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Immunological studies of patients with asbestosis
I. STUDIES OF CELL-MEDIATED IMMUNITY
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SUMMARY

A variety of cancers have been documented in patients exposed to asbestos dust. Since a deranged
immune system may play a role in cancer development, the general level of immunocompetence
was studied in a group of twenty-six patients with radiographically defined asbestosis, who
might be at risk of developing asbestos-related neoplasms. Statistical comparisons were made
with a comparable control group. A disproportionate number of the patients displayed cutaneous
anergy to certain recall antigens and to 2,4-dinitrochlorobenzene. In vitro studies of cellular
immunity, as evaluated by phytohaemagglutinin-induced proliferative and cytotoxicity assays,
showed significantly lower values amongst the patient group. Serum inhibitors of mitogen-
induced lymphocyte transformation were also detected in several of the patients. The possible
significance of these findings is discussed.

INTRODUCTION

The development of malignant mesotheliomas has been well documented in association with previous
occupational or environmental exposure to asbestos dust (Wagner, Sleggs & Marchand, 1960; Magner
& McDonald, 1972; Webster, 1973). Attention has also recently been focused on further possible
carcinogenic hazards of asbestos dusts in relation to various other human malignancies, especially lung
cancers (Berry, Newhouse & Turok, 1972; Selikoff, Hammond & Churg, 1972), gastro-intestinal
malignancies (Enterline & Kendrick, 1967; Selikoff, Hammond & Seidman, 1973), carcinoma of the
larynx (Stell & McGill, 1973; Libshitz et al., 1974) and neoplasias of the haematopoietic system (Lieben,
1966; Gerber, 1970).
The mode of action of asbestos dusts in exerting their fibrogenic and possibly carcinogenic effects

has aroused considerable debate. Interest has centred largely on the structural and aerodynamic
properties of the fibres (Stanton, 1973; Timbrell, 1973). However, other factors, particularly the body's
immune defences, might also play a role. Opposing views have been advanced concerning the homeo-
static role of the immune system during the early stages of oncogenesis (Burnet, 1970; Prehn & Lappe,
1971; Moller & Moller, 1976).
Reports of immunological studies on patients with asbestos-related disorders have been comparatively

infrequent. Emphasis has been placed largely on disturbances of humoral immunity in patients with
pleural thickening (Stansfield & Edge, 1974) and asbestosis (Turner-Warwick, 1973; Lange et al., 1974).
Investigations of cellular immunity relate to preliminary reports on small numbers of cases of asbestosis
(Kang et al., 1974) and mesotheliomas (Ramachandar et al., 1975).
The present study was undertaken in accordance with a recommendation of the Advisory Committee
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on Asbestos Cancers (Report, 1973), in order to evaluate the general level of immunocompetence
amongst a group of patients with parenchymal asbestosis, who could be at risk of developing asbestos-
related neoplasms. Several parameters of cell-mediated immunity were studied in vivo and in vitro.

MATERIALS AND METHODS

Selection ofpatients. The twenty-six patients chosen for this study were all referred to the Department of Occupational
Medicine of the National Research Institute for Occupational Diseases (NRIOD). An unequivocal history of exposure to
asbestos dust was elicited in every instance. The patients, all males, ranged in age from 36-75 years (mean = 49-8 years).
Most were employed in the asbestos cement industry, where mixed occupational exposure to chrysotile, Cape crocidolite
and amosite asbestos had occurred. One person, a welder, worked with asbestos lagging, whilst another, a carpenter, cut
asbestos sheeting. A history of asbestos mining was obtained in two instances: one in association with Cape crocidolite and
one with chrysotile and Cape crocidolite.

Chest roentgenograms were performed on all patients. These comprised routine (60 kV) and high kilovoltage (200 kV)
postero-anterior exposures, as well as high kilovoltage right and left oblique views. The radiographs were assessed according
to the ILO/UC 1971 classification of radiographs of the pneumoconioses (International Labour Office, 1972).

Roentgenographic changes consistent with parenchymal asbestosis were apparent in all the patients included in the study.
The pathological findings were predominantly basal in situation. Apically distributed stellate opacities, suggestive of paren-
chymal scarring, were recorded in seven instances. These were attributed to previous tuberculous infection. No other signi-
ficant radiographic lung pathology was noted. The duration of asbestos exposure in individual cases varied from 9-39 years
(mean = 21-9 years). No attempt was made to correlate the extent of radiographic changes with any quantitative immuno-
logical assessment, since advanced pathological changes were noted in the majority of patients and only four subjects demon-
strated roentgenographic features which could be interpreted as slight. At the time of being studied, all the patients were
afebrile. and none were receiving steroids or immunosuppressive therapy.

Control subjects. These were derived from the professional, scientific, clerical and maintenance workers of the NRIOD
and neighbouring institutions. Care was taken to exclude from the study anyone having a possible or definite history of
occupational or environmental exposure to asbestos dust. Postero-anterior chest radiographs were obtained on all indi-
vidiuals in this group and oblique views were taken of all except five individuals. Roentgenographic changes consistent
with parenchymal asbestosis were not observed in any of the control subjects, although features consistent with lung scarring
were found in five individuals. Delayed hypersensitivity skin tests were performed on thirty male control subjects (age range
= 29-65 years; mean = 48 5 years) whereas in vitro immunological studies were performed on blood obtained from forty-
five male controls (age range = 28-68 years; mean = 45 9 years).

Delayed hypersensitivity skin tests. A battery of delayed hypersensitivity skin test antigens were employed for the assessment
of immunological recall: (1) streptokinase-streptodornase (Varidase®, Lederle) containing 4 u of streptokinase and 1 u of
streptodornase per 0-1 ml; (2) Candida albicans allergenic extract (Hollister-Stier) diluted 1/100; tuberculin purified protein
derivative (PPD), kindly supplied by Dr H. H. Kleeberg, containing 10 u per 0-1 ml of Tween® 80 solution. The presence
or absence of delayed hypersensitivity cutaneous reactivity was noted 48 hr after i.d. injection of 0-1 ml of antigen solution.
A positive reaction was recorded when there was induration of at least 5 mm diameter at the test site. If reactions of less
than 5 mm induration were obtained with any ofthe antigens, the procedure was repeated with a 10-fold greater concentration
of the antigen solution. A reaction was classed as negative if there was no cutaneous reactivity to either antigen strength.
Positive reactions were scored as follows: + = positive reaction only to the stronger concentration of antigen; + + = posi-
tive reaction to the weaker concentration of antigen.
The contact allergen, 2,4-dinitrochlorobenzene (DNCB), was used to evaluate sensitization to new antigens. The tech-

nique used for DNCB contact sensitization was based on the method of Catalona, Sample & Chretien (1972). Reactions
were scored as follows: - ++ = positive spontaneous flares at 2 mg and 50 pg test sites; +-+ = positive spontaneous
flare at 2 mg test site only; + = positive delayed hypersensitivity reaction elicited only after 50 pg challenge dose applied;
- = no cutaneous reactivity evident, even after 50 pg challenge dose applied.

Phytohaemagglutinin-induced lymphocyte proliferative assays. Approximately 30 ml of venous blood was collected into a

moistened syringe containing 20 u of preservative-free heparin (PanheprinS, Abbott) per ml. Lymphomononuclear cells
werS obtained by dilution of the heparinized blood with an equal volume of saline and subsequent centrifugation on a

Ficoll-sodium metrizoate (Lymphoprep®, Nyegaard & Co.) mixture (Harris & Ukaejiofo, 1,969). The cells aspirated from
the interface layer were then washed 3 times with M 150 medium and finally resuspended in M 150 medium at a concentration
of 2x 106 lymphocytes per ml. Quadruplicate cultures comprising 0 5 ml of lymphocytes (final concentration of 5 x 105
lymphocytes per ml) in 2 ml of M 150 medium (containing 20% autochthonous or allogeneic" AB serum) were then set up.
Phytohaemagglutinin (PHA) at a final concentration of 1 pg per ml (purified grade, Wellcome) was added to one set of
lymphocyte cultures. Allogeneic AB serum was substituted for autochthonous serum in half the culture preparations, in

order to exclude the presence of inhibitors of mitogen-induced lymphocyte proliferation (Kagan et al., 1975).
All cultures were incubated at 37°C for 72 hr in stoppered test-tubes. Approximately 18 hr before termination of the

cultures, methyl-3H-labelled thymidine ([3H]TdR) (specific activity 18-5 Ci/mMol) (Radiochemical Centre) was added to

each culture tube (final concentration of 1 uCi per ml). At the completion of the test, the lymphocytes were lysed with
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distilled water and the [3H]TdR incorporation was assayed by a Millipore filter technique (Robbins et al., 1972). The
stimulation index was expressed as the ratio of the [3H]TdR uptake (d/min) in cultures containing PHA to the [3H]TdR
uptake (d/min) in cultures without PHA. A particular serum was classed as having a serum inhibitor of PHA-induced
lymphocyte proliferation if the stimulation index of cultures in allogeneic AB serum exceeded that of cultures in autochthon-
ous serum by at least a factor of 2.

Phytohaemagglutinin-induced, lymphoid cell-mediated cytotoxicity. This assay of cytotoxic effector cell function involved
a slight modification of a method previously described. Lymphomononuclear cells from approximately 30 ml of heparinized
venous blood were obtained after centrifugation on Ficoll-sodium metrizoate. The lymphomononuclear cells and chicken
erythrocyte target cells were prepared for culture as described (Sherwood & Blaese, 1973).

Triplicate cultures with and without PHA were incubated at 370C in stoppered plastic tubes for 40 hr. Cultures (containing
a total volume of 1-2 ml) comprised 1 x 106 lymphomononuclear cells in RPMI 1640 medium (containing 5%4 foetal calf
serum) mixed with 5 x 104 5 'Cr-labelled chicken erythrocytes and 2-5 x 106 washed human group 0 erythrocytes (originally
collected into Alsever's solution). One set of cultures also contained 1 jug ofPHA (purified grade). The human erythrocytes
were added, in order to minimize the spontaneous release of 5'Cr into the supernatant medium. In this way, spontaneous
release values were reduced from 20-25 to 8-14%o.
At the end of the test, supernatant equivalent to half the culture volume was removed, after prior centrifugation. Both the

supernatant and pellet were counted separately in a Packard Auto-Gamma Scintillation Spectrometer. The degree of cyto-
toxicity was calculated, by determining the percentage of total radioactivity released from the chicken erythrocytes into the
supernatant. The following formula was employed:

supernatant ct/min x 2
percentage 5'Cr release = x 100.

supernatant ct/min+pellet ct/min

RESULTS

Delayed hypersensitivity skin tests
The results of skin testing with a battery of recall antigens are illustrated in Table 1. Strongly positive

cutaneous delayed hypersensitivity reactions to PPD were generally noted amongst all subjects tested
and no significant differences were demonstrated by the X2 exact test between the patient and control
groups. Only one subject in each group displayed cutaneous anergy to PPD.

TABLE 1. Comparative frequencies of delayed hypersensitivity cutaneous
reactions to recall antigens amongst patients with asbestosis and control

subjects

Frequency of reaction elicited

Reaction Patient group Control group
Recall antigen score (Total = 26) (Total = 30)

Streptokinase- + + 11 8
streptodornase + 1 16

- 14 6
'-P< 005-

C. albicans ++ 19 25
allergenic extract + 2 5

- 5 0
-P< 005-4

Tuberculin purified ++ 25 26
protein derivative + 0 3

- 1 1

* For interpretation of symbols see text.

Although all control subjects manifested positive skin reactions to C. albicans extract, negative reactions
were recorded in five of twenty-six patients with asbestosis. This difference was significant (P<0.05).
Negative cutaneous reactions to streptokinase-streptodornase (SK-SD) extract occurred significantly
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more frequently (P<0 05) amongst the patients (fourteen of twenty-six) than amongst the controls
(six of thirty).
The results of testing for cutaneous reactivity to DNCB are shown in Table 2. All the control subjects

manifested strong (+ + and + + +) reactions to this antigen, which contrasted strikingly with the
reactions noted in the patient group. Cutaneous anergy to DNCB was shown in seventeen of twenty-
six subjects in this group, and a further two individuals manifested only weak (+) reactions. These
findings were significantly different from those noted amongst the controls (P<001).

TABLE 2. Comparative frequencies of delayed
hypersensitivity cutaneous reactions to 2,4-
dinitrochlorobenzene amongst patients with

asbestosis and control subjects

Frequency of reaction elicited

Reaction Patient group Control group
score* (Total = 26) (Total = 30)

+++ 2 4
++ 5 26
+ 2 0
- 17 0

U-P< 0-01-+

* For interpretation of symbols see text.

Phytohaemagglutinin-induced lymphocyte proliferative assays
The results of the PHA-induced lymphocyte proliferation studies are illustrated in Fig. 1, and

expressed as stimulation index values. The latter showed considerable variation within both groups of
subjects studied. Nevertheless, group differences were apparent. The Wilcoxon-Mann-Whitney test
revealed highly significant differences between the stimulation indices of cultures in autochthonous

50
600 (a)C ) (b) ) (a) )

5000
40 -

,c400 -Z

FIG.I 2G

~300

FIG.~ ~ ~~U1. .htheaguii-nue Imh tprlfaivassas oiotllnsidct emti

200 -~

S-~~2

100~~~~~~1

A B A 8 1

AO*OOI~~~~~~ PAOOl-0
.-POVOI-0

Fir.. I ~~~~~~Firs. 2

FIG. 1. Phytohaemagglutinin-induced lymphocyte proliferative assays. Horizontal lines indicate geometric
means. A = Autochthonous serum cultures; B = AB serum cultures. (a) Patient group; (b) control group.
FIG. 2. Phytohaemagglutinin-induced, lymphoid cell-mediated cytotoxicity. Horizontal lines indicate geo-
metric means. (a) Patient group; (b) control group.
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serum amongst the group of patients with asbestosis, when compared with the control group (P<0-001).

Overt group differences were also evident for cultures in allogeneic AB serum. Significantly lower
stimulation indices were again noted amongst patients, when compared with controls (P<0O001). It is
of interest that serum inhibitors of PHA-induced lymphocyte transformation were detected in five of
twenty-six patients, but in only one of forty-five control subjects; however, the numbers involved were
below the level of statistical significance.

Phytohaemagglutinin-induced, lymphoid-cell-mediated cytotoxicity
The values obtained for the PHA-induced cytotoxicity assays are shown in Fig. 2. The results showed

considerably less scatter than was observed for the PHA-induced proliferative assays. Distinct group
differences were shown once again, since the values recorded in the patient group were significantly
lower than those obtained in the control group (P<0-01).

DISCUSSION
The present investigation was undertaken in accordance with a recommendation of the Advisory
Committee on Asbestos Cancers (Report, 1973). The purpose of the study was to evaluate the degree
of immunocompetence of a group of patients with radiographic evidence of parenchymal asbestosis,
who might be at risk of developing asbestos-related neoplasms.

Significant cutaneous anergy to extracts of C. albicans (19% of cases) and SK-SD (54% of cases) was a
notable feature of the patient group in this study. Even more striking was the failure of contact sensi-
tization with DNCB, which was apparent in two-thirds of the patients with asbestosis, but in none of
the controls.

It is conceivable that the manifestations of cutaneous anergy to recall and new antigens exhibited by
the patients with asbestosis might be due to impaired function of one or more components ofthe cellular
immune response. The expression of cutaneous delayed hypersensitivity requires a non-specific inflam-
matory component, together with an integrated series of immunological events, which include antigen
processing, immunological memory, lymphocyte-macrophage interaction, lymphocyte proliferation and
lymphokine production. A defective inflammatory response seems unlikely in these subjects, since all
but one displayed non-specific, irritant, inflammatory reactions within 24 hr of application of 2%
DNCB (results not shown).
A curious discrepancy was noted in the patient group between the delayed hypersensitivity cutaneous

reactions elicited with DNCB (and to a lesser extent with SK-SD) and with PPD and C. albicans
extract. The predominence of strong (+ +) reactions to PPD may relate to contact with Mycobacterium
tuberculosis during childhood, when no occupational exposure to asbestos would yet have occurred.
There is a high prevalence of active tuberculosis amongst young schoolchildren in certain parts of South
Africa, where up to 10% of school entrants may be infected (Taute, 1975). It is thus conceivable that
most of the patients (and controls) in this study may have been sensitized to mycobacterial products
at an early age. A similar situation may pertain with respect to previous sensitization to C. albicans.
These findings suggest that immunological recall in relation to both these ubiquitous 'early age sensi-
tizers' was essentially intact amongst most patients with asbestosis. However, in the case of newly
introduced antigens such as DNCB, some impairment of immunological memory seems apparent at a
time when the radiographic stigmata of parenchymal asbestosis are already manifest. SK-SD extract
was found to be a 'weak' elicitor of cutaneous delayed hypersensitivity amongst both the patient and
control groups. The higher frequency of cutaneous anergy to this antigen amongst the patients may also
relate to some disturbance of memory function for 'weak' elicitors in association with asbestosis.

Proliferative assays on lymphocytes from the patient group showed, both in autochthonous and allo-
geneic serum, a significant reduction in mitogen-induced lymphocyte transformation, when compared
with similar studies on lymphocytes from controls. Since PHA stimulates blastogenesis ofT lymphocytes
predominantly and, to a lesser extent, of B lymphocytes (Chess, Macdermott & Schlossman, 1974;
Kreeftenberg, Leerling & Loggen, 1975), it is possible that a qualitative T-cell defect is present in patients
with asbestosis.
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The discovery of serum inhibitors of PHA-induced lymphocyte proliferation in 19% of patients with

asbestosis (but in only one control subject) is of interest. Although the significance of these inhibitors
is unknown, similar inhibitors of lymphocyte blastogenesis have been described in patients with cancer
(Catalona, Sample & Chretien, 1973), sarcoidosis and in a variety of diseases characterized by derange-
ment of immunity (Mangi, Dwyer & Kantor, 1974).
Another parameter of cell-mediated immunity, PHA-induced cytotoxic effector cell function, was

also found to be significantly reduced amongst asbestosis patients, when compared with controls. This
assay of cellular effector mechanisms appears to involve the interaction of T and B lymphocytes, 'null'
cells and monocytes (Wisl0ff, Fr0land & Michaelsen, 1974; Muchmore et al., 1975). No significant cor-
relation between PHA-induced blastogenesis and cytotoxicity was noted in any of the groups tested
(P> 0.05).
We have shown elsewhere that both the proportion and absolute amount of circulating T lymphocytes

were reduced in a number of the patients with asbestosis (Kagan et al., submitted for publication).
A quantitative T-cell deficit might account for some of the defective expressions of cell-mediated
immunity noted in this group of subjects. Indeed, in several patients, reduced percentages and absolute
numbers ofT cells in the blood were found in association with cutaneous anergy to DNCB and with low
PHA-induced proliferative assay values (both in autochthonous and allogeneic AB serum). Con-
sideration of the patient group as a whole, however, showed no significant correlation between the
relative or absolute numbers of circulating T cells and any of the parameters of cellular immunity
investigated (P>0.05).

It therefore seems likely that multiple factors, including possibly altered macrophage or monocyte
function, may be responsible for the disturbances of cell-mediated immunity which were observed
amongst the patients with asbestosis. Although macrophage function was not specifically investigated,
functional derangements of monocytes or macrophages could have relevance to the findings in this
study, since these cells are important in delayed hypersensitivity responses and are known to be injured
by asbestos. Thus certain varieties of asbestos (especially chrysotile) have been shown to exert pro-
nounced cytotoxic effects on macrophage cultures in vitro (Allison, 1974). Moreover, crocidolite asbestos
is capable of producing striking in vivo alterations of alveolar macrophage surface topography (Miller
& Kagan, 1976).
The results of this study may have relevance to the possible development of cancer subsequent to

asbestos exposure. Although the classical concept of immunological surveillance (Burnet, 1970) has
recently been subjected to critical reappraisal (Schwartz, 1975; Moller & M6ller, 1976), some of the
principles on which the theory is based may apply in certain select situations. The manifestations of
defective cellular immunity, which were found in the group of patients with asbestosis may have rele-
vance in this regard.

These observations are also compatible with the alternative theory of immunostimulation of tumour
development (Prehn & Lappe, 1971). It is therefore conceivable that presumed carcinogenic properties
of asbestos dust might act in concert with a defective immune apparatus in patients with asbestosis, the
subsequent development of malignancy occurring as a result of these phenomena. Whatever the possible
significance of these findings, the present study has shown that immunological procedures may prove
useful for screening selected populations at risk -of developing cancer in certain situations.

We wish to thank Dr B. Goldstein and Dr G. K. Sluis-Cremer for helpful advice and criticism, and Mr R. I. M. Hand-
field for preparing the illustrations. Chest roentgenograms were taken in the Radiology Department of the Medical Bureau
for Occupational Diseases.
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