutive cases of BHA while lymphoma contributed 20%. More 
importantly all asymptomatic patients with BHA in this series had 
sarcoid. Whether similar results would be expected in the post
HIV era is uncertain. 
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Table 6 

causes of Bilateral Hilar Adenopathy (BHA) 
In 100 Consecutive Patients 

Patients Patients 
Diagnosis Sampled with BHA 

Sarcoid 99 74 

Lymphoma 212 20 

Lung Carcinoma 500 4 

Extrathoracic Malignancy 1201 2 

%Total 

74 

9.4 

0.8 

0.2 

For the patient with symptoms and clinical presentation 
suggestive of sarcoidosis most authors agree with the need for a 
tissue diagnosis. Although a variety of sites (33-44) have 
previously been utilized for biopsy with varying rates of success 
(Table 7) the currently accepted approach to sarcoid patients is 
fiberoptic bronchoscopy with transbronchial biopsy. Diagnostic 
yield ranges between 85%-95% regardless of the radiographic stage 
of disease. 

Table 7 

Yield of Biopsies For Diagnosing sarcoidosis 

%Positive 

Skin 88 

Salivary Glands 58 

Conjunctiva 55 

Liver 82 

Lymph nodes 86 

Mediastinum 94 

Transbronchial 85 

Furthermore, though the lung can be involved with granuloma 
from a variety of processes relatively few are likely to produce 
lesions accessible by transbronchial biopsy (Table 8). Thus in 
the appropriate clinical setting and in the absence of positive 
tissue cultures, the findings of non-caseating granuloma on 
transbronchial biopsy is highly indicative of sarcoidosis. 
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Table a 

Diseases Where Transbronchial Biopsy 
commonly Yields Granuloma 

Sarcoidosis 

Tuberculosis 

Fungal Infection 

Berylliosis 

Immunopathoqenesis of sarcoid 

Alterations of immune function have long been described in 
the context of sarcoidosis (45, 46). Most common amongst these 
abnormalities has been the findings of polyclonal 
hyperglobulinemia in roughly 2/3 of patients and the presence of 
cutaneous anergy in 50-60%. Interestingly, although some authors 
have reported a somewhat increased incidence of lymphoma (47-49) 
in sarcoid patients, there is otherwise no clinical data to 
suggest that sarcoid patients are immunocompromised {50). 
Cutaneous anergy likely reflects the action of both suppressor 
cells in the skin and a relative depletion of CD4 lymphocytes in 
the peripheral circulation (see below). Indeed in studies 
utilizing highly purified blood T cells the proliferation of 
lymphocytes to antigen was similar in sarcoid patients and 
healthy controls. 

The central finding in sarcoidosis suggesting an altered 
immune response is the widespread distribution of granulomata 
(51-53). The lungs are involved out of proportion to other 
organs in most series with granulomata found primarily in the 
alveolar septa, around lymphatics and occasionally in 
perivascular regions. The granuloma consists of a follicle of 
macrophages and multi-nucleated giant cells which are rich in 
secretory granules. Around this central lesion exists a 
predominance of CD4 lymphocytes. As the lesion progresses, the 
total number of lymphocytes and CD4 cells may decrease and CDS 
lymphocytes may predominate (54, 55) • B cells and plasma cells 
are also present indicating the synthesis of immunoglobulin 
around the granuloma. 

An identical granuloma in skin can be induced by the 
introduction of a crude extract from spleen or lymph node 
preparations taken from sarcoid patients (56-58). This test, 
called the Kveim-Siltzbach test, induces non-caseating granuloma 
formation 4-6 weeks post intradermal inoculation in 75% of 
sarcoid patients. The popularity of this test in diagnosing 
sarcoid is limited, however, due to a lack of standardization and 
availability. 
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In many granulomata an increase in fibroblasts is noted. 
However the development of diffuse fibrosis is unusual and most 
granulomata ultimately resolve with little permanent fibrosis . 
This resolution occurs despite . the production of numerous pro
fibrogenic cytokines (59-62) suggesting that release of these 
mediators alone is insufficient for the development of permanent 
fibrosis. Because the respiratory tract is the predominant site 
of disease and the radiographic changes in sarcoid are consistent 
with an immune · response to an i-nhal-ed antigen, attention has 
focused on the local pulmonary immune response in sarcoid. 

The wide spread use of bronchoscopy, which began in the mid 
1970's, quickly lead to further investigation of the pathogenesis 
of sarcoidosis. These studies have contributed significant 
understanding to the regulation of immune processes in the lung. 

The Role of T Lymphocytes 

Seminal observations made in the late 1970's and early 
1980's established a compartmentalization of activated CD4 
lymphocytes in the lungs of patients with sarcoidosis (54, 63-
66). In normal individuals lymphocytes comprise 10% or less of 
the total mononuclear cell population in the alveolus as 
determined by bronchoalveolar lavage (BAL). In patients with 
sarcoidosis an early study (67) demonstrated that 60% of cells 
obtained by BAL were lymphocytes (Figure 1). 

100 

10 

Figure 1 

o.... 
lli:i!l-

Cellular composition of BAL of normal subjects and patients 
with idiopathic pulmonary fibrosis or sarcoidosis 

The finding of increased lymphocytes in BAL correlated with the 
number of lymphocytes found infiltrating the pulmonary 
interstitium. The term "active alveolitis" was thus defined (68) 
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as a BAL lymphocyte count >28%, since this number appeared to 
differentiate between an active histological picture of 
inflammation and a more quiescent lesion. Interestingly the 
number of BAL lymphocytes did not correlate with the extent of 
granuloma formation (69,70) and indeed the finding of an 
alveolitis appeared to predate the development of granuloma 
(Table 9). 

Table 9 

Relationship Between Lymphocytic Alveolitis 
and Extent of Parenchymal Granulomas 

Granulomas 

Alveoli tis 

0 28% 30% 45% 50% 

1+ 11% 40% 35% 50% 

2+ 61% 30% 19% 0% 

Monoclonal antibody evaluation of lymphocyte markers quickly 
established the characteristic patterns of sarcoid lung 
involvement (64,71). While the mean number of CD4+ lymphocytes 
in peripheral blood was reduced, Hunninghake and colleagues (63) 
demonstrated a marked increase in CD4+ cells in BAL (Figure 2). 
CDS+ cells in contrast were enriched in blood but reduced in the 
alveolus. Similar patterns were observed at other sites of 
disease activity including skin, lymph node, and spleen (Table 
10) • 

Fiqure 2 
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iil>- • .. 40 • :c ... • • 0 • t 20 

• • • • 
h • • • 

• r • • • • • • 

Lung Blood Lung Blood Lung Blood Lung Blood 

Normal IPF High Intensity Low Intensity 
Alveolitis Alveolitis 

f----- Sarcoidosis -----! 

Proportions of CD4 cells in lunq and blood of normal 
subjects and patients with interstitial lunq disease 
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Table 10 

Local CD4/CD8 Ratios In sarcoidosis 

Tissue Sarcoid Control 

Lung 9 2 

- Lymph -node 24 5 

Liver 18 2 

Skin 20 

Further analysis of BAL CD4+ cells revealed that the 
majority of these cells expressed CD29, a marker thought to be 
consistent with a helper-inducer function while they were CD45 
RA- (the subset functioning as a suppressor-inducer fraction). 
However subsequent advances in the study of T cell maturation are 
more consistent with the CD4+/CD29+/CD45RA- cell being a 
previously activated memory cell which has infiltrated the area 
of disease activity (72,73). Indeed these cells in BAL have been 
demonstrated to express the CD45 RO marker consistent with memory 
T cell function (74,75). 

Evidence of activation of these CD4+ lung cells has been 
several fold. First, lung T cells but not blood lymphocytes from 
sarcoid patients demonstrate increased expression of several 
activation markers including Class II major histo-compatability 
(MHC) antigen, CD71 (the transferrin receptor), and the VLA-1 
late activation antigen (76-78). More importantly, isolated lung 
T cells have been demonstrated to spontaneously release IL-2, a 
cytokine important for ongoing lymphocyte proliferation and 
express mRNA for IL-2 (79-82). These cells also spontaneously 
produce chemotactic factors for monocytes and macrophages, 
release the potentially macrophage-activating cytokine gamma 
interferon, and induce blood B cells to produce immunoglobulin 
(63). Finally, lung T cells spontaneously incorporated tritiated 
thymidine indicating that they were actively proliferating 
(83,84). The central hypothesis for the immunopathogenesis of 
sarcoid in the early 1980's was thus one of a disease perpetuated 
by an intrinsic alteration (63) in lung T cell function. These 
cells were capable of releasing cytokines which recruited and 
activated other immune cells with resultant granuloma formation. 
Indeed several studies evaluated the possibility that T cells 
had been permanently transformed by a retrovirus (85,86). 
However the concept that sarcoid reflects an intrinsic 
abnormality of T cells has come to be modified by several 
subsequent observations. 

First, lung lymphocytes from sarcoid patients quickly lost 
their "activated" phenotype, stopped producing IL-2, and ceased 
proliferation within 24 hours of in vitro culture (Figure 3) 
(79). These observations suggested that ongoing T cell 
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activation was stimulated by a local factor in the pulmonary 
milieu and did not reflect an intrinsic property of sarcoid lung 
T cells. Secondly, studies analyzing the T cell antigen receptor 
have demonstrated that lung T cells have decreased expression of 
the alpha/beta T cell receptor compared to blood T cells when 
they are freshly isolated but increased mRNA transcripts for the 
beta chain (87, 88). These studies are most consistent with a 
recent activation of lung T cells through the T cell receptor 
following the presentation of antigen in .the pulmonary milieu. 
Finally several studies have reported a preference for T cell 
receptor phenotypes in the lungs of sarcoid patients which would 
be most consistent with stimulation by a specific antigen (see 
below). Attention has therefore focused on the local stimulation 
of T cells by antigen in the pulmonary milieu, particularly by 
lung macrophages. 

Figure 3 
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Time course of I:L-2 mRNA and I:L-2 production by BAL T cells 
obstained from sarcoid patients. Spontaneous production fell to 
baseline within 12-24 hours. Cells were capable of response to 
mitoqen (PHA/PMA) indicating continued viability. 
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The Role of Lung Macrophages 

The alveolus is normally a poor environment for the 
activation and proliferation of T cells in response to antigen. 
Numerous studies have demonstrated that alveolar macrophages 
(AM) , which comprise >90% of normal BAL mononuclear cells, are 
poor stimulators of primary T cell proliferation in response to 
antigen compared to peripheral blood monocytes (89, 90). In 
addition normal -AM appear .capable of _suppressing T cells and 
inhibiting T cell activation through the T cell receptor, in part 
by ablating the generation of second messengers necessary for T 
cell proliferation (91,92). 

In contrast, AM from patients with sarcoidosis are efficient 
stimulators of T cell proliferation in response to soluble 
antigen (90,93) (Figure 4). Indeed sarcoid AM are as efficient 
as peripheral blood monocytes and markedly superior to normal AM. 
The enhanced stimulatory capacity of sarcoid AM appears to be 
explained in part by the presence of recently recruited 
peripheral blood mononuclear phagocytes (94, 95). Analysis of 
sarcoid AM phenotye with monoclonal antibodies demonstrated 
increased expression of markers (CDllb, CD13, CD14) found on 
monocytes but less commonly on normal AM. 
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considerable data suggests that sarcoid AM are in an 
immunologically activated state. Phenotypic studies demonstrated 
increased density of Class II MHC molecules, transferin receptors 
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(CD71) and the alpha chain of the IL-2 receptor (CD25) on sarcoid 
AM. More importantly sarcoid AM release pro-inflammatory 
cytokines (96-98) such as tumor necrosis factor-alpha (TNF), IL-
6, IL-l beta and can release factors important for fibroblast 
growth (99-101) ·including fibronectin and alveolar macrophage 
derived growth factor. The production of ~,25 vitamin D and 
angiotensin converting enzyme by AM has also been demonstrated to 
reflect the activation of AM by lymphokines (102-104). 

However, the role of AM in the sarcoid lung appears complex. 
Because normal AM appear highly suppressive of lymphocyte 
responses, some changes in "activation" may actually reflect a 
loss of suppressive properties. Arachidonic acid metabolism is 
altered in sarcoid AM in a manner likely to reduce suppression of 
lymphocyte responses ( 105) • Similarly, a recent study 
demonstrates that sarcoid AM are permissive of early events in T 
cell activation stimulated through the T cell receptor, in sharp 
contrast to normal AM (106). 

Perhaps the most striking evidence of the role of AM in 
stimulating the T cell alveolitis and subsequent granuloma 
formation has been reported by Holter { 107) • In this study, 
intradermal injection of nonviable autologous AM from sarcoid 
patients induced the formation of granuloma 4-6 weeks later in 
41% of patients. The histology of these lesions was identical to 
that induced by injection of the Kveim-Siltzbach reagent (Figure 
5). In sum, our current knowledge of AM function in sarcoidosis 
strongly suggests that the development of a T cell alveolitis and 
parenchymal granuloma formation reflects the local presentation 
of antigen by macrophages to T lymphocytes. The release of pro
inflammatory, chemotactic, and fibrogenic mediators reflect 
ongoing macrophage-T cell interaction. The identity of the 
antigen being presented has thus become of central interest in 
the study of sarcoidosis. 

Fiqure 5 

Intradermal qranulomas produced by autologous 
sarcoid AM (la) and the Kveim-Siltzbach antigen (lb). 
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Approaches to Identifying the Antigen in sarcoid 

Inert, noninfectious particles are capable of inducing 
granuloma formation. Additionally, chronic inhalation of 
beryllium salts leads to a clinical and radiographic syndrome 
with many similarities to sarcoidosis (108). However while many 
inert substances can induce granuloma formation (a foreign body 
granuloma), the histology of these granuloma tends to differ from 
sarcoid or berylliosis -as few activa-ted lymphocytes surround the 
periphery (109,110). To date no evidence has been furnished in 
histologic series to suggest that sarcoid is caused by poorly 
digested, inert foreign particles. 

It has long been hypothesized that sarcoidosis is a systemic 
response to an infectious agent. Epidemiologic studies (111,112) 
conducted on the Isle of Man demonstrated that 40% of sarcoid 
cases had contact with a known case prior to diagnosis as 
compared to 2% of a control group. These studies also 
demonstrated space-time clustering in the diagnosis of 
"outbreaks" of sarcoid. These studies may however have been 
biased by a high reported incidence (14.7/100,000) on a 
relatively small island (30 x 10 miles). Evidence that sarcoid 
is a communicable infectious process has not been firmly 
established in the literature. 

Several infectious agents have been suggested as the 
potential cause for sarcoidosis. Histologic analysis of sarcoid 
lesions was said to disclose weakly acid fast cocco-bacilli in a 
small number of patients (113). Non-diptheria corynebacteria may 
cause pneumonitis with granulomatous involvement of regional 
lymph nodes and skin lesions but a definitive link of these 
bacilli to sarcoid has not been established (114). Evaluation of 
a retroviral cause was reported ( 115) by assaying for reverse 
transcriptase (RT) production amongst cultured peripheral blood 
mononuclear cells from sarcoid patients. In this report 1/26 
patients had detectable RT levels and this was associated with 
syncytia formation. While granuloma from sites of disease were 
not evaluated this study suggests that a retrovirus is unlikely 
to cause sarcoid. 

Patient 

Table 11 

Detection of Mycobacterial DNA In Sarcoid 
Lesions By Polymerase Chain Reaction (PCR) 

TB Normal 
Location Probe Sarcoid control control 

United Kingdom IS6110,groEL 10/20 8/13 2/22 

United Kingdom II II 7/16 2/4 1/16 

France II II 2/14 NO 0/11 
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A continuing controversy has revolved around the role of 
mycobacteria in the pathogenesis of sarcoid. Recently a number 
of studies have utilized the polymerase chain reaction (PCR) to 
detect signs of mycobacterial infection in sarcoid granuloma. 
Two studies from the United Kingdom probed for two distinct gene 
sequences found in mycobacteria. The IS6110 insert is relatively 
specific for M. tuberculosis though it can also be found in M. 
bovis. The mycobacterial groEL gene, which codes for the 65KD 
heat shock -protein· pr-oauced by mycobacteria, served as a probe 
for all mycobacteria. In one study (116) (Table 11) 10/20 
sarcoid patients had some evidence of mycobacterial involvement 
as compared to 8/13 patients with active and 16/49 patients with 
inactive TB or 2/22 controls. In another study (117) 7/16 
sarcoid patients had mycobacterial DNA detected compared to 1/16 
controls. Of note, no information was provided as to whether 
these individuals had been immunized with BCG, which might be 
detected by the sequences utilized. Another study from the 
United Kingdom utilized mycobacterial ribosomal RNA probes (118) 
to demonstrate a five fold increase in hybridization amongst 
sarcoid spleens compared to controls. The authors of these 
reports concluded that significant evidence existed to link 
mycobacteria to sarcoid. 

These studies have been countered by an exhaustive PCR 
evaluation performed by a group of French investigators (119). 
Using probes similar to the U.K. groups only 2/14 sarcoid 
patients had convincing evidence of mycobacteria in granuloma. 
Two other (120,121) groups from Europe utilized PCR techniques 
somewhat different from the above. A German group reported that 
14/14 sarcoid patients had a negative PCR for the 16S DNA 
sequence of mycobacteria, while a group from Glasgow utilized 
different primers to evaluate the specificity of amplified groEL 
DNA. In this study only 1/14 sarcoid lymph nodes produced a 
mycobacterial DNA product. The authors of all these studies 
contended that mycobacteria are not associated with most cases of 
sarcoid and suggested that the positive results of other 
investigators were the result of contamination. 

In attempting to reconcile these studies several technical 
questions emerge which might bias either the sensitivity or the 
specificity of the results. However a major issue relates to the 
value of PCR when probing for a common infectious agent, such as 
M. TB, which is capable of producing asymptomatic lesions in a 
large number of patients. Without a firm epidemiologic link PCR 
may prove too sensitive to establish a causal relationship. The 
second broader issue, however, is whether sarcoid is caused by 
the same antigen in all populations. Indeed one explanation for 
the disparate PCR results might be that the etiologic agent for 
sarcoid in the United Kingdom is different from that in France. 
one approach to solving this possibility has been the analysis of 
the T cell receptor phenotype at sites of disease in sarcoid 
patients. 

The proliferation of CD4 T cells to antigen depends upon the 
interaction of the T cell receptor (TCR) with a macrophage or 
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other accessary cell bearing the antigen in context with Class II 
MHC molecules. The fine specificity of the TCR relies on the 
presence of both variable and constant regions of the T cell 
receptor which are coded for by separate genes (Figure 6). CD4 
cells express both an alpha and a beta chain of the T cell 
receptor ( 122) • Each chain is comprised of a variable (V) , 
junctional (J) and constant (C) region, while the beta chain has 
an additional diversity (D) region not found in the alpha chain. 
It is estimated that ther.e -are . approximately 1o1s possible 
combinations for T cell receptors in any individual. Cross 
reactivity between a given antigen and multiple T cell receptors 
exists and it is thus estimated that 1/105 resting T cells is 
capable of responding to a given peptide antigen. 

Figure 6 

structure of the T cell antigen receptor 
(Courtesy of Dr. David Karp). 

Alpha 

Beta 

If sarcoidosis were caused by a common antigen one might 
hypothesize that an over-representation of a few T cell receptor 
phenotypes might be observed amongst affected individuals. 
Several investigators (123-126) have described an increased 
expression of certain V beta phenotypes in lymphocytes from 
sarcoid lung including V beta 8 (Table 12) and V beta 14. Biases 
in variable regions from alpha chains (V alpha 2. 3) and beta 
chain constant regions (C beta) have also been reported. 
However, it should be noted that variable region biases have 
occurred in a minority of sarcoid patients. 
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Table 12 

T Cell Receptor Biases In sarcoid Lung 

Center Phenotype % with overexpression 

Bethesda V·beta 8 38% 

Stockholm v -alpha 2. 3 27% 

Bethesda v gamma 9 -15-20% 

Denver V delta 1 27% 

Several confounding variables in the interpretation of these 
studies exist including the possibility that only a few T cell 
phenotypes in any given individual are capable of being recruited 
to the lung. Indeed a recent study of expression of the gamma 
and delta chains of the T cell receptor on the small subset of T 
cells which are both CD4 and CDS negative, suggests that the 
heterogeneity of these cells may be highly restricted in most 
normal individuals (127). Of note, several studies have 
demonstrated a restriction of gammajdelta phenotypes in lung 
lymphocytes of some patients with sarcoidosis. Whether a similar 
restriction would occur in a given individual with any form of 
lymphocytic alveolitis remains an unanswered question. 

More importantly it is clear from animal models that the 
initial response to antigen may be restricted to a limited number 
of T cell receptor phenotypes but becomes more heterogeneous as 
the disease progresses (128). Because sarcoid patients present 
at varying stages of disease, it is possible that over-expression 
of one TCR type may be missed or mis-interpreted. 

Thus analysis of T cell receptor phenotypes in sarcoid has 
suggested a common antigen may be the etiology in some 
individuals, but this technology appears limited for exploring 
the etiology of sarcoid. Fortunately, techniques have been 
developed which may facilitate identification of peptide antigens 
being presented by macrophages. These techniques involve the 
precipitation of Class II molecules, the interruption of peptide 
bonds and subsequent analysis by mass spectrometry and Edman 
sequencing to provide peptides being presented by macrophages 
(129). This would seem to be a promising approach which should 
overcome the limitations of TCR phenotype and generate candidate 
peptides as etiologic agents. It should be remembered however 
that non-peptide antigens, such as superantigens, 
characteristically produce V Beta biases and could be the 
etiologic agent in some cases of sarcoidosis. 
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summary 

Most data would suggest that sarcoidosis results from 
continued presentation of antigen by tissue macrophages to T 
lymphocytes at the site of disease. The modulation of the 
inflammatory response occurs via a variety of cytokines. In a 
majority of individuals the inflammatory process resolves without 
lasting functional sequelae. This may reflect clearance of the 
inciting antigen, development of cellular or humoral suppressor 
mechanisms, or a genetic predisposition which limits the immune 
response. In some patients however the inflammatory response is 
progressive with the development of fibrosis. Considerable 
effort has been devoted to assessing whether evidence of 
continued immune activation is useful in determining disease 
severity, predicting which patients are likely to deteriorate, or 
respond to anti-inflammatory therapy. 

Clinical Application of Markers of Inflammation in sarcoidosis 

The central issue in the utilization of inflammatory markers 
for the clinical management of sarcoidosis is whether 
inflammation itself necessarily connotes a bad prognosis. 
Several clinical observations, in fact, suggest that active 
inflammation may portend a satisfactory outcome. First, patients 
with erythema nodusum who present with clinical parameters of 
active inflammation such as fever, myalgias and malaise have a 
uniformly benign course. Secondly, patients with an abrupt onset 
of symptoms in general have a better prognosis than those with 
insidious disease. Finally, the high incidence of spontaneous 
clinical remission in the majority of patients with Stage I or II 
sarcoid suggests that evaluation of the inflammatory state at a 
single time point may be misleading. 

BAL studies and Gallium scanning 

A combination of BAL lymphocyte count with another marker of 
active pulmonary inflammation, Ga67 scanning, has been utilized 
in several studies. Initial reports (68) prospectively followed 
19 patients with BAL, gallium scanning and pulmonary function 
testing every 6 months. 5/14 patients had a high intensity 
alveolitis as defined by BAL lymphs >28% or uptake of Ga67 • This 
group had a somewhat greater deterioration over a 6 month period. 
However, spontaneous changes between high intensity and low 
intensity alveolitis were observed. Several subsequent studies 
lessened the enthusiasm for BAL and Ga67 scanning. In one study 
(130) 32 patients with sarcoid were followed before and after the 
institution of steroids. There was no correlation between either 
BAL lymphocyte counts or Ga67 scanning and clinical course during 
an almost 2 year follow-up. A French study (131) revealed no 
difference in initial BAL lymphocyte count between those patients 
subsequently recovered or with continued disease (Figure 7). In 
another study 98 patients with sarcoid were followed over a 2 
year period (132). Approximately 32% of patients with high BAL 
lymphocytes and 18% of patients with low BAL lymphs were treated 
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with steroids. No significant change in total lung volumes, 
vital capacity or DLCO was found at follow-up between patients 
with an initial high or low BAL lymphocyte count. An initial 
high lymphocyte count weakly correlated with improvement in FVC 
but not DLCO or lung volumes during steroid treatment. Several 
studies have demonstrated that a BAL neutrophilia may be present 
during the fibrotic phase of sarcoid. Overall, however, BAL 
lymphocyte counts appear to poorly reflect physiologic impairment 
or prognosis. 
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Initial values of total BAL lymphocytes for patients deemed 
ultimately recovered or non-recovered at 2 years. Mean values 
were 35% in both qroups (p>O.S). 

Analysis of CD4/CD8 lymphocyte ratios in BAL may have 
advantaqes over the total lymphocyte count alone. Several 
investigators (133, 134) have demonstrated that a fall in CD4/CD8 
ratio in BAL usually corresponds to improved function in studies 
where sequential lavage has been performed. Evidence suggests 
that an elevated CD4/CD8 ratio occurs relatively early in the 
course of sarcoid and often correlates with an abrupt onset. 
Since these parameters are themselves associated with a good 
prognosis, the independent value of CD4/CD8 ratios remains 
uncertain. 
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More specific markers of immune activation have also been 
studied. Analysis of release of inflammatory mediators including 
TNF, IL-l and PGE2 by sarcoid AM have not correlated with 
clinical parameters of disease severity or BAL lymphocyte count 
(135). 

The independent utilization of Ga67 scanning has also been 
evaluated. Ga67 is taken up by activated mononuclear phagocytes 
in the lung ~nd has been utilized as a marker of lung 
inflammation in a variety of populations. Increased uptake of 
Ga67 has been reported in 60-95% of sarcoid patients and thus 
would not be expected to predict the clinical course. Using a 
subjective grading system for uptake gallium scanning correlated 
with an increased 1 ikel ihood of response to steroids in some 
studies (136,137) while in others it did not (130,134,138). 
Given the expense and lack of definitive data, gallium scanning 
has fallen into disfavor in the evaluation of sarcoid. 

Serum studies 

Serum levels of angiotensin converting enzyme (ACE) are 
elevated in 30-80% of patients with sarcoid. Elevations appear 
to correlate overall with clinically active disease though not 
necessarily with BAL or Ga67 assessment of immune activation 
(139-144). In one study (145), ACE levels were elevated in 77% 
of patients with clinically progressive disease as opposed to 12% 
with stable disease. Another study ( 144) found elevated ACE 
levels in 62% of patients with progressive disease but only 5% 
with quiescent disease. overall, most data suggests that serial 
changes in ACE levels mirror the routine clinical assessment of 
disease (Table 13). However a single isolated ACE level does not 
correlate with either clinical course or likelihood of response 
to corticosteroids. In one study 3/13 patients with normal ACE 
levels deteriorated over the next two years. Approximately 50% 
of symptomatic patients with high ACE levels in this study 
responded to steroid therapy suggesting limited prognostic value 
in terms of predicting steroid response. The overall 
contribution of ACE levels to sarcoid management remains 
controversial though most authors advise against basing 
therapeutic decisions on serum ACE levels alone. 
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Table 13 

Comparison of Clinical and ACE Indices of 143 Paired Observations 
In 61 Patients With sarcoidosis 

ACE Index 

Clinical Index Worse Stable Improved 

Worse 27 6 0 

Stable 13 23 3 

Improved 3 11 57 

Another marker of immune activation in sarcoidosis is 
measurement of soluble IL-2 receptors (IL-2R) in serum (146,147). 
IL-2R are released as T cells are activated and thus constitute a 
method for evaluating ongoing T cell activation. Of note, these 
studies can not differentiate between activation of CD4 and CDS 
cells or other cells expressing IL-2R. In one study (148) a five 
fold increase in serum IL-2R was noted in patients with sarcoid 
compared to normal. This elevation did not correlate with ACE 
levels or BAL lymphocytosis but did decrease with steroid 
therapy. A larger study (149) of 116 sarcoid patients 
demonstrated that patients with clinically active disease had 
higher serum IL-2R than those with inactive disease and that the 
level dropped with steroid therapy. However serum IL-2R levels 
did not correlate with BAL lymphocyte number, CD4/CD8 ratio or 
phenotypic markers of lung lymphocyte activation. Given the 
observation in this study that 73% of patients with active 
disease had elevated IL-2R levels it is unlikely that this marker 
would adequately predict either prognosis or response to therapy. 

Directly measuring serum cytokine levels has been attempted 
as well. Eighty percent of sarcoid patients had elevated serum 
levels of gamma interferon in one study (150). However, those 
with the highest levels actually had the best prognosis. In 
addition, those patients with the best response to steroids 
demonstrated the smallest drop in gamma interferon levels. 

In summary, the high frequency with which BAL, 
radionucleide, or serum markers of inflammation are abnormal in 
sarcoidosis appears to limit their utility in identifying the 
subset of patients likely to deteriorate or respond to steroids. 
The management of sarcoid patients thus relies on the evaluation 
of routine clinical parameters. 
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Management of Pulmonary sarcoidosis 

Given the high rate of asymptomatic sarcoid and of 
spontaneous remission in patients presenting with Stage I or II 
sarcoid, it is not surprising that data on the benefit of anti
inflammatory therapy is difficult to interpret. Several studies 
demonstrate a 70-90% response rate with corticosteroid therapy 
and 30-50% of patients may relapse after discontinuation of 
therapy. ·-A prGspective -tri.al of low dose Prednisone ( 15 mgjday 
for 3 months) versus placebo disclosed (151) a somewhat greater 
improvement in functional status at 3 months in patients with 
Stage II or III sarcoid but not Stage I disease. However, longer 
term follow-up revealed no difference amongst the groups. 

A larger prospective randomized trial (152) followed 94 
patients randomized to high doses of Prednisone (40mgjd x 3 
months, then 20mgjd x 2 years) or 65 patients randomized to 
placebo. Patients were followed for a mean of 3 years. No 
significant difference was observed in radiographic progression 
(Table 14) or pulmonary function testing (Table 15), though there 
was a tendency for a steroid response. 

Table 14 

Radiographic Response of Sarcoidosis 
to Prednisone 

Prednisone Placebo 

Resolution 27% 

Partial Improvement 39% 

Unchanged 27% 

Worse 5% 

Table 15 

Pulmonary Functions Xn Sarcoid Patients 
Following Therapy 

Prednisone Placebo Prednesone 

Same 39% 35% 43% 

Improved 40% 30% 43% 

Worse 20% 35% 13% 

23% 

35% 

30% 

10% 

Placebo 

47% 

35% 

18% 
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The available evidence would suggest that corticosteroids 
may accelerate symptomatic improvement but appear not to affect 
the long range prognosis in most patients. These recent 
recommendations appear in an official publication of the American 
Thoracic Society (153) for the management of pulmonary sarcoid: 

1. Asymptomatic patients with mild to moderate impairment of 
pulmonary function should be followed clinically and with 
pulmonary function testing. 

2. Asymptomatic patients with severe abnormalities of pulmonary 
function should receive steroid therapy. 

3. Patients with dyspnea, cough, chest pain, or exercise 
intolerance and abnormal pulmonary functions should be 
treated. 

The optimum regimen for managing pulmonary sarcoid remains 
to be established. Most current protocols utilize a short course 
of 15-20mg of Prednisone/day for patients with Stage I disease 
and symptoms unresponsive to nonsteroidal anti-inflammatory 
drugs. For patients with profound abnormalities of pulmonary 
function 40-60mg of Prednisone/day for 8-12 weeks with gradual 
tapering to 10-20mg every other day over a 6-12 month period has 
been suggested. Many authors recommend at least one year of 
therapy prior to discontinuation. Serial study of FVC and DLCO 
are necessary to judge the efficacy of therapy and vital capacity 
appears to correlate best with symptoms. Serial changes in the 
chest roentgenogram should not be utilized to guide therapeutic 
decisions. 

If a patient with pulmonary sarcoidosis does not respond to 
corticosteroids there are relatively few therapeutic options 
available. The most successful alternative therapy appears to be 
methotrexate ( 154) • Low dose methotrexate, 10mg orally 
oncejweek, produced subjective improvement in 14/15 patients. 
However only 36% of patients demonstrated improvement in 
pulmonary functions. Utility of methotrexate appears greatest in 
patients with extensive skin involvement. Unfortunately chronic 
methotrexate therapy has a high incidence of hepatotoxicity and 
may require serial liver biopsies. 

Other agents which have been utilized include cyclosporin A. 
However in one series (155) this drug failed to induce clinical 
improvement over a 6 month period. Cytoxan (156) and chloroquine 
(157) also appear to be of limited value in the therapy of 
pulmonary sarcoid. 

Relatively few patients with sarcoid have undergone lung 
transplantation. Anecdotal reports at national meetings and in 
personal communications suggest that involvement of the 
transplanted organ with sarcoid occurs in some recipients, 
similar to that observed in cardiac allografts of sarcoid 
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patients. However sarcoid is not considered a contra-indication 
for lung transplantation. 

conclusion 

Sarcoidosis is a common disease which is asymptomatic in a 
majority of individuals and appears to have a benign course in 
many patients. Current data suggests that presentation of a 
foreign antigen in the pulmonary --lllilieu is .responsible for the 
development of granuloma. The identity of the foreign antigen as 
well as the mechanisms ultimately determining resolution or 
progression to fibrosis remain unknown. A commendable effort to 
utilize local markers of inflammation to predict outcome has 
taken place over the past decade. Unfortunately these markers 
appear to have little role in the management of sarcoid. Given 
the usually benign course of the disease it is apparent that only 
individuals with impressive symptoms or significant impairment of 
pulmonary function should receive corticosteroid therapy. For 
other patients the best advice comes from literature: 

"All of human wisdom is summed up in two words -
wait and hope". 

Alexandre Dumas 
The Count of Monte Cristo 
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