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Lymphocyte subsets in hypersensitivity pneumonitis 

H.J. Milburn 

Hypersensitivity pneumonitis (extrinsic allergic 
alveolitis) is the pulmonary manifestation of hypersen­
sitivity to various categories of inhaled organic antigens. 
These include animal proteins from the faeces of 
pigeons or parakeets, or from duck and turkey feathers 
and antigens from various plant sources such as mouldy 
hay, sugar cane, bark and mushrooms. Certain drugs 
may also produce this reaction (1-3]. 

Sensitized individuals exposed to a large challenge 
develop an acute febrile illness, characterized by the 
abrupt onset of breathlessness, cough and chest pain 
within 4-6 h after exposure. This acute hypersensitivity 
reaction usually resolves spontaneously without sequelae 
after the offending agent has been withdrawn. Chronic 
insidious exposure to low levels of antigen, however, 
may lead to persistent attacks of breathlessness on 
exertion, with or without previous acute attacks, and 
diffuse interstitial lung disease, which in some cases 
will progress to interstitial fibrosis [4-5]. Histological 
studies of lung biopsies have shown that the inflamma­
tory process affects the interstitium, alveolar space and 
terminal airways in an uneven distribution in the lung 
biopsy [6]. Epithelioid granulomas containing multi­
nucleated histiocytes are often, but not invariably, 
present and are usually distributed around distal airways, 
in the interstitium and within alveolar spaces (6, 7]. 

The pathogenesis of hypersensitivity pneumonitis is 
not yet fully understood but immune mechanisms with 
or without amplification by immune complexes, 
lymphokines and other biological modifiers are thought 
to be involved [2]. Repeated antigen exposure in a 
susceptible host appears to stimulate chemotaxis and 
sensitize T-lymphocytes and macrophages, resulting in 
granuloma formation. Continued exposure finally results 
in the elaboration of growth factors that stimulate 
fibroblasts and result in collagen production [8]. 

Our understanding of the pathogenesis of this disease 
has been improved recently by widespread use of 
bronchoalveolar lavage (BAL). This provides a 
relatively non-invasive technique for sampling cells 
from peripheral lung tissue and, using monoclonal an­
tibodies, cells recovered by BAL can be studied both 
from a phenotypic and functional point of view. The 
total number of cells recovered by BAL from patients 
with hypersensitivity pneumonitis is greatly increased, 
being three to five times that observed from controls 
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[9, 10]. A large part of this increase can be accounted 
for by lymphocytes (9], although an influx of 
neutrophils into the lungs has been observed soon after 
antigen challenge [10, 11]. Using monoclonal antibod­
ies, a number of workers have demonstrated that most 
of the BAL lymphocytes expressed T-cell markers, 
while only a small proportion expressed B-cell related 
markers [9, 12, 13]. Analyses of T-cell subsets from 
these patients have shown that CD8+ lymphocytes are 
the predominant cells with a resulting inversion of the 
CD4:CD8 ratio [14-17] and similar observations have 
been made in animal models [18, 19). Furthermore, the 
cells found in BAL from patients with hypersensitivity 
pneumonitis reflect those present in lung tissue of 
patients with pigeon breeders' disease [20] , while 
peripheral blood T-cells remain normal [16). 

The timing of BAL or biopsy specimens related to 
antigen exposure affects the preponderance of cells. 
TRENTIN er al. [14] found a persistent increase of CD8+ 
cells and reversal of the CD4:CD8 ratio in patients who 
continued to be regularly exposed to specific antigens 
at work. A persistent increase in the population of 
natural killer (NK) cells has also been demonstrated in 
these patients [14, 21]. Other patients who continued 
to live in agricultural environments but who were not 
further exposed to specific antigens at work, however, 
exhibited a recovery of CD4+ cells with a decrease in 
CDB+ cells and an increase in the CD4:CD8 ratio to 
nonnal levels after six months. 

Further work on the nature of the CD8+ lymphocyte 
populations involved in the alveolitis found in sympto­
matic antigen exposed patients has demonstrated that 
both a higher proportion and absolute number of these 
cells express activation markers. These include the p75 
chain of the interleukin-2 (IL-2) receptor, Very Late 
Activation antigen (VLA-1) and HLA-DR antigen [22]. 
The VLA-1 monoclonal antibody defines one of the 
molecules belonging to the integrin family and it is 
possible that this structure could also be involved as an 
adhesion protein in cell-cell interactions. 

Cytotoxic mechanisms are thought to be central to the 
pathogenesis of hypersensitivity pneumonitis. A 
statistically significant increase in the number of cells 
with cytotoxic phenotype (including NK cells, specific 
and nonspecific cytotoxic T-lymphocytes) have been 
observed in BAL fluid of patients with hypersensitivity 
pneumonitis compared with controls [22, 23]. These 
include increased numbers of CD57+ (HNK-1) and 
CD56+ (NK.H-1) cells and the number of such cells 
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also eo-expressing T-cell markers predominates over the 
number of cells lacking these determinants. The surface 
membrane of these BAL cells, however, appear to lack 
other markers which strictly define NK cells [9]. 

Further evidence for cytotoxicity has been found by 
evaluating the relative proportions of BAL T-cells 
expressing the y/A or a/~ chains of the T-cell receptor. 
It has been proposed that y/!J. + T-cells display 
non-major histocompatibility complex (MHC) restricted 
cytotoxicity and increased proportions and absolute 
numbers of these cells have been found in BAL fluid 
from patients with hypersensitivity pneumonitis [24]. 
Thus, the predominant lymphocyte subset found in the 
lungs of patients with hypersensitivity pneumonitis 
appears to be CD3+ CD8+ CD57+ CD56+ CD16-
non-MHC restricted cytotoxic T-lymphocytes. 

With regard to functional activity both cytotoxic and 
suppressor in vitro function has been demonstrated [9, 
25, 26). A significant increase in spontaneous 
cytotoxicity has been observed in patients with hyper­
sensitivity pneumonitis [25], whereas BAL lymphocytes 
from exposed but asymptomatic farmers display in 
vitro cytotoxicity similar to that of controls [9]. Lung 
T-cells from patients with hypersensitivity pneumonitis 
have also been found to display in vitro suppressor 
activity [9, 26]. 

In a recent study by YAMASAKI et al. (27] T-cells 
recovered from the lower respiratory tract of patients 
with hypersensitivity pneumonitis were found to have 
decreased proliferative responses to mitogens when 
compared with peripheral blood lymphocytes from the 
same patients. This was not found to be due to the 
dominance of CD8+ T-cells in BAL fluid, or to the 
suppressive effect or impaired accessory function of 
alveolar macrophages. In the same study, BAL 
T-lymphocytes were found to express a high level of 
CD18 antigen (LFA-1 common ~chain). This antigen 
is one of the surface markers strongly expressed on 
"memory" T-cells compared with "naive" T-cells. 
Furthermore, "memory" T-cells show reduced responses 
to mitogens when compared with "naive" T-cells (28] . 
Most BAL T -cells in hypersensitivity pneumonitis 
appeared to be "memory" cells while the relative 
proportions of "naive" and "memory" T -cells in 
peripheral blood were roughly equal [27]. 

It is thought that the presence of different T -cell 
subsets is important in regulating the appearance of 
granulomas and in their continued maintenance, possibly 
by the release of lymphokines. Furthermore, it has 
been demonstrated that helper T-cells are associated 
with active granuloma formation, whereas suppressor/ 
cytotoxic T-cells and NK cells are associated with 
regression of this phenomenon [29]. Granuloma for­
mation is not such a prominent phenomenon in hyper­
sensitivity pneumonitis, unlike sarcoidosis where the 
accumulation of CD4+ cells is dominant (30] . Thus, 
the suppressor/cytotoxic population ofT-cells found in 
the lungs of patients with hypersensitivity pneumonitis 
may be responsible for inhibiting granuloma develop­
ment. Hypersensitivity pneumonitis may initially be an 
appropriate if exaggerated response to antigen exposure, 

but if local immunoregulation breaks down, this re­
sponse may become uncontrolled leading to granuloma 
formation and fibrosis. 

In summary, activated suppressor/cytotoxic CD8+ 
T-cells are the predominant lymphocytes found in the 
lungs of patients with symptomatic hypersensitivity 
pneumonitis. These cells also bear some NK cell 
markers and markers of "memory" cells. With regard 
to functional activity, both cytotoxic and suppressor 
function can be demonstrated in vitro and the balance 
of these different functional cell types may be important 
in preventing progression to diffuse interstitial fibrosis. 

AclcnowledglmenJs: The author is grateful to L.W. 
Poulter and G. M. Cochrane for reviewing the manuscript 
and to J. Allwood for secretarial assistance. 

References 

1. Pepys J. - Hypersensitivity disease of the lung due to 
fungi and organic dusts. Monogr Allergy, 1969, 4, 1-147. 
2. Fink JN, De Shazo R. - Immunologic aspects of 
granulomatous and interstitial lung diseases. J Am Med 
Assoc, 1987, 258, 2938-2944. 
3. Sostman H, Matthay R, Putman C, Smith GJ. - Meth­
otrexate induced pneumonitis. Medicine, 1976, 55, 371-378. 
4. Calvanico JN, Fink JN, Keller RH. - Hypersensitivity 
pneumonitis. In: Immunology of the lung and upper 
respiratory tract. J. Biennenstock ed., McGraw-Hill, New 
York, 1984, pp. 365-385. 
5. Karr RM, Salvaggio JE. - Infiltrative hypersensitivity 
disease of the lung. In: Clinical Immunology, C.W. Parker 
ed., W.B. Saunders, Philadelphia, 1980, pp. 1344-1349. 
6. Kawanami 0, Basset F, Barrios R, Lacronique JG, 
Ferrens VJ, Crystal RG. - Hypersensitivity pneumonitis in 
man: light and electron microscopic studies of 18 lung 
biopsies. Am J Patho~ 1983, 110, 275-289. 
7. Barrios R, Fortoul T, Lupi-Herrara E. - Pigeon breed­
ers' disease - immunofluorescence and ultrastructural obser­
vations. Lung, 1986, 164, 55-64. 
8. Richerson HB. - Hypersensitivity pneumonitis -
pathology and pathogenesis. Clin Rev Allergy, 1983, 1, 469-
486. 
9. Semenzato G, Agostini G, Zambello R, Trentin L, 
Chilosi M, Pizzolo G, Marcer G, Cipriani A. - Lung T­
cells in hypersensitivity pneumonitis - phenotypic and 
functional analyses. J Jmmunol, 1986, 137, 1164-1172. 
10. Pesci A, Bertorelli G, Dall'Aglio PP, Neri GP, Olivieri 
D. - Evidence in bronchoalveolar lavage for third type im­
mune reactions in hypersensitivity pneumonitis. Eur Respir J, 
1990, 3, 359-361. 
11. Foumier E, Tonne! AB, Gosset PH. Wallaert B, Ameisen 
JC, Voisin C. - Early neutrophil alveolitis after antigen 
inhalation in hypersensitivity pneumonitis. Chest, 1985, 88, 
56~566. 
12. Perez-Arellano JL, Sanchez-Sanchez R, Pastor-Encinas I, 
Losa-Garcia JE, Garcia-Martin MJ, Gonzalez-Villaron L. -
Pathogenesis of hypersensitivity pneumonitis. Allergol 
lmmonopathol Madr, 1989, 17{5), 225-232. 
13. Johnson MA, Nemeth A, Condez A, Clarke SW, Poulter 
LW. - Cell mediated immunity in pigeon breeders' lung -
the effe.ct of removal from antigen exposure. Eur Respir J, 
1989, 2(5), 445--450. 
14. Trentin L, Marcer G, Chilosi M, Zambello R, Agostini 
C, Masciarelli M, Bizotto R, Gemignani C, Cipriani A, Di 



L YMPHOCYTE SUBSETS IN HYPERSENSENSITIVI'IY PNEUMONITIS 7 

Vittorio G, Semenzato G. - Longitudinal study of alveolitis 
in hypersensitivity pneumonitis patients: an immunological 
evaluation. J Allergy Clin Immunol, 1988, 82, 577-585. 
15. Akoun G, Cadranel J, Milleron B, Mayaud C. - Les 
explorations immunologiques dans les pneumopathies 
d'hypersensibilite. Rev Mal Respir, 1988, 5(2), 89-96. 
16. Leatherman IW, Michael AF, Schwartz BA, Hoidal JR. 
- Lung T-cells in hypersensitivity pneumonitis. Ann Intern 
Med, 1984, 100, 390-392. 
17. Costabel U, Bross KJ, Marxen J, Matthys H. - T­
lymphocytes in bronchoalveolar lavage fluid of hypersensitiv­
ity pneumonitis. Chest, 1984, 85(4), 514-518. 
18. Takizawa H, Suko M, Kobayashi N, Shoji S, Ohta K. 
Nogami M, Okudaira H, Miyamoto T, Shiga J. - Experi· 
mental hypersensitivity pneumonitis in the mouse: histologic 
and immunologic features and their modulation with 
cyclosporin A. J Allergy Clin lmmunol, 1988, 81(2), 
391-400. 
19. Upadrashta BS, Adams PA, Kopp WC, Richerson HB. 
- Bronchoalveolar lavage T-cell and la antigen quantitation 
by flow cytometry in acute and chronic experimental hyper­
sensitivity pneumonitis. Exp Lung Res, 1989, 15(3), 359-373. 
20. Barrios R, Selman M, Franco R, Chapela R, Lopez JS, 
Fortoul TI. - Subpopulations of T-cells in lung biopsies 
from patients with pigeon breeders' disease. Lung, 1987, 165, 
181-187. 
21. Salvaggio JE. - Hypersensitivity pneumonitis. J 
Allergy Clin lmmuno~ 1987, 79, 558-571. 
22. Trentin L, Migone N, Zambello R, Francia di Celle P, 
Aina F, Feruglio C, Bulian P, Masciarelli M, Agostini C, 
Cipriani A, Marcer G, Foa R, Semenzato G. - Mechanisms 
accounting for lymphocytic alveolitis in hypersensitivity 
pneumonitis. J Immunol, 1990, 145, 2147-2154. 
23. Semenzato G, Trentin L, Zambello R, Agostini C, 

Marcer G, Cipriani A, Foa R, Migone N. - Cytotoxic 
lymphocytes in the lung of patients with hypersensitivity 
pneumonitis. Functional and molecular analysis. Ann NY 
Acad Sci, 1988, 532, 447-450. 
24. Semenzato G, Trentin L. - Cellular immune responses 
in the lung of hypersensitivity pneumonitis. Eur Respir J, 
1990, 3, 357-359. 
25. Semenzato G, Trentin L, Zambello R, Agostini C, 
Cipriani A, Marcer G. - Different types of cytotoxic 
lymphocytes recovered from the lung of patients with 
hypersensitivity pneumonitis. Am Rev Respir Dis, 1988, 137, 
7(}..74. 
26. Semenzato G, Agostini C, Trentin L, Zambello R, Luca 
M, Marcer G, Cipriani A. - Immunoregulation in farmer's 
lung disease. Correlation between the surface phenotype and 
functional evaluations at pulmonary level. Chest, 1986, 89, 
133S-135S. 
27. Yamasaki H, Kinoshita T, Ohmura T, Ando M, Soda K, 
Sakata T, Araki S, Onoue K. - Lowered responsiveness of 
bronchoalveolar lavage T-lymphocytes in hypersensitivity 
pneumonitis. Am J Respir Cell Mol Bioi, 1991, 4, 
417-425. 
28. Sanders ME, Makgoba MW, Shaw S. - Human naive 
and memory T-cells: reinterpretation of helper-inducer and 
suppressor-inducer subsets: lmmunol Today, 1988, 9, 
195-199. 
29. Semenzato G. - Current concepts on bronchoalveolar 
lavage cells in extrinsic allergic alveolitis. Respiration, 1988, 
54 (Suppl. 1), 59-65. 
30. Campbell DA, Poulter LW, du Bois RM. - Immuno· 
competent cells in bronchoalveolar lavage reflect the 
cell populations in transbronchial biopsies in pul­
monary sarcoidosis. Am Rev Respir Dis, 1985, 132, 
1300-1306. 


