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Increase in numbers of CD8 positive lymphocytes
and eosinophils in peripheral blood of subjects with
late asthmatic reactions induced by toluene
diisocyanate

Susetta Finotto, Leonardo M Fabbri, Vanda Rado, Cristina E Mapp, Piero Maestrelli

Abstract
Occupational asthma induced by toluene
diisocyanate (TDI) shares several features
with allergic asthma, but the mechanism of
action ofTDI is poorly understood. Ten sensit-
ised subjects, previously shown to develop a
dual or late asthmatic reaction after inhaling
TDI were examined. In each subject, forced
expiratory volume in one second (FEV,) was
measured and venous blood was taken before,
and 30 minutes and eight, 24, 48, and 72 hours
after exposure to TDI (0 005-O'015 ppm for 10-
30 minutes). Filtered air was used as a control.
Differential leucocyte counts were determined
and phenotypic analysis was performed by
immunofluorescence on mononuclear cells
using monoclonal antibodies (anti-CD3, anti-
CD4, anti-CD8, and anti-HLA-DR). Five
subjects developed a dual asthmatic reaction
and five had a late reaction. Percentage ofCD8
positive lymphocytes increased significantly
eight hours after exposure to TDI (from 27 + 3
(SEM) % to 42-1 + 5%) in the subjects with an
isolated late reaction. A delayed significant
further increase in suppressorlcytotoxic T
lymphocytes was seen in seven of the 10
subjects 48 hours after active exposure (from
27 +2% to 42 + 4-8%), irrespective ofthe type of
asthmatic reaction developed after exposure to
TDI. Eosinophil percentage increased from
2-5% + 1 0 to 6-4% + 1-2 24 hours after exposure
to TDI and the increase was sustained for up to
48 hours (4 7 + 1 1%). No significant variations
of FEV, or cell percentages were seen in the
controls. In conclusion, the events triggered by
exposure to TDI in sensitised subjects included

changes in lung function and systemic effects
which lasted longer than bronchoconstriction
and concerned suppressor/cytotoxic lym-
phocytes and eosinophils. These results suggest
that TDI induced late asthmatic reactions may
be associated with an immunological response
to TDI or to its products.

Exposure to isocyanates causes asthma in up to 5% of
people.' The mechanism of isocyanate induced
asthma is unknown. Early, late, or dual asthmatic
reactions can be induced by inhalation oflow concen-
trations of isocyanates in the laboratory,23 and late
asthmatic reactions and the associated increase of
bronchial hyperreactivity are prevented by cortico-
steroids.4 Bronchoalveolar neutrophilia and
eosinophilia occur during late asthmatic reactions
induced by toluene diisocyanate (TDI).' Although
TDI induced asthma shares some of the character-
istic features of allergen induced asthma, an allergic
mechanism of TDI induced bronchoconstriction is
controversial.i' Alterations in T cell subsets, either
in blood or in bronchoalveolar lavage, after allergen
induced asthma have been reported,1'1-3 supporting
an immune mediated mechanism of broncho-
constriction. We have compared T cell subpopula-
tions and circulating leucocytes after experimental
inhalation of either TDI or filtered air as a control in
asthmatics who were previously identified as dual or
late responders.

Subjects and methods
Ten patients with occupational asthma induced by
TDI were studied. All subjects gave their written
informed consent to participate. When occupational
asthma was diagnosed patients were interviewed and
underwent intradermal skin tests with common aller-
gens, lung function measurements, and metha-
choline and TDI inhalation tests. Table 1 gives the
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Table 1 Clinical details, baseline lungfunction, and response to TDI in 1Opatients

Maximumfall in FEV,
after TDI

Pre TDI FEV, Pre TDI PD,,-FEV1
Patient No Sex* Age (y) Atopy (% predicted) (mg methacholine) Early (%) Late (%)

Dual responders
1 M 24 - 90 0-26 24 32
2 W 19 + 103 0-43 25 24
3 M 20 + 76 0-08 62 53
4 M 50 + 106 0-18 18 34
5 M 40 - 94 0 07 37 43

Late responders
6 W 20 - 103 0-21 7 36
7 W 36 - 108 0-06 0 53
8 W 34 + 134 0-51 11 21
9 W 45 - 106 0-13 11 46
10 M 26 - 109 0-12 8 60

*M= Man; W = woman.

clinical details. The patients developed a significant
bronchoconstriction to less than 0 7 mg of inhaled
methacholine, indicating that they had bronchial
hyperreactivity.'4 All subjects were non-smokers and
at the beginning of the study they had been free of
symptomatic respiratory infections and of exposure
to isocyanates for at least four weeks.

DESIGN OF THE STUDY
The subjects were examined on two occasions. On
one occasion they were exposed to TDI, on the other
to filtered air (control) in a single blind trial. If the
first exposure was TDI, the control exposure was
performed at least a month later. The control
experiment could not be done in patient No 6, as she
withdrew from the study for personal reasons. For-
ced expiratory volume in one second (FEVI) was
measured before exposure and at 30 minutes, hourly
for eight hours, and then 24 hours after exposure.
Venous blood was taken before each exposure, and 30
minutes and eight, 24, 48, and 72 hours after
exposure. Total and differential leucocyte numbers
and T cell subpopulations were measured in each
blood sample.

INHALATION CHALLENGE WITH METHACHOLINE
Airway responsiveness to methacholine was assessed
as previously described.'4 Aerosols were generated by
a De Vilbiss 646 nebuliser (De Vilbiss Co, Somerset,
PA) connected to a Rosenthal French dosimeter (R)
(Johns Hopkins University, Baltimore, MA) driven
by compressed air. Five inhalations were taken of
phosphate buffered saline and of each increasing
doubling dose of methacholine (0 5 to 64 mg/ml).
These were given at five minute intervals until a 20%
fall in FEV, was measured three minutes after the
beginning of each set of inhalations of methacholine
aerosol. The cumulative dose of methacholine
producing a 20% fall in FEV, (PD20 FEV,) was
calculated.

INHALATION CHALLENGE WITH TDI
Subjects were exposed to TDI (0-005-0015 ppm) in
a 9 0 m' exposure chamber as previously described.'4
The TDI atmosphere was generated by blowing air
over the surface of TDI (20 ml) in a 200 ml glass
washing bottle. The flow rate of air was controlled by
a rotameter calibrated at a flow rate of 2 1/min. A fan
in the chamber ensured adequate mixing and cir-
culation. The concentration generated was measured
with MDA Model 7005 isocyanate detection equip-
ment (MDA Scientific Inc, Glenview, Ill).
The subject was seated close to the detection

equipment. Each subject was watched through the
windows of the chamber. The exposure time was 30
minutes, or until the appearance of the symptoms of
asthma in the subjects who developed an early
asthmatic reaction. The FEV, was measured using a
dry bellows spirometer (Ohio Mod 840, Houston,
Tx). On the control day, the same experimental
procedure was adopted but subjects were exposed to
filtered air.

COUNTING OF BLOOD CELLS AND T LYMPHOCYTE SUB-
POPULATIONS
Total numbers of blood erythrocytes and leucocytes
were counted with a Coulter counter (Coulter Elec-
tronics Ltd, Northwell Drive, Luton, England).
Leucocyte differential counts were performed on a
glass slide smear treated with Wright-Giemsa stain.
Mononuclear cells were separated from 10 ml of

heparinised venous blood by centrifugation on a
Ficoll-Paque gradient. Cells at the interface were
washed twice with saline and resuspended in Roswell
Park Memorial Institute (RPMI) 1640 (Gibco,
Grand Island, NJ) at a concentration of 1 x 106 cells/
ml. More than 98% ofmononuclear cells were viable
as judged by tripan blue exclusion. Cells were
identified using murine monoclonal antibodies anti-
CD3 (OKT3), anti-CD4 (OKT4) (Ortho Pharma-
ceuticals, Raritan, NJ), and anti-CD8 (SOT8) (Sorin
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Biomedica, Vercelli, Italy). Irrelevant monoclonal
antibody anti-cytokeratin (Dakopatts A/S, Den-
mark) and diluent ofantibodies were used as negative
controls. One million cells were incubated with 10 jul
of monoclonal antibody for 30 minutes at 4°C. After
incubation the cells were washed twice in cold saline
and incubated with fluorescein conjugated goat
antimouse immunoglobulin (Becton and Dickinson,
Sunnyvale, CA) for 30 minutes at 4°C. Cells were
washed twice in cold saline before counting. Two
hundred cells were examined blind with a Zeiss
fluorescence microscope (Zeiss, Germany) and the
results were expressed as a percentage of positively
stained cells. Negative controls showed 1 + 0 3
(SEM) % of positive cells. Mononuclear cells
expressing the major histocompatibility antigen were
identified with a monoclonal antibody anti-HLA-
DR phycoerytrin (PE)-conjugated (Becton and
Dickinson, Sunnyvale, CA). For direct immuno-
fluorescence one million cells in RPMI 1640 were
incubated with 20 jul ofthe antibody for 30 minutes at
4°C and then washed three times in cold isotonic
saline. Positive cells were counted as above for
indirect immunofluorescence.

STATISTICAL ANALYSIS
The data are presented as the means + SEM.
Comparisons of values after TDI and after control
treatment at the different times were made by one
way analysis of variance. Greater than 95%
probability was considered to be significant.

Results
After exposure to TDI, five subjects developed an

isolated late asthmatic reaction, and five subjects had
a dual asthmatic reaction (table 1). Patient 4 had a
maximum fall in FEV, of 18% within the first hour
after exposure to TDI. This change in lung function
was considered a true early asthmatic reaction as his
variability of FEV, on the control day was 5% and he
showed a definite dual asthmatic reaction on a
previous inhalation ofTDI. Figure 1 shows the time
course of TDI induced bronchoconstriction of
patients who exhibited late or dual asthmatic re-
actions. No bronchoconstriction was elicited by
control treatment in any of the subjects.
Numbers of circulating erythrocytes and leuco-

cytes did not change significantly after exposure to
TDI. Percentage of eosinophils increased 24 hours
after exposure, however, and the increase was sus-
tained for up to 48 hours (table 2). When the results
were expressed as absolute cell count, a significant
eosinophilia at 24 hours was confirmed. The percen-
tages of neutrophils, lymphocytes, and monocytes
did not change (table 2).
The percentage of mature T lymphocytes, as

determined by cells stained positively for CD3,
ranged from 50 to 90% and the mean values at
baseline and at the different times did not differ
significantly in control and active experiments. By
contrast the percentage of CD8 positive cells in-
creased eight hours after exposure to TDI, during
the late asthmatic reactions (p < 0 05; fig 2). The
increase was more evident in patients with an isolated
late asthmatic reaction (fig 3). A delayed further
increase in percentage of CD8 positive cells was
detected 48 hours after exposure in seven of the
10 subjects, irrespective of the type of previous
asthmatic reaction (fig 3). By contrast, CD4 positive
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Figure 1 Variations ofFEV, (mean + SEM) after bronchial exposure to TDI (*) andfiltered air (0) in subjects who
developed (A) late asthmatic reactions (n = 5) or (B) dual asthmatic reactions (n = 5).

5,

4-

3-
-j

LLuE 2-

1-

0
Pre 05 2

tz I ,- SI,

* TDI
O SHAM|

-IA
24

118

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.48.2.116 on 1 F

ebruary 1991. D
ow

nloaded from
 

http://oem.bmj.com/


Lymphocytes and eosinophils in toluene diisocyanate induced asthma

cells did not change and thus the CD4/CD8 ratio
slightly decreased eight and 48 hours after active
exposure (1 53+0 59 and 1 62+0 98) compared
with baseline (1 8+0 6). Also, HLA-DR positive
cells slightly increased during TDI induced
bronchoconstriction, but the increase was not statis-
tically significant (fig 2).

Discussion
This paper shows that late asthmatic reactions
induced by TDI are associated with an increase in
numbers of suppressor/cytotoxic lymphocytes and
eosinophils in peripheral blood.

Diurnal variations are unlikely to have influenced
our findings as blood was sampled at the same time of

Table 2 Total and differential counts of blood leucocytes in sensitised patients pre and post-exposure to TDI (n = 10) or
filtered air (n = 9)

Post-exposure

Cells Treatment Pre-exposure 30 min 8 h 24 h 48 h 72 h

Leucocytes/mm' x 103 TDI 6.4 6 3 7-3 6-4 6-7 6 1
(0-8) (0-7) (0-5) (0-6) (0-7) (0-5)

Control 5 2 5-3 6-4 5-0 6-1 4-9
(03) (03) (06) (02) (1 0) (02)Neutrophils (%) TDI 60 8 60 8 66-3 62-2 59-2 63.6
(4 8) (3-2) (3 7) (2 9) (2-9) (4 1)

Control 60 8 61 7 64 2 61.0 60-0 60 4
(2 3) (2-8) (1 6) (2 7) (2-5) (39)

Lymphocytes (%) TDI 34-0 36.7 30 5 28-6 31-0 29 4
(4-0) (3-9) (3-5) (2-2) (2-2) (2-1)

Control 34 2 33-8 33-2 340 35-8 34-7
(20) (2-3) (1 3) (20) (2-6) (3 2)

Eosinophils (%) TDI 2-5 2-7 1.2 64' 4-7c 3-9
(0-7) (0-7) (0-4) (1 22 (1 1) (1- 1)

Control 2 7 2.1 0-8 2-6 2 0d 2-1
(0 8) (0 5) (0 1) (0 8) (0-6) (0 6)

Monocytes (%) TDI 2 7 2.0 2 2 3-4 5-4 3.7
(1 0) (1-2) (09) (1 9) (28) (22)

Control 2-1 2-3 1 7 2 6 2-0 2 7
(1-0) (09) (06) (08) (1 3) (1-3)

Results are expressed as means (SEM). Analysis of variance (one way); a v b and c v d, p < 0-05.
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Figure 2 Percentages of blood mononuclear cells stained with monoclonal antibodies anti-CD3, anti-CD4, anti-CD8, and
anti-HLA-DR pre and post challenge with TDI (0) andfiltered air (0) in 10 subjects who exhibited late or dual asthmatic
reactions after active exposure. Arrows indicate the bronchial challenges. *p < 0 05; analysis of variance (one-way).
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Figure 3 Different pattern of variations of the CD8
positive lymphocytes in TDI induced dual (upper panel)
and late (lower panel) asthmatic reactions.
* TDI; 0 control. *p < 0-05; analysis of variance
(one-way).

day both after TDI and control exposure except for
the eight hour time point. Because no variations of
total leucocyte numbers and percentages of CD3
positive cells were seen at the different times, it was
considered appropriate to express the results as

original percentages.
Lung functions returned to baseline values within

24 hours after exposure to TDI and no patients had
any respiratory symptom later. No drugs, except
inhaled salbutamol, were allowed and blood was

sampled at least- six hours after salbutamol.
Therefore, the changes we detected 24 to 72 hours
after TDI are unlikely to be due to a drug effect,
recurrent asthma, or inadvertent re-exposure to
isocyanates, as the-patients were kept in hospital
during the study.

Subjects with late and dual asthmatic reactions
exhibited different kinetics of increase in CD8
positive cells at eight hours after exposure to TDI
indicating a possible relation betweenT lymphocytes
and pattern of bronchoconstriction. Recirculation of
CD8 positive cells from the lungs where they had
accumulated,'3 or selective recruitment of helper
lymphocytes into the lung might explain our find-
ings."

Different mechanisms are probably associated
with the subsequent increase in eosinophils and CD8
positive lymphocytes shown by most subjects 24 to
48 hours after exposure to TDI when the TDI
induced bronchoconstriction had disappeared. Late
asthmatic reactions induced by isocyanates are
associated with airway inflammation,'6 which lasts

longer than bronchoconstriction.'4 The changes seen
in peripheral blood 24 to 48 hours after active
exposure may well be the result of an ongoing
inflammatory process in the lung. Several reports'7 18
showed raised blood eosinophil numbers after aller-
gen induced late asthmatic reaction, with a time
course similar to our findings.'8 These results are in
agreement with our own previous observations that
late but not early reactions induced by TDI are
associated with neutrophilia and a slight eosinophilia
in bronchoalveolar lavage at eight hours after
exposure.' Late response in the lung induced by
allergen inhalation is associated with activation of
circulating leucocytes.'9 Alterations in CD4 positive
subsets of lymphocytes but not in CD8 positive ones
have been reported after allergen induced asthma,
whereas bronchoconstriction induced by a non-
specific stimulus such as methacholine had no
effect." 13 Whether the observed increase of CD8
positive cells is a feature of isocyanate induced
asthma or the result of different experimental con-
ditions is difficult to establish.
The CD8 positive lymphocytes may be function-

ally distinguished in suppressor and cytotoxic cells.
In mice, suppressor cells can be induced by injection
of antigen.20 In man, antigen specific suppressor cells
are detectable in blood after repeated administration
of allergen to allergic subjects.2' These cells have
been identified as CD8 positive lymphocytes.22 Sup-
pressor cells bearing a CD8 marker are induced in
vitro by non-antigenic stimuli such as leukotriene B4
(LTB4).23 We previously found an increase ofLTB4
in bronchoalveolar lavage fluid during late asthmatic
reaction induced by TDI,24 and LTB4 may play a
part in the increase of CD8 positive cells in our
patients.
These data indicate that the events triggered by

exposure to TDI in sensitised subjects include
functional changes in the lung and systemic effects
that last longer than bronchoconstriction and con-
cern blood lymphocytes and eosinophils. Although
further studies on cell population in the airways and
on function ofCD8 positive lymphocytes are needed,
it is conceivable that an immune mechanism plays a
part in isocyanate induced asthma.
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