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ABSTRACT: Twenty six patients with sarcoidosis of recent onset or with 
severe progressive disease were studied for evidence of retroviral infection. 
Peripheral blood mononuclear cells (PBMC) were cultured in vitro and 
stimulated with phytohaemagglutinin and interleukin-2. Induction of 
syncytia (SI) and production of reverse transcriptase (RT) were sought as 
indicators of possible retroviral infection. PBMC from two patients showed 
syncytia formation and in one of these two there was associated production 
of low levels of reverse transcriptase. The remaining patients showed 
neither RT nor SI activity. The predominantly negative results of this 
study indicate that sarcoidosis is unlikely to be of retroviral aetiology; 
however, cell populations from sites of active disease should be studied 
before drawing this conclusion. 
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Despite advances in our understanding of the natural 
history and immunology of sarcoidosis we remain ignorant 
of its cause. Recent studies indicate that activated 
macrophages and T-lymphocytes play an important role 
in mediating the abnormal immune responses observed in 
sarcoidosis [1, 2]. A notable feature of sarcoid granulomas 
is the presence of multinuclear giant cells, a feature often 
associated with virus infected cells [3, 4]. Although an 
infectious cause for sarcoidosis has long been suspected 
[5] convincing evidence for a specific agent has yet to be 
demonstrated. 

Following the description of the adult T-cellleukaemia 
lymphoma syndrome (ATL) and the recognition that the 
causal agent was a novel human T -cell tropic retrovirus 
(HTLV-1) [6], it appeared reasonable to suspect that other 
diseases of unknown cause might be linked with similar 
agents. Sarcoidosis not only shares a similar epidemio
logical distribution to HTL V -1 but also has clinical 
features resembling ATL with the exception of the 
leukaemic component. These include lymphadenopathy, 
bone and skin lesions as well as abnormalities of T -cell 
function. Sarcoidosis patients suffer a loss of delayed 
type hypersensitivity which is also a feature of infection 
with HTL V -1 as well as with another human retrovirus 
human immunodeficiency virus (HIV), the causative agent 
of acquired immune deficiency syndrome (AIDS). 

We have previously screened sera from sarcoid patients 
for antibodies to HTLV-1 with negative results [7]. We 
therefore decided to seek evidence of retroviral infection 
in peripheral blood mononuclear cells (PBMC) from 
patients with sarcoidosis by primary culture and 

eo-culture. We used screening techniques such as the 
presence of ribonucleic acid (RNA) directed 
deoxyribronucleic acid (DNA) polymerase (reverse tran
scriptase · RT), and the formation of giant fused cells or 
syncytia in culture. These techniques have been shown 
to be capable of detecting both human and animal 
retroviral activity, as well as the more recently discov
ered human herpes virus type 6 (HHV-6) previously 
referred to as HBL V [ 4]. 

Methods 

Sequential patients with sarcoidosis of recent onset, or 
with severe progressive disease were selected as it was 
considered that these were the subjects most likely to 
give positive results. All patients had positive biopsies 
and/or a positive Kveim test. Patients with other chronic 
diseases were also studied; these were 14 patients with 
multiple sclerosis and 42 patients with hypo
gammaglobulinaemia. Details of these studies have been 
reported previously [8, 9). Eight healthy laboratory 
workers were also studied. 

Cell separation and culture 

PBMC were separated by density gradient centrifuga· 
tion over Ficoll-Paque. Cell cultures were in 50 ml flasks 
at a density of 5x106 per ml at 3rC and in the presence 
of 5% C02• Phytohaemagglutinin (PHA) 2.5 Jll per 50 
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ml flask on day one and recombinant interleukin-2 (IL-
2) 1 !lg·ml·1 final concentration on day two, were used to 
stimulate cell growth. In order to encourage productive 
viral replication PBMC were eo-cultured with human 
foetal cord blood cells, and Jurkat cell lines in the presence 
or absence of one or more of the following, 
dihydroxycholecalciferol (Vitamin D3), hydrocortisone, 
anti-interferon-alpha, and 10% 5637 cell conditioned 
medium (10]. 

Cultures were observed daily for the formation of 
syncytia and were subcultured every seven days. At the 
time of subculture an aliquot of supernatant was reserved 
for reverse transcriptase assay. Cultures were maintained 
until proliferation ceased. 

Reverse transcriptase assay 

Four ml of supernatant was taken from the culture 
flask. Residual cells were removed by centrifugation at 
5,000 rpm for 10 min. Polyethylene glycol (PEG) 2.5 ml 
30% PEG in phosphate buffered saline was added to 
each sample and left overnight at 4 °C. The sample was 
centrifuged at 2,000 g for 30 min at 4°C, the resultant 
pellet was washed three times in phosphate buffered saline 
and dissolved in virus solubilizing buffer which was made 
up as follows; 50 mM Tris pH 7.9; 0.5% Triton X-100; 

Table 1. - Clinical details of patients studied 

0.5 mM PHSF; 30% glycerol 1 mM dithiothreitol; 0.8 M 
NaCl. Samples were then assayed according to the method 
of RHo et al. [11] which is specific for HTLV-1-like vi
ruses as well as the method of HoFFMAN et al. [12] which 
is more specific for HIV- like viruses. In addition man
ganese (Mn) was substituted for magnesium (Mg) as most 
animal retroviruses use Mn in preference to Mg. Results 
for RT levels are expressed as counts per minute (cpm). 

Syncytial induction assay 

The formation of giant (syncytial) cells and cytopathic 
effects were sought [13] in primary cultures and following 
the addition of PHA and IL-2. PBMC from patients were 
eo-cultured with foetal cord blood cells and the following 
cell lines JM; Cem (CD4 positive lymphocyte lines), U937 
(a monocytoid-macrophage line) and Raji, (a B-cellline). 

Results 

Proliferation of cultures 

Twenty six patients with sarcoidosis were studied, 
clinical details are shown in table 1. Cell cultures 
remained viable for two to twelve weeks; all eventually 

Patient Age Sex Race Duration Clinical Treatment 
no. of 

disease 

1 22 M EU 3 mths BHL None 
2 58 M A NA PI None 
3 64 M A 2 yrs PI,LN Antituberculous 
4 33 F EU 6 mths PI Steroid 
5 50 F A 9 mths BHL Antituberculous 
6 36 M EU 2 yrs PI None 
7 30 F EU 4 mths LN None 
8 40 M EU 5 yrs PI,CUT,CNS Steroid 
9 47 F EU 1 yr CUT Topical steroid 

10 33 F AC 3 yrs PI, URT,CUT Steroid 
11 60 M AC 1 yr PI Steroid 
12 43 M AC 6 mths PY,CUT,LN Steroid 
13 38 F EU 4 mths BHL None 
14 23 M EU 3 mths BHL None 
15 20 F EU 2 yrs PI Steroid 
16 36 M EU 4 yrs CNS,LN Steroid 
17 32 M EU 9 mths ARTH, BHL, PY Steroid 
18 30 M EU 3 mths BHL None 
19 40 M EU 2 yrs CONJ,LN Topical steroid 
20 38 F AC 6mths PN,LN None 
21 25 F EU 4mths LN,TP None 
22 35 M A 9 mths PI Steroid 
23 17 F EU 18 mths PAR None 
24 62 M AC 6 mths HEP,PY Steroid 
25 45 F A 18 mths CUT None 
26 21 M AC 3 mths BHL, PAR, CUT None 

M: male; F: female; EU: European; A: asian; AC: Afrocarribean; ARTH: arthropathy; BHL: bilaterial hilar lymphaden
opathy; CNS: central nervous system involvement; CONJ: conjunctivitis; CUT: skin involvement; HEP: granulomatous 
hepatitis; LN: lymphadenopathy; NA: not available; PAR: parotid gland involvement; PI: pulmonary infiltrate; PN: 
peripheral neuropathy; PY: pyrexia; TP: thrombocytopenia; URT: upper respiratory tract involvement. 
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Fig. 1. - A giant cell or syncytium (arrowed) induced by culture of sarcoid PBMC with stimulated normal foetal cord blood cells. PBMC in this culture 
were from patient 12 (table 1). PBMC: peripheral blood mononuclear cell. 
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Fig. 2. - Reverse transcriptase levels from some representative sarcoidosis patients. The background for the assay is shown by (e) and levels from patient 
cultures by(.&). Numbers refer to the clinical details given in table 1. One sarcoidosis patient (no. 12) showed intermittent low positive titres. A retrovirus 
was insolated from patient "h" who had hypogammaglobulinaemia and subsequently died from an AIDS-like illness. It can be seen that this patient 
produced high levels of RT (x). AIDS: acquired immune deficiency syndrome; RT: reverse transcriptase. 
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lost proliferative response and died. The presence of 
vitamin D3, hydrocortisone, and anti-interferon singly and 
in combination did not make any apparent difference to 
the cultures. Addition of 5637 conditioned medium pro
moted the formation of cell colonies. 

Syncytial induction 

Syncytia formation did not occur in any of the control 
cultures. The cultures of twenty four of the sarcoidosis 
patients were also negative. However, syncytial induction 
activity was observed in two patients. One patient (number 
11 table 1) showed extensive SI activity when PBMC 
were cultured with human cord blood cells. This occurred 
within 24 h of the start of culture. These syncytia later 
disappeared and the cultures remained inert for 
approximately three weeks, SI then began to occur inter
mittently. Syncytia from this patient are shown in figure 
1. Intermittent syncytia formation also occurred in the 
cultures of patient 12 (both of these patients were 
negative for HTLV-1, HIV-1 and HIV-2 antibodies by 
commercial enzyme-linked immunoadsorbent assays 
(ELl SA). 

Reverse transcriptase 

Reverse transcriptase levels were assayed weekly in 
each patient. The background response in the RT assay 
was 300-500 cpm for all control subjects. This did not 
differ from RT levels in cultures of PBMC stimulated in 
the manner described above. The overwhelming majority 
of RT assays in the sarcoidosis patients were negative. In 
order to avoid showing a large amount of negative data 
figure 2 shows representative results from some patients. 
There was one exception, patient 12 showed intermittent 
production of low levels of R T which was more noticeable 
when Mn was used as a co-factor. 

Discussion 

In the present study, PBMC from twenty six selected 
patients with sarcoidosis were screened for evidence of 
retroviral infection. Two patients gave positive results. 
Patient 11 showed extensive SI activity but did not have 
elevated RT levels. Patient 12 showed modest elevation 
of RT and SI activity for a period of months. These 
positive results must be interpreted with caution. In ani
mal studies ·the formation of syncytia in a suitable cell 
culture system has been a reliable indicator of the presence 
of type C retroviruses [13, 14]. However, experience of 
this technique in the search for human retroviruses has 
been limited [15] and the frequency of false positive 
results is unknown. 

RT production does indicate viral infection but is 
produced in small amounts by viruses such as herpes 
viruses and hepatitis B virus [16] which have not been 
aetiologically linked to sarcoidosis. Although neither of 
the sarcoidosis patients who gave positive results had 

clinically evident viral hepatitis or herpes virus infection 
the presence of these viruses at subclinical levels cannot 
be excluded. We studied patients with common variable 
hypogammaglobulinaemia (CHV) and multiple sclerosis 
(MS) at the same time as the sarcoidosis patients reported 
here. We found a similar frequency of positive responses 
(2/42) in CHV patients [8] but were unable to isolate a 
virus. It is possible that the positive results in the CHV 
and sarcoidosis patients represent subclinical viral 
infection; however, MS patients gave consistantly 
negative results. 

The results presented here together with our previous 
negative serological studies [7] indicate that sarcoidosis 
is unlikely to be associated with known retrovirus families 
which infect circulating peripheral blood mononuclear 
cells. However, two considerations should be borne in 
mind, both relating to the methods used in our study. We 
employed two different RT assays which have been shown 
to detect HTLV-1 and HIV viruses [11, 12]; however, 
the optimum conditions for detection of HIV, HTLV-1 
and most C type animal retroviruses are markedly 
different. If only a few virus particles are present, perfect 
assay conditions may be needed to detect RT. Secondly, 
cell types targeted in this study may not have been those 
most likely to yield a virus. Our previous experience in 
culturing cells derived from the lung resulted in the loss, 
through bacterial and fungal contamination, of fifty 
percent of cell cultures [17]; it also resulted in serious 
contamination of other cell lines (unpublished 
observations). This consideration persuaded us to study 
PBMC before attempting to look for a virus in cell 
populations from the lung. 

Furthermore, the cellular growth promoters which we 
used preferentially expand the T-cell population and have 
little effect on B-cells and macrophage/monocytes. Re
cent evidence indicates that activated monocytes may be 
responsible for at least some of the immunological 
abnormalities of sarcoidosis [1] and, thus, might be a 
likely target cell to yield an infective agent. 

References 

1. Editorial. - The immune response in sarcoidosis. Lancet, 
1987, ii, 195-196. 
2. Daniele R, Rossman M, Kern J, Elias J. - Pathogenesis 
of sarcoidosis: state of the art. Chest, 1986, 89, 174s-177s. 
3. Mitchell D, Scadding J.- Sarcoidosis. Am Rev Respir Dis, 
1974 110, 774-802. 
4. Dalgleish A, Weiss R. - Human retroviruses. /n: Prin
ciples and practice of clinical virology. A. Zuckerman, J. 
Banatvala, J. Pattison eds, J. Wiley and sons, Chichester, 
1987, pp. 517-544. 
5. Mitchell D, Rees R. - The structure and physical 
characteristics of a transmissible agent from human sarcoid 
tissue. Ann N Y Acad Se~ 1976, 278, 233-248. 
6. Poiesz B, Ruscetti F, Gadzer A, Bunn P, Minna J, 
Gallo R. - Detection and isolation of Type C retrovirus 
particles from fresh and cultured lymphocytes of a patient with 
cutaneous T-celllymphoma. Proc NatlAcad Sci USA, 1980,77, 
7415-7419. 
7. Dalgleish A.- Human retroviruses. Aust NZ J Med, 1985, 
15, 375-385. 



SEARCH FOR RETROVIRAL CAUSE FOR SARCOIDOSIS 449 

8. Spickett G, Millrain M, Beattie R, North M, Griffiths J, 
Patterson S, Webster A. - Role of retroviruses in acquired 
hypogammaglobulinaemia. Clin Exp Immunol, 1988, 74, 
177-181. 
9. Richardson J, Wucherpfennig K, Endo N, Rudge P, 
Dalgleish A, Hafler D. - PCR analysis of DNA from multiple 
sclerosis patients for the presence of IITLV-1. Science, 1989, 
246, 821-823. 
10. Myers C, Katz F, Joshi G, Miller J.- A cell line secreting 
stimulating factors for CFU-GEMM culture. Blood, 1984, 64, 
152-155. 
11. Rho H, Poiesz B, Ruscetti F, Gallo R.- Characterization 
of the reverse transcriptase from a new retrovirus (HTL V) 
produced by a human cutaneous T-cell lymphoma cell line. 
Virology, 1981, 112, 355-360. 
12. Hoffman A, Banapour B, Levy J.- Characterization of 
AIDS associated retrovirus associated reverse transcriptase and 
optimal conditions for its detection in virions. Virology, 1985, 
147, 326-335. 
13. Diglio C, Ferrer J. - Induction of syncytia in the bovine 
C-type leukemia virus. Cancer Research, 1976, 36, 1056-1067. 
14. Rand K, Javis J, Gilden V, Oroszlan S, Long C.- Fusion 
inhibition: bioassay of a type C viral protein. Virology, 164, 
63-74. 
15. Hoshino H, Shimoyama M, Miwa M, Sugimura T. -
Detection of lymphocytes producing a human retrovirus 
associated with adult T-cellleukemia by syncitia induction assay. 
Proc Natl Acad Sci USA, 1983, 80, 7337-7341. 

16. Varmus H. - Reverse transcriptase rides again. Nature, 
1985, 314, 583-584. 
17. Lyons D, Gautum A, Clarke J, Milledge J, Harries M, 
Balfour M. - Lymphocyte-macrophage interactions: peripolesis 
in human lung cells. Thorax, 1987, 42, 709. 

Recherche d'une cause retro-virale a la sarcoi'dose: absence de 
preuve dans les etudes du sang peripherique. D.J. Lyons, A. 
Sine/air, H.G. Smith, D.N. Mitchell, A.G. Dalgleish. 
RESUME: Vingt-six patients atteints d'une sarcoYdose a debut 
recent ou a evolution severe et progessive, ont ete etudies pour 
rechercher une infection retro-virale. Les cellules mononucleees 
du sang peripherique (PBMC) ont ete cultivees in vitro et 
stimulees par la phytohemagglutinine et interleukine 2. 
L'induction de syncytia et la production de transcriptase reverse 
(RT) ont ete recherchees comme indicateurs d'une infection 
retro-virale possible. PBMC de deux patients a montre la 
formation de syncytia, et chez l'un de ces deux, on a note la 
production associee de faibles niveaux de transcriptase reverse. 
Les autres patients n'avaient ni RT ni activite d'induction 
syncytiale. Les resultats a predominance negative de cette etude 
indiquent qu'il est improbable que la sarcoYdose ait une etiologie 
retro-virale; toutefois, avant de tirer cette conclusion de fa¥on 
ferme, les populations cellulaires provenant des sites de maladie 
active devraient etre etudiees. 
Eur Respir J., 1991, 4, 445-449. 


