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IN VITRO RESPONSES OF CANINE ALVEOLAR LYMPHOCYTES TO BeSO4 AFTER INHALATION

EXPOSURE TO BeO: COMPARISONS WITH HUMAN CHRONIC BERYLLIOSIS

Abstract - Alveolar lymphocytes obtained by broncho-

alveolar lavage (BAL) and peripheral blood lympho- PRiNcrPAL INVPSTIGATORS

cytes from 20 dogs exposed once by inhalation to P. J. HaZey

achieve low or high initial lung burdens (rLB) of G. L. Finch

beryllium oxide (Beo) calcined at one of two dif- J. A. Hewhinney

ferent temperatures, 500'C or 1000'C, were cultured F. F. Hahn

in vitro with BeSO4- Positive BAL lymphocyte re- H. D. Hoover

sponses were observed at 6 and 7 mo after exposure, D. E. Bice

with peak responses occurring at 7 mo followed by a

rapid decline. Peak BAL SI values ranged from a high of 64 at 6 mo to a low of 6 at 7 mo.

Positive blood SI were observed at 7 15, 18, and 22 mo after exposure in some, but not all, dogs

with high or low rLBs of 500'C or 1000'C BeO. Lymphocytes from lung and blood of control dogs did

not respond in vitro to BeSO4. These data Indicate that a single exposure of dogs to n aerosol

of BeO can result in beryZlium-specific Immune responses by alveolar ymphocytes.

Chronic beryllium disease (CBD) in man is a systemic immune-mediated granulomatous disease

with predominantly pulmonary manifestations. Despite the recognition of beryllium as the

etiologic agent, the pathogenesis of the disease remains obscure. Because CBD presents histologic

lesions in the lung similar to other granulomatous lung diseases, such as sarcoidosis, assays that

would allow definitive diagnosis have been sought. CBD occurs in only 3 of individuals exposed

to beryllium, and affected individuals develop beryllium-specific immune responses in blood and

lung. These observations suggest that an immunological assay, such as lymphocyte proliferation,

might allow more accurate diagnosis of the disease.1 While such beryllium-specific immune

responses have been identified in lung lymphocytes from humans, similar results in laboratory

animals exposed to beryllium have not been observed.2 More importantly, data from human patients

with CBD indicate that peripheral blood lymphocyte reactivity alone may not accurately reflect

either the predilection for, or the progression of, CBD.3 In fact, it appears that localized lung

lymphocyte reactivity to beryllium is central to the development of CBD, and that sampling of lung

lymphocytes is necessary for diagnosis in humans, as well as for experimental manipulation in

laboratory animals.

MATERIALS AND METHODS

Experime tal Design

Beagle dogs were exposed by inhalation to aerosols of beryllium in order to achieve either a

high (50 )jg/kg body weight) or low 17 jig/kg body weight) ILB of BeO that had been calcined at

either high (1000'C) or low (500'C) temperature. One group of dogs was sequentially sacrificed

for histologic evaluation and a second group of dogs underwent periodic bronchoalveolar lavage

(BAL) for the collection of lung lymphocytes. The initial lung burden pg/kg bw) of BeO in the

dogs evaluated was 18.4 27 (standard deviation) for the 500% low ILB group, 42.5 I 11.0 for
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the 500'C high 11-B group, 17 7 -L 1 7 for the 1000'C low I LB group and 40 7 20.2 for the 1000'C

high 11-B group. Lymphocyte responses to BeSO4 or PHA were evaluated for BAL and peripheral blood

c e I s .Sacrificed animals were examined through 12 mo after exposure while lymphocyte responses

were measured through 22 mo after exposure. lhe details concerning the number and care of the

animals used the beryllium exposure procedures, the evaluation of clearance, and histologic

responses observed have been described previously 1986-87 Annual Report, LMF-120, pp. 378-383).

Immunoloqic Ass-avs

Lymphocyte responses to BeSO4 and phytohemagglutin (PHA) were performed in triplicate, using a

standard lymphocyte stimulation assay.3 The final concentrations of PHA were 0. 5 and I pg/mL;

and of BeSO4 were I 0 0, 10 vM, and 100 ^ Following incubation (37'C, 5% C02) of lymphocytes

with PHA for 3 days or BeSO4 for 4 days, samples were pulse labeled with 1 .0 ACi of tritiated

thymidine (New England Nuclear, Boston, MA), the cells were harvested 6 h later, and the

radioactivity was measured by liquid scintillation spectroscopy. The stimulation index (SI) for

each sample was calculated as a ratio of counts per minute in experimental cultures divided by

control cultures. A SI of greater than 4 was considered a positive response.

Lung cytology samples were prepared by cytocentrifugation, followed by staining with

Diff--Quick (American Scientific Products, McGraw Park, IL). Differential cell counts were made by

counting 200 cells.

RESULTS

Percentages and numbers of lung lymphocyte in dogs with high or low ILBs of 500'C-treated BeO

only displayed a marked increase at 3 mo, which declined slowly through 22 mo (Figs. and 2.

Lymphocyte SI of both blood and BAL lymphocytes demonstrated a high degree of individual

variation (Figs. 3 and 4 Positive lymphocyte stimulation in response to eSO4 incubation was

seen more frequently in blood samples 14 of 16 dogs) than in BAL samples 3 of 16 dogs); however,

when blood and BAL samples were positive in the same animal, the BAL response was consistently

greater. Dogs with positive lymphocyte stimulation indices in BAL samples usually, but not

always, had positive indices in blood as well. Eleven of 16 dogs displayed a combination of

negative BAL SI accompanied by positive blood lymphocyte SI. In one case, there was evidence of

positive BAL lymphocyte responses in the absence of blood lymphocyte responses. Positive BAL SI

were observed only in dogs with high ILBs 500'C-treated e. Positive blood SI were observed in

some but not all animals with high or low ILBs of BeO particles, calcined at both 1000% and

5000C. Lymphocytes from lung and blood of control dogs did not respond to in vitro cultivation

with BeS04-

DISCUSSION

Rossman et al.3 suggested that positive responses of alveolar cells may have a 100%

sensitivity and specificity for CBD with the caveat that the results may be due to a selection

bias. The results presented here neither confirm nor contradict the postulate of lung lymphocyte

sensitivity and specificity for diagnosis of CBD. However, studies investigating localized

pulmonary immune responses in experimental animals,4 as well as observations in cases of

sarcoidosis,5 tend to confirm the hypothesis of a compartmentalized pulmonary immune response. In

the case of CBD, this compartmentalized response may be responsible for mediating the pathologic

sequelae. lhe data reported here do show that evidence of systemic sensitization, as measured by

peripheral blood lymphocyte responses, does not necessarily mean that sensitization within the

pulmonary compartment has occurred. Furthermore, these data suggest that sampling lung
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Figure Percent lymphocytes of cells recovered by bronchoalveolar lavage of dogs with either
high or low ILB, and 500OC- or 10000C-treated BeO. Each symbol represents a single animal and is
the same symbol for the same dog in all figures except for which represents the mean for the
control animals (N 4). Bars = standard error for control values.
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Figure 2 Total lymphocyte numbers in bronchoalveolar lavage samples from dogs with either high
or low ILB, and 5000C- or 1000'C-treated BeO. Each symbol represents a single animal and is the
same symbol for the same dog in all figures except for which represents the mean for the control

animals (N 4. Bars standard error for control values.
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Figure 3 Stimulation indices after culture with I 00 VM BeSO4 of c e 1 1 sobtained by

bronchoalveolar lavage of dogs with either high or low ILB, and 500'C- or 10000C-treated BeO.
Each symbol represents a single animal and is the same symbol for the same dog in all figures.
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Figure 4 Stimulation indices of peripheral blood lymphocytes after culture with 100 jjM BeSO Of
dogs with either high or low ILB, and 500'C- or 1000'C-treated BeG. Each symbol represents a
single animal and is the same symbol for the same dog in all figures.

lymphocytes may provide a better indication of an individual's sensitivity to beryllium and

possibly the propensity for developing CBD.

Despite extremely high percentages of lung lymphocytes 46 to 69%) and moderately elevated

lymphocyte numbers 36 x 106 to 17.3 x 106) in dogs with the high ILB, 500'C-treated BeO at 3 mo

after exposure, blastogenic responses of these cells following culture with BeSO4 were not

significantly different from control dogs. Furthermore, when lymphocyte percentages and numbers

were declining, stimulation indices were markedly positive. However, individual lymphocyte
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percentages and numbers correlated poorly with the level of stimulation indices in the same

animal. In fact, at 6 mo after exposure, dogs with the high ILB, 500'C-treated BeO displayed

lymphocyte numbers near those of unexposed control dogs, despite the presence of two dogs with

high SI. Clearly, the presence of large lymphocyte numbers and percentages within the lung

following exposure to beryllium is not an accurate reflection of beryllium sensitization.

Pathologic changes within the lung are probably a product of both the percent of

beryllium-specific lymphocytes generated as well as nonspecific inflammatory and chemotactic

events that attract large numbers of lymphocytes to the lung. Subsequently, only a small portion

of lymphocytes within some individuals go on to mount a beryllium-specific cell-mediated immune

(CMI) response. This response may be transient or result potentially in CBD. Even in this

context, the emergence of individuals with beryllium-specific CMI responses within the lung is not

necessarily indicative of evolving CBD but does suggest the existence of a potentially susceptible

subpopulation.

In summary, a single inhalation exposure of dogs to BeO produces granulomatous lung lesions

and lung lymphocyte responses consistent with those observed in humans with chronic beryllium

disease, with the caveat that such responses appear to resolve. It also appears that inhalation

exposure to beryllium produces nonspecific inflammatory changes characterized by the pulmonary

infiltration by large numbers of lymphocytes. In most cases, these lymphocytes are not

beryllium-specific and rapidly leave the lung. In a few individuals, a subset of

beryllium-specific lymphocytes persists within the lung and mediates beryllium-specific CMI

responses. It is postulated that beryllium-induced lung lesions are also mediated by this

beryllium-sensitized subpopulation of lymphocytes. Manipulation of this model may allow the

delineation of many of the pathogenic mechanisms responsible for the production of C8D.

The canine model described here offers distinct advantages over other animal models of CBD

that include: (1) granulomatous lung lesions occur in the dog after inhalation of an

occupationally relevant dose of beryllium, 2 the ability to repeatedly and sequentially sample

lung cells by bronchoalveolar lavage in a single animal, 3 local pulmonary immune responses of

dogs are more similar to those of humans than are those of rodents, and 4 dogs and man are the

only species shown to have beryllium-specific immune response localized to the lung after

inhalation of beryllium.

REFERENCES

1. Eisenbud, M. and J. Lisson. Epidemiological Aspects of Beryllium-Induced Nonmalignant Lung
Disease: A 30-Year Update, J. Occup. Med. 25(3): 196-202, 1983.

2. Barna, B. P., S. D. Deodhar, S. Gautam, M. Edinger, T. Chiang and J. T. McMahon. Experimental
Beryllium-Induced Lung Disease. II., Int. Arch. Allergy Appl. Immunol. 73: 49-55, 1984.

3. Rossman, M. D., J. A. Kern, J. A. Elias, M. R. Cullen, P. E. Epstein, 0. P. Preuss, T. N.
Markham and R. P. Daniele. Lung Proliferation to Beryllium: A Diagnostic Test for Chronic
Beryllium Disease, Ann. Internal Med., in press, 1988.

4. Bice, D. E. and G. M. Shopp. Antibody Responses After Lung Immunization, Exp. Lung Res. 14:
133-155, 1988.

5. Hunninghake, S. W. and R. G. Crystal. Pulmonary Sarcoidosis: A Disorder Mediated by Excess
Helper 1-Lymphocyte Activity at Sites of Disease Activity, New Enql. J. Med. 305: 429-434,
1981.

3 


